PARASTERNAL LONG AXIS VIEW 


PARASTERNAL SHORT 
AXIS VIEW l 


-Schematic representation of the different 
lographic views studied. A = anterior; AO = 
erior; L= left; LA =-left atrium; LV = left 
posterior; R = right; RA = right atrium; RV 

t ventricle; RVOT = right ventricular outflow tract: 


* “Anterior” MI was defined by the presence of ab- 
Q waves in 2 or more adjacent precordial leads (V,- 


he study was initially begun including only those patients 
acute posterior MLin whom hemodynamic monitoring 
been performed. However, because 2 patients with acute 
or MI were found to have hemodynamic criteria of 
V.dysfunction, a group of 5 additional unselected 

ith acute anterior MI were included. 
atients with acute MI without hemodynamic monitoring 
luded. Patients with previously known MI, 
congestive failure, pericardial disease, valvular heart 
shrenie obstructive iong disease were not included. 


east1 teaneversal plane Silanes or subcostal 
ws). Thus; a total of 63 patients (52 men, and 11 
36 to 78 years) were included. 


nic monitoring: Hemodynamic monitoring 
in all patients. Right atrial, pulmonary artery, 
ary capillary wedge pressures were recorded in 
ury with a Hewlett-Packard 1280 trans- 
; Elema Mingograph 34 through a Swan- 
odilution catheter. 
amic determinations were made at least every 8 
nitoring was begun at admission and maintained 
ys, being discontinued when the condition of the 
ent u was considered as stable (subset I or II according to 
orrester!) and had no hemodynamic variations for at least 


i Sota was made when the relation between right atrial 
cane eapilaty pi pressure was indicative of primary 


C] WALL OF RIGHT VENTRICULAR 
OUTFLOW TRACT 


WB ANTERIOR WALL 


APICAL FOUR CHAMBER 


SUBCOSTAL SHORT 
AXIS VIEW 
LIVER 


@ LATERAL waite 


EB INFERIOR WALL 


monary capillary pressure, for practical purposes right at 

mean pressure must be >10 mm Hg and either greater th 
equal to, or not more than 5 mm Hg less than. palmon 

capillary pressure. This criterion was found sensitive (73 
and very ee (100%) for the diagnosis of acute Ry 


not present in basal conditions Haz be 
Echocardiographic examination: Real-time 2- D 
cardiographic examination was performed with the 
in the supine position or 30° to 60° left lateral decubitus usi 
a wide angle (90°) mechanical sector scanner (Mark TH, / 
vanced Technology Laboratory) and a 3 MHz transdt 
Echocardiograms were obtained 3 to 12 hours after th 
hemodynamic. determination, In. this period of time, 
clinical condition of the patients included inthe stu 
considered stable, without. episodes of pain, dyspnea 
rhythmias, or variations in blood pressure. > 
Visualization of the ventricles and the ventricular sep 
in the long-axis, 4-chamber, and short-axis planes was ob: 
tained from parasternal, apical, and subcostal p 
‘Transverse planes were obtained from both paraste 
subcostal positions. All echocardiographic recording: 
obtained in normal (90°) and amplified (45°) dimensions 
stored on a Sanyo VJC 7100 tape recording system. Indiv: 
frames selected for the figures were photographed using 
Polaroid® film from the Videotape, There was: signi 


fields could be visualized. 
A simultaneous electrocardiógram was recorded. The 


iker, and the end of systole was assumed tos corre 
the end of the T wave. Imaging of the 


obtained by playing through prece 
si nd sl 





392 RIGHT VENTRICULAR FUNCTION AFTER ACUTE MYOCARDIAL INFARCTION 


Only RV free wall and ventricular septal motion were con- 
sidered. The RV wall was divided into several segments (Fig. 
1), and each was analyzed for wall motion abnormalities. Wall 
motion was qualitatively classified as normal (inward motion 
of the endocardium during systole) (Fig. 2), akinetic (absence 
of motion) (Fig. 3), or dyskinetic (outward motion of the en- 
docardium during systole) (Fig. 4 and 5). Ventricular septal 
motion was considered as normal when the septum was dis- 
placed toward the left ventricular cavity in systole, akinetic 
when no septal movement could be appreciated, and dyski- 
netic or paradoxical when both sides of the septum were dis- 
placed toward the RV cavity during systole (Fig. 4 and 5). 

All echocardiograms were interpreted independently by 2 
observers, without previous knowledge of the hemodynamic 
data of each patient. In case of discrepancy, the studies were 
reviewed and an agreement was reached. 

Groups: The patients were classified into 2 groups: Group 
A included 32 patients with definite ischemic RV dysfunction 
in at least 1 hemodynamic determination during the moni- 
toring period. Nineteen of the 32 patients had a relation be- 
tween right atrial and pulmonary capillary pressures indica- 
tive of ischemic RV dysfunction at the time of the echocar- 
diographic examination (Group AI); The 13 remaining pa- 
tients had transient ischemic RV dysfunction with a normal 
pressure relation at the time of the echocardiographic study 
(Group AII). Twenty-two patients had electrocardiographic 
evidence of posterior MI, 2 of anterior MI, and 8 of posterior 
plus anterior MI. Group B included 31 patients without he- 
- modynamic criteria of ischemic RV dysfunction during the 
entire period of hemodynamic monitoring. Acute MI was 
posterior in 20 patients, anterior in 5, and posterior plus an- 
terior in 6. 

Statistical analysis: All statistical analyses were performed 
using nonparametric tests: chi-square test and Fisher’s exact 
test. Significant values were considered those corresponding 
to p <0.05. Only hemodynamic data corresponding to the last 
hemodynamic determination before the echocardiographic 
examination were considered for statistical analysis. 


Results 


Hemodynamic findings: By definition, only Group 
A patients had a right atrial-pulmonary capillary 
pressure relation indicative of ischemic RV dysfunction. 
In all patients from Group AI, ischemic RV dysfunction 


end 
diastole 
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was spontaneous, whereas in 5 patients from Group B 
it was observed only after volume loading. 


Two-D echocardiographic findings: Right ven- 
tricular segmental wall motion: The number of pa- 
tients with asynergy and the number of segments with 
abnormal wall motion found in each group in the dif- 
ferent echocardiographic views are shown in Table I. 

Transverse plane: Regional abnormalities in seg- 
mental wall motion were observed in 29 patients: 19 in 
Group AI, 7 in Group AII, and 3 in Group B. (Fig. 3 and 
4). 

When subcostal and parasternal views were com- 
pared, no difference was found in either the number of 
patients with wall motion abnormalities, the number 
of segments with asynergy, or the type of asynergy, be- 
tween both short-axis views obtained. However, 2 pa- 
tients had akinesia of the inferior RV wall in the sub- 
costal short-axis view although the movement of these 
segments was considered normal in the parasternal 
short-axis view. Good quality images of the subcostal 
transversal plane were obtained in 62 patients; adequate 
imaging of the parasternal transversal plane could only 
be obtained in 42 patients. 

In the longitudinal parasternal view, dyskinesia of the 
RY outflow tract was observed in 1 patient (Group AT). 
In the remaining 50 patients in whom good quality 
echocardiographic images were obtained, contraction 
of the RV outflow tract was normal. 

In the apical 4-chamber view, asynergy of the lateral 
RV wall occurred in 9 patients (Fig. 5), 8 of whom were 
in Group AI. In the other patient, included in Group AII, 
akinesia of the RV apex was the only abnormality. 


Ventricular septal motion: In Group A, septal 
motion was normal in 18 patients (56%), akinetic in 5 
(16%), and dyskinetic in 9 (28%). Paradoxical motion 
of the ventricular septum was always accompanied by 
some alteration in the movement of the RV posterior 
wall (p <0.001) (Fig. 4). In group B, septal motion was 
normal in 24 patients (77%), and akinetic in the re- 
maining 7 (23%). 


end 
systole 


FIGURE 2. Subcostal short-axis view of both ventricles. Normal motion of the RV wall and interventricular septum. L = liver or lateral; other ab- 


breviations as in Figure 1. 
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end 
diastole 
FIGURE 3. Subcostal short-axis view: akinesia of the inferior RV wall. Abbreviations as before. 
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end systole 


end diastole 
FIGURE 4. Subcostal short-axis view: dyskinesia of the inferior RV wall adjacent to the interventricular septum. Paradoxical septal motion. Open 
arrows, normal contraction. Solid arrows, dyskinesia. S = interventricular septum or superior; other abbreviations as before. 





end end 
diastole systole 


eee 
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FIGURE 5. Apical 4-chamber view: dyskinesia of the RV apex. Paradoxical septal motion. A thrombus can be identified in the RV apex. Abbreviations 


as before. 
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Correlation between hemodynamics and 2-D TABLE Il Frequency of Asynergy in Relation to 


chocardiographic findings: Right ventricular wall: 

significant relation was found between hemodynamic 
ata of ischemic RV dysfunction and alterations in 
egmental RV wall motion. A highly significant differ- 
e was found either in the frequency of wall motion 
bnormalities or the number of segments with asynergy 
mong the 3 groups of patients (p <0.001) (Table I). 

‘urthermore, a highly significant difference was also 
found between the incidence and number of segments 
ith abnormal wall motion and the presence of a right. 
trial pressure equal to or greater than the pulmonary 
apillary pressure (p <0.001) (Table ID), indicating that 
he severity of asynergy is related to the severity of 
chemie RV dysfunction. 

Ventricular septum: A significant relation was found 
etween the presence of dyskinetic or paradoxical septal 
tion and the hemodynamic data indicative of ische- 
RV dysfunction (p <0.001). All 9 patients with 
adoxical septal motion were included in Group AT 
all had a right atrial pressure equal to or higher than 
monary capillary pressure. However, 2 patients 
hout paradoxical septal motion also had a right atrial 
ressure equal to or greater than pulmonary capillary 
ressure when the echocardiographic examination was 























Discussion 


gmental RV contraction in acute MI: A 
the RV wall has been reported in patients with RV 
9 Our results demonstrate that abnormalities in 
egmental RV wall motion are common in patients with 
cute MI and can easily be appreciated by 2-D echo- 
ardiography. The actual frequency of such abnor- 
‘malities cannot be accurately defined from this study 
‘because not all patients with acute MI admitted to the 
‘oronary care unit were included. 

_ Although acute RV infarction is generally associated 










ith posterior left ventricular infarction,!!:!3 a small. l 
umber of patients witha anterior MI also had RV. Vay 


__ Hemodynamic Data 


Number of Segments With Asynergy 











0 1 2 
RAP <PCP 
Number of patients 0 2 
Percent hos 3 
RAP 2PCP 
Number of patients 33 14. 
Percent 52 





22 
PC oe ee W p <0.001 Se 
PCP = pulmonary capillary pressure; RAP = right atrial pressure. Ue : 





nergy, correlating well with hemodynamic alterations 
consistent with ischemic RV dysfunction. 

Asynergy may be identified in all segments of the R 
wall, including the outflow tract, ventricular apex, and 
the anterior wall, but is, in general, specifically located 
in the posterior RV wall. Asynergy of other regi 
without posterior wall involvement is rare, and in t! 
study was found in only 1 patient. Moreover, anatom; 
copathologic studies indicate that in most cases, R? 
infarctions are confined to the posterior RV wall!!! 
which can be identified only in the transversal pla 
The transversal plane is the most useful echocard 
graphic view for the identification of such abnor: 
ties. 

The greater frequency of wall motion abnor 
in the long-axis and 4-chamber planes reported in 
vious studies* can be attributed to a more rigid er 
of patient selection, inclusion being restricted ti 
tients with strong clinical evidence of RV infarcti 

Segmental RV contraction and RV infarcti 
Recent. echocardiographic. and. anatomic.s 
demonstrated that necrotic segments of the le 


the latter far less frequently imply MI, a a 


of nonnecrotic 'nyocardial segments shon e 
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Designed to achieve your 


therapeutic goals in hypertension 


¥ ACE* INHIBITOR 


For hypertensive patients 


*Angiotensin Converting Enzyme 


SQUIBB 
See last pages 


of this advertisement 
for brief summary. 








ACE* INHIBITOR 


CAPOTEN 


(captopril tablets) 





CAPOTEN controls blood pressure without the 
following usual antihypertensive side effects’: 


e No cardiac depression e Rare impotence/loss of libido cS 
e No glucose intolerance e Rare bronchospasm 

e No bradycardia e Rare tachycardia 

e No mental depression e Rare fatigue 


e No sleep disturbances 
e No nasal congestion 
e No hypokalemia 





CAPOTEN is appropriate therapy when coexisting 
disorders complicate hypertension management 


Unlike some other antihypertensive agents, CAPOTEN is appropriate for 
use in the presence of a wide range of cardiovascular and metabolic 
disorders that often coexist with hypertension. 

e Bronchospastic disease e Diabetes mellitus 

e Cardiac arrhythmias e Hepatic disease 

e Congestive heart failure 


CAPOTEN is effective in controlling many kinds of 
hypertension when conventional multidrug regimens 


à have proven inadequate 


Essential hypertension 
Hypertension resistant to standard triple therapy (STT) 
e Hypertension associated with low, normal, and high plasma renin levels 


e Renovascular hypertension 
ACE* INHIBITOR 


CAPOTEN 
(captopril tablets) 


*Angiotensin Converting Enzyme 


t Please see brief summary of prescribing information on the 
last pages of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 





captopril tablets) 


CAPOTEN has been associated with the develop- 
1ent of neutropenia, agranulocytosis, or protein- 
ria.t These serious side effects are more likely to 

occur in patients with predisposing conditions, 

such as renal impairment or autoimmune disease, 
r in patients receiving therapy known to suppress 


he autoimmune response. 


The following precautionary guidelines are recom- 
mended for all patients receiving CAPOTEN: 


Obtain urinary protein level estimates prior 
to initiating therapy, at monthly intervals for the 
first nine months of treatment, and periodically 
thereafter. 


+ Obtain WBC counts at the initiation of therapy, 
at two-week intervals for the first three months of 
treatment, and periodically thereafter. 


e Carefully review the WARNINGS and ADVERSE 
REACTIONS sections in the complete prescribing 
nformation, with particular attention to the 
atient at increased risk. 
e The most frequently occurring adverse reactions 


are skin rash and taste alteration; both effects are 
generally mild, reversible, or self-limited. 


m 


SQUIBB 


; * Angiotensin Converting Enzyme 


{Please see brief summary of prescribing 
i nation , for INDICATIONS AND USAGE, 
NINGS, and ADVERSE REACTIONS. > > 


reported 


tensive patien 


ihi falute", 
whe have not responded adequately toor cannot be contralied by conventional fae 
diuretic and digitalis therapy. CAPOTEN js to be used with diuretics and 
digitalis. : 
WARNINGS: Proteinuria — Tota! urinary proteins >1 g/day. were seen in 
1.2% of patients on captopnit: the nephrotic syndrome occurred in about Ath 
of these cases. About 60% of affected patients had evidence of prior renal 
disease, the remainder had no known renal dysfunction. In most cases, 
proteinuria subsided or Cleared within 6 months whether or not captopril was 
continued, The BUN and creatinine were seldom altered in proteinuric patients. 
Membranous glomerulopathy was found in nearly all the proteinun¢ patients 
on captopril who were biopsied and may be drug related. Most cases of pro: 


teinuna occurred by the 8th month of therapy. Patients should have urinary ES 


protein estimates (dipstick on 1st morning urine, or quantitative 24-Nr urine ==: 
the iatter provides greater precision when proteinuria is persistent and/or at 
low jevels) before therapy, at approx. monthly intervals for the 1st 9 months of 
therapy, and periodically thereafter. For patents who develop proteinuria 
>1 giday, or increasing proteinuria, the benefits and risks of continuing 
captapri) should be evaluated, 


Neutropenia/Agranulocytosis — Neutropenia («<300/mim’) associated” 


with myeloid hypoplasia (probably drug related) occurred in about 0.3% of 
captopril treated patients, About half of the neutropenic patients developed. 
systemic or oral cavity infections or other features of agranulocytosis, Most of 


the neutropenic patients had severe hypertension and renal function impair e ; ee 


ment. about halt had systemic lupus erythematosus (SLE), or another autoim- 


mune/collagen disorder, multiple concomitant drug therapy was common, ak 
including immunosuppressive therapy in a few cases. Daily doses of captopril 


in the leukopeni¢ patients were relatively high. particularly ini view öt their, 
diminished renal function. The neutropenia appeared 3 to 12 weeks after 
starting captopril; it developed relatively slowly, taking 10 to 30 days to have 
white blood count fail to its nadir: neutrophils returned to normal in about 2.“ 
weeks (other than 2.patients who died of sepsis). 

Use captopril with caution in patients with impaired renal function, 
serious autoimmune disease (particularly SLE), or who are exposed to 
other drugs known to affect the white cells or immune response. In 
patients at particular risk (as noted above), perform white blood cell and `: 


differential counts prior to therapy, at about 2-week intervals for about the S a 


4st 3 months of therapy, and periodically thereafter. : 

The risk of neutropenia in patients who-are less seriously iitor who rece 
lower dosages appears to be smaller. In these patients white blood call coun 
should be performed. every 2 weeks for the tst 3 months of therapy ang 
periodically thereafier. Perform differential counts when leukocytes 
<a4000/mir’ or the pretherapy white count is halved. All patients treated 
captopril should be told to report any signs of infection (e.g, sore throat, feve 
if infection is suspected. perform Counts without delay. Since discontinua 
of captopril and other drugs has generally led to prompt return of thea w 
count fo normal, upon confirmation of neutropenia (neutrophil 
<1000/mnm® withdraw captooril and closely follow the patient's course. ‘ 
Hypotension — Excessive hypotension was rarely seen in hypertensiv 
patients but is a possibility. in severely saitvolume-depleted persons such as 
those treated vigorously with diuretics (see PRECAUTIONS [Drug interactions): 

in heart failure, where blood pressure was either normal or low, transient. 
decreases in blood pressure >20% were recorded in about 1⁄2 the patients. 
This transient hypotension may occur after any of the first severai doses andis 
usually wel! tolerated, although rarely it has been associated with arrhythmia or: 


conduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize the: oe 


hypotensive effect. Patients. should be followed closely tor the first 2weeks of 
treatment and whenever the dose of captopril and/or diuretic is increased, y 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE 
PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY ‘CLOSE 
MEDICAL SUPERVISION. was 
PRECAUTION: General: impaired Rena! Function, Hypertension = Some 
hypertensive patients with renal disease, particularly those with severe ren, 
artery stenosis, have developed increases in BUN and serum creatinine, may: 
be necessary to reduce captopril dosage and/or discontinue diuretic. Forsome 
of these patients, noemalization of blood pressure and maintenance of 
adequate renal perfusion may not be possible. Heart Failure =- About 20% of 
patients develop stable elevations of BUN and serum creatinine >20% ‘above 
normal or baseline upon: long-term treatment. Less than 5% of patients, 
generally with severe preexisting renal disease, required discontinuation due 
to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION 
ADVERSE REACTIONS [Altered Laboratory Findings], Valvular Stenosi 
theoretical concern, for risk of decreased coronary perfusion, has beenn 
regarding vasodilator treatment in patients with aortic stenos 
decreased afterload reduction. 
Surgery/Anesthesia — If hypotension occurs during major. surger 
anesthesia, and is considered due to the effects of captopril. itis correct ) 
volume expansion iy 
Drug Interactions: Hypotension: Patients on Diuretic Therapy ~~ Pree 
reduction of blood pressure may occasionally occur within the Ista hou 
administration of the initial captopril dose in patients on diuretics, es BC 
those recently placed on diuretics. and those on severe dietary salt res chit 
or dialysis. This possibility canbe minimized by either discontinuing the diu 
or increasing the saft intake about 1 week prior to initiation of captopril ther 
Alternatively, provide medical supervision for at least 3 hours afte th 
dose in hypertensive patients... : ae 

Agents Having Vasodilator Activity: in heart failure patier 
should be administered with caution . ; 


Agents Causing Renin Re Captopril’s effect wi 





J -ause tënmimreledsé. BS 
fecting Sympathetic Activity =- The sympathetic nervous system 
be especially important in. supporting blood pressure in patients receiving 
“alone or with. diuretics. Beta-adrenergic blocking drugs add some 
-anuhypertensive effect to captopril, but the overall response is less 
additive. Therefore, use agents affecting sympathetic activity (e.g.. 
blocking agents or parent ae) neuron blocking agantsjwith caution. 


ium supplements ‘only for documented hypokalemia, and then with 
tion since they may lead to a Ea seal increase of serum bin ae 


on Mutagenesis, and: Impairment of Fertility: Two-year 
doses of 50 to 1350 mg/kg/day in mice and rats failed to show any 
jogenic potential. Studies in rats have revealed no impair- 


There- are ho adequate and well-controlled studies in 

Embryocidal.effects were observed in rabbits. Therefore, 

be used during pregnancy only if the potential benefit 
potential risk to the fetus. 

rs; Captopril is secreted in humañ milk. Exercise caution when 

ig captopril toa nursing woman, and, in general, nursing should be 


| atric Use: Safety and effectiveness in children have not been established 
although there is limited experience with use of captopril in children from 2 
mnths to 15 years of age. Dosage, on aweight basis, was comparable to that 
ed in adults. Captopril should be used in children only if other measures for 
ontrolling blood pressure have not been effective. 
\OVERSE REACTIONS: Reported incidences are based on clinical trials 


~~ One to 2 of 100 patients developed proteinuria (see WARNINGS). 
na Pauificiency. renal failure, polyuria, oliguria, and urinary frequency in 1 
000 patients. 


s. usually during the tst 4 weeks of therapy. Pruritus, without rash, in 
ot 100 panene A reversible associated pemphigoid- like 1 lesion, and 


é s ofthe ron or of the extremities in about 1 of 100 patients — 
on discontinuance of captopril therapy. One case of laryngeal 


SCular — Hypotension in about 2 of 100 patients, See WARNINGS 
fjand PRECAUTIONS (Drug Interactions) for discussion of hypo- 
fh initiation of captopril therapy: Tachycardia, chest pain, and 
-@ach in about 7 of 100 patients. Angina pectoris. myocardial 
aynaud's syndrome, and congestive heart failure each in 2 to 3 of 


Jysgeusia ~~ About? of 100 patients developed a diminution or loss of taste 
tion: laste impairment'is reversible and usua ily self-limited even with 
ed drug use(2 to 3 months). Gastric irritation, abdominal pain, nausea, 

aithea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizzi- 
headache,-malaise. fatigue, insomnia, dry mouth, dyspnea, and pares- 
ported | in about 0.510 2% of patients but did not appear at increased 
cy Compared to placebo or other treatments used in controlled triais 
aboratory Findings: Elevations of liver enzymes in a few patients 
no: causal relationship has been established. Rarely cholestatic 
and hepatocellular injury with secondary cholestasis have been 
A transient elevation of BUN and serum creatinine may occur, 
jally in Volume-depleted or renovascular hypertensive patients. in 
fapid reduction. of longstanding or severely elevated blood 
je glomeruiar filtration rate may decrease transiently, also resulting 
nt Tises in serum creatinine and BUN. Small increases in serum 
im concentration frequently occur, especially in patients with renal 
irment (see PRECAUTIONS). 
WERDOSAGE:. Primary concern in correction of hypotension. Volume 
ion with an LV. infusion of normal saline is the treatment of choice for 
lon of blood pressure. Captopril may be removed from the general 
an by hemodialysis. 

ND ADMINISTRATION: CAPOTEN should be taken one hour 
Dosage must be individualized; see DOSAGE AND ADMINIS- 
ion ot package insert for detailed information regarding dosage 

ionand in heart failure. Because CAPOTEN (captopril) is excreted 

idneys, dosage adjustments are recommended for patients 
function, 
sert before prescribing CAPOTEN (captopril). 
‘Available in tablets of 25, 50, and 100 mg in bottles of 100, 
" unit-dose packs of 100 tablets 
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“And she smiled and from no di stance 
said, ‘Hello, my Ingles. 

‘Im notan Ingles, he said very lazi ly. 

‘Oh yes, you are’ she said. ‘You're my 
Ingi és, and reached and took hold of both 
his ears and kissed him on the forehead. 

‘There, she said. ‘How is that? Do | kiss 
thee better? < 

- Then they were walking along the stream 
‘together and he said, ‘Maria, | love thee 
and thou art so lovely and so wonderful 
and so beautiful and it does such thi ings t to 
- meto be with thee that | feel as though l 
wanted to die when lam loving thee. 
‘Oh’ she said. ‘I die each ti me.Doyou — 

not die?’ ee 

‘No. Almost. But did thee feel the earth - 
move?’ 

‘Yes. As | died Put thy arm around me, 
- please’ 
‘No. | have thy hand. Thy hand is enough’ 


‘The Dialogue pt Robert Jordan and Maria from. For Whom the Bel Tolls! 


Another Dialog soon to > appear—by Siemens. oS 
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a iable Threshold Exertional Angina i in Patients With 
ent Vasospastic Myocardial Ischemia 


xercise Test Results and Therapeutic Implications 


TEFANO DE SERVI, MD, GIUSEPPE SPECCHIA, MD, COLOMBA a MD, 


NTONELLO GAVAZZI, 


MD, ANTONIO MUSSINI, 


MD, LUIGI ANGOLI, 


EZIO BRAMUCCI, MD, DIEGO ARDISSINO, MD, LAURA VACCARI, fa 
O GE SALERNO, MD, and PIERO BOBBA, i 


hirt five of 70 patients with vasospastic angina at 
mplained of chest pain during exercise or 

ing usual daily activity. In 22, the angina threshold 
was described as variable during exercise: that is, 
mount of exertion that induced angina was not 

s the same. In 12 patients with variable 
vold exertional angina, 3 exercise tests per- 

ed in the morning on different days yielded 

nt results, because chest pain and ischemic 
cardiographic changes occurred at different 
loads with a wide range in heart rate-systolic 
ssure product. Two patients, in whom great 

; vein flow was measured during exercise 

e and after taking nifedipine, tolerated heavier 


ds after receiving the drug, with a more | 


nts with vasospastic angina at rest may also have 
in during exercise or during usual daily activi- 


? In these patients the angina threshold may vary 
om time to time; a few patients have recently been 
ed*-5 in whom repeated exercise tests induced 

al ischemia at different values of heart rate- 


blood pressure product, an index of myocardial. 
umption. 6€ However, the incidence of this 


n is not yet appreciated, and it is not.clear 

he clinical suspicion of variable threshold 

al angina can always be confirmed by repeated 
tests. 


e Div one: di Cardiologia, Cattedra di Fisiopatologia Cardio- 
i liclinico S.. Matteo, Pavia, italy. Manuscript received 
evisod manuscript received July 20, 1982: accepted 


‘Stefano dé Servi, MD, Divisione di Ca fiologia, 
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marked increase in flow during exercise. It is or 


cluded that variable threshold exertional angina ca 
-be objectively demonstrated by repeat exerci 
tests in patients with vasospastic angina. Var 

of the angina threshold may be due to a fun 
“mechanism that causes myocardial ische 


addition to the increased myocardial metabo 


: patients fluctuations in corona y arterial ton pla 
- an important role in determin 


exercise, calcium antagonistic drugs, which 
coronary tone and prevent the occurrence of co 
nary spasm, are altective in increasing exer 
capacity. Ei 


This tay describes the results of repeated e: 
tests in patients with vasospastic angina presenting , 
this clinical manifestation. We believe that the recog- 
nition of variable threshold exertional angina mi 
important therapeutic implications. 


_ Methods 


Patients: Criteria of selection: Between Octobe 
October 1981 we observed 70 patients with vasospasti 
at rest without evidence: of previous transmural: m 


the occurrence of. chest. pain at rest on the basis. 
lowing criteria: Sixty patients showed transient S-T s 
elevation during at least 1 episode of chest pain a ; 
whereas the remaining 10 patients showed S-T 
pression repeatedly duri: 


ministration ah i tra ji nie 











“Exercise Test ` 





ertional Angi 





Second 


Exercise Test 











































Work 0 iEnd- EGG Werk End- : ECG 
Load point RPP Changes Load point RPP Changes 
50 WX i min Ang 128 17 a mm 125 W X 3 min Ang 260 | S-T 1mm 
i i a Va-Ve 
50WX3min Ang. 176 lsa mm 125 W X 3min Exh 259 i 
PR a 
50 WX 1 min ‘ST 143 oT de 125 W X tmin Exh 300 — 
i Fy t + a 
OO SWX tmin o>. Ang 364 is ? 175 W X1 min: Exh 285 {S-T 1mm 
V2 Vs-Ve 
75 WX 3min Ang 304 ist 125 W X 1 min Ang 286 *$-T 
ViVo ViVa 
100wxX 1min = Exh 246 ist 1.5mm 50 WX 1 min Ang 189 (S-t 2,5 mm 
a-Ve VaV. 
100 W X 1 min Ang 158. $S-T 2mm 100 WX 1min Exh 145 Ta 
ae 
75W X 2 min Ang 240 ist 2, $ mm 75 WX- tmin Ang 271 yo-T Timm 
3-V5 VaV 
50 W X 3 min Ang 163 (eTa Emm 75WX3 mì Ang 213 \$-71,5mm_ 
Hl, Hi, aVF, Hi, Hit, aVE, 
Ve-Ve Ve-Ve 
125 W X 3 min Exh 176 ist i mm 125 W X 1 min Exh 209 a 
i avg 
50 W X- timin Ang 140 ĮS-T.4 mm 50 W X 3 min Ang 163 $ S-T 3 mm 
_ Va VaV 
100 WX 1 min Ang 162 4915mm 50 WX 1 min Ang 143s IST 4mm 























exercise; these patients could not recognize a critical amount 
of exertion they could perform before experiencing angina 
but the level of activity that determined the symptoms 
varied from time to time. Twelve of these 22 patients were. 
selected for this study. The selection was not done in arandom 
fashion but depended on the clinical characteristics of the 
patients. We excluded patients with more than 3 episodes of 
chest pain at rest. per day or with severe ventricular arrhyth- 
mias or left ventricular failure during anginal attacks.'® In the 
9 patients studied, drug'therapy consisting of nitrates and 
|. nifedipine could be suspended 12 hours before exercise tests 
without any manifestation of withdrawal phenomena, such. 
elerated angina or other coronary events. No patient was 
ing beta-adrenergic blocking agents or digitalis. 
ercise testing: The 12 patients selected performed 3 
cle exercise tests in the morning (8:30 to 11:00 A.M.) on 
days during hospitalization. The mean interval be- 
; e first and the third exercise test was 7.8 + 6 days. 
Two of ese patients were described recently.* The exercise - 
ere performed in the supine position with an initial 
of 50 W and subsequent increments of 25 W every 
tes, Exercise was stopped when angina, Ete lain ex- 
























uring recovery; leads V4, Vs; and Vg were mohitoted urine 
ercise. Cuff blood pressure was measured at 3-minute in- 
rvals, The criteria fòr a positive exercise test were a hori- 
ntal or downsloping S-T segment depression 21 mm for 0.08 
d compared with the resting tracing and S- T segment. 
vation 21 mm at 0.04 second after the J point compared 
h the baseline electrocardiogram. An estimate of myocar- 
oxygen consumption was made from the double product, 


d heart. 


TABLE II 


glycerin. 
~ Coronary flow study: In 2 patients with-isolated le 
terior descending artery disease, exercisé tests were perform 

‘before and 20 minutes after sublingual administration of 20 


ng. = = angina; ECG = electrocardiographic; Exh = exhaustion; RPP = heart rate-systolic pressure product, mm Hg X beats/min X 1077; tar 
-T segment elevation; {ST = S-T segment depression; — = no electrocardiographic changes, 


Coronary arteriography: The 12 patients studied un 
derwent coronary arteriography using the Sones techniqu 






after premedication. with 10 mg of diazepam. Left ventr 
lography was performed in the right-anterior oblique pro) 


tion before arteriography. Narrowing >50% of Far more ¢ 
onary arteries was considered evidence of significant coronar 


artery disease. When a significant lesion was noted, the ve 





_was filmed again after sublingual administration: of nitr 













Electrocardiographic (ECG) Changes During 


Chest Pain at Rest and Coronary Aner 


Findings 





1 OO GUT OMN =e 


Age (yr) 


Case 





$-T int 
S&T inf 
$-T ant 
[S-T ant 
ST inf 
43-7 ant 
yo ant 

$-T inf: 





pr ant. 


ECG, Changes 
(Spontaneous 
Angina). 


‘8-7 ant 














Third 
Exercise Test 





End- 
point RPP 


Ang 
y Ang 
e mh 
$-T 
5 Exh 
125WX 1min Exh 
75WX1min Ang 
T5WX3 min 
125 WX 3min 


-178WX 3 min 
75 WX 2 min 





mg of nifedipine; the tests were done with the patient in the 

ne position with an initial work load of subsequent in- 

its of 25 W every 3 minutes. A triple thermistor ther- 

ion catheter {Wilton Webster Laboratories, Altadena, 

ja) was inserted into the coronary sinus with the tip 

tothe great cardiac vein, so that the flow recorded 

irely from the great.cardia¢ vein.” Its position was 

ed with fluoroscopy and frequently checked 

hout the procedure. Flow measurements were obtained 

conditions and at peak exercise!5!8 by injecting 

saline solution at 24° per 30 seconds using a pump 

6 ml/min. The left brachial artery was punctured 
ntraarterial pressure. 

erval of 30 minutes was allowed to elapse between the 

the first exercise test and: the administration of ni- 

Great cardiac vein flow (GCVF) was calculated using 

ng formula: GCVF = V; X [(T, — TIT, — Tm) ~ 


CONTROL 


Case 11, Three exercise tests performed in 
i different days yielded different results. The 
| tests induced chest pain and S-T seg: 
eas the third test was negative 
= double product 


1] xi: 08, where V; represents the volume of injectate 
and Th, T;, and Tm the temperatures of blood, injectate 
mixture of blood and injectate; 1.08 is a constant of th 
solution. 

Informed consent was obtained. from all patients bef 
each test. No complications were observed during the p 
dures. 

“Results 


Clinical features: Eleven patients were men 
a woman, with an average age of 52.7 years (range 
62). In 8 patients, anginal attacks at rest were ass 
with S-T segment elevation, occurring in the anteri 
leads in 4 patients and in the inferior leads in 4, where 
1 patient had episodes associated with either S-T seg 
ment elevation or depression in the anterior lead: 
Three patients showed S-T segment depression in the 
anterior leads during chest pain at rest. In 6 patient 
angina was of recent:onset (<3. months). 

Exercise tests (Table I): Four patients (Cases 2 a 

7, and 10) had 1 negative test and 2 positive tests; 
vient (Case 3) had 2 negative tests and 1 positive tesi 
Seven patients had all 3 positive tests. Chest pain o 
curred during all 3 exercise tests in 3 patients, whil 
patients had at least 1 exercise test ended because o 
exhaustion. In 1 patient the end point was angina 
tests and S-T segment depression >3 mm withou 
gina in the third test. 

S-T segment elevation was observed in 2 pat 
(Cases 3 and 4) during 1 exercise test and in 1 pa 
(Case 5) during 2 tests. In 6 patients (Cases 1, 6, 8,9, 
and 12) all 3 exercise tests induced S-T segment de 
pression. In 5 of these patients, S-T segment depress 
occurred at different work loads with a wide range 
values of double product. One illustrative case is sh 
in Figure 1. In 1 patient (Case 8) exercise tolerance | 
not change substantially during the 3 tests; howeve: 
depression was more marked during the first tk 
during the second exercise test although a higher valu 
of double product was attained during the latter. 

< Angiographic features: No patient had akinetic 
dyskinetic areas of the left ventricle. The average ejec 
tion fraction was 59 + 7 and the average left ventricula 
end-diastolic pressure was 12.5 + 5 mm Hg. Coronal ; 


Isr. EXERCISE BND EXERCISE 


50Wx3' DP.163 


ce cuales. 

























Double Produet COE 





“Work Load. pe a 




































lectrocardiographic changes. 


rteriography (Table H) showed normal coronary ar- 
aries in 2 patients. Seven patients had single-vessel 
isease with involvement of the left anterior descending 
ery in 5, of the right coronary artery.in 1 and of the 
ci umflex branch in 1. 

Three patients had 2-vessel disease. During the 
ocedure, 2 patients exhibited-a spontaneous spasm 
the right coronary artery and 1 of the left anterior 
ending: artery. One patient had an ergonovine- 
iduced spasm of the left anterior descending artery . 
Great cardiac vein flow measurements (Table 
I: Both patients showed an increase in flow at peak 
xercise. After administration of nifedipine they tol- 
erated heavier work loads than before and attained 
higher values of double product. Despite that, electro- 
cardiographic signs of ischemia did not appear in 1 pa- 
tient and. occurred at far greater values. of double 
product in the other. The increase in flow in the great 
cardiac vein at peak exercise was more marked after 
than before administration of nifedipine (Fig. 2). 











NIFEDIPINE 
OP. 112 


25W.2° 
OP. 156 
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75W 2 
OP. 183 


1 ' i | d l 
AK uide Hen 





Changes (mm Hg beats/min 4072) cmimin 
Peak exercise 75WX3mn -Ang {S-T 1mm 208 152 
. After. nifedipi ne or j ee sur i : j —— 64 
fox exercise, i -T00 WX 2min Exh _ 269 194 
Goowol ba eg E OS ae: T 103 
Peak exercise C25 WX 2min Ang {S-T x mm- 131 105 
i Bye ea are 3° V6 : 

‘After niteaping: ee  , = N 116 

; Peak exercise ` TOM X2min Ang {S-T 4mm 183 164 

i : ae a-Ve | pia 

“Ang = angina; ECG = electrocardio jographic; Exh = exhaustion; GCVF = great cardiac \ vein flow; |S-T = S-T segment eee. — = no. ; 









~ Discussion 
Variability of angina threshold during exercise: 
Stable exertional angina is caused by increased myo- 
cardial oxygen consumption in the presence of fixed 
stenoses of the large coronary arteries. The concept that 
coronary lesions are fixed implies that myocardial 
ischemia occurs reproducibly at a given level of myo 
cardial oxygen consumption. Epstein and Talbot!® re- 
cently challenged this concept, because it does notex- 
plain several clinical characteristics often observed i moo 
patients with angina pectoris. For instance, “...itdoes 
not explain why angina threshold should vary markedly : 
during different times of the day, different times of the 
week, or different seasons of the year.”!9 This lack of 
reproducibility and predictability has been reported 
classic descriptions of angina of effort.2°! Friedberg,2° 
observing that some patients have only occasional se 
zures at intervals of days, weeks, or months, comments. 
that “these intervals depend to some extent on avoic 
ance of the factors which. elicit the anginal attac ! 
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FIGURE 2. Case’ 12. in this patient with dis 
isolated left anterior descending artery, me 
of great cardiac vein. flow were performed d 
cise; before and after administration of nifedipi 
the drug, the patient tolerated a greater work load 
attained a higher value of double product. This benef 
otfect was achieved by an increase in great cardi 
i uble product (mm. Hg X beats/min 
“ges cardiac vein flo -measureme 
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\ Briet. Summary fo follows. 


The prolongef administration of procainamide ofte f be tothe aT 
ment öfa positive antinuclear antibody (ANA) test with or without symp: 
“toms of lupus érythematosus-like syndrome. If apositive ANA titer 
con the benefit/risk ratio related to continued procainamide therapy 
ssed. This may necessitate consideration of, Í 


ntricular contractions and ventricular da, atrial fibril- 
xysmal atrial tachycardia. 
INDICATIONS: It has been suggested that procainamide be contra- 
ints with myasthenia gravis. Hypersensitivity to the drug is. an 
dication, in this connection, cross-sensitivity to procaine and 
ugs must be borne in mind. Procainamide should not be adminis- 

i patients with complete atrioventricular heart block. Procainamide is 
ndicated:in cases of second-degree and third-degree A-V block 
lectrical pacemaker is operative. 

INS: General — During: administration of the drug, evidence of 
cardial responses. should be carefully watched for. in all 

ence of an-abnormal myocardium, procainamide may at 
fd responses. In atrial fibrillation or flutter, the ventricu- 
e suddenly as the atrial rate is slowed. Adequate digitali- 
Ss nobabolish, this danger. If myocardial damage 
tachysystoleis particularly hazardous. Correction of atrial 
ultant forceful contractions of me atrium, may cause a dis- 








gested thatin patient who isa lready discarga emboli li pro- 
middeis more likely to stop than to aggravate the peran 


/ Ing an occlusive coronary episode should A carriedout with 
eme caution, Caution is also required in marked distürbanses of atrioven- 


iS intoxication hete the use ot procainamide may resulti imadditional 

lepresgion ofc jon and ventricular asystoleé or fibrillation. 

“Because patients with sévere organic heart disease and ventricular. tach 
ardia may also have complete heart: block. which is difficuli to diagnose. 
nder these circumstances: this complication should always be kept inmind 
\ treating yentricular arrhythmias with procainamide. If the ventricular rate 
icant! y slowed by procainamide without attainment. of regular atrioven- 

uctiön,. the drug should be stopped'and ihe patient reevaluated 
ie may result under these circumstances: 
ient receiving normal dosage, but who have both liver and kidney ` 
mptoms of overdosage (principally ventricular tachycardia and 
polension) may occur due to drug accumulation. 
tances ofa syndrome resembling lupus-erythématosus have been 
Ninection with maintenance procainamide therapy. The mecha- 
ndrome is. uncertain. Pol yarthraigia. arthritis, and pleuritic pain 
imon symptoms; to a lesser extent. fever: myalgia, skiniesions, pleural 
nd pericarditis may occur. Rare cases of thrombocytopenia or 
positive hemolytic anemia have been reported which may be related 


ry. Tests Patients receiving procainamide Aor exténded periods of 

whom symptoms suggestive of a lupus-like reaction. appear, should 
tinuclear antibody titers measured at regular intervals. The drug 
iscontinued if there is arising titer (antinuclear an or-clinical 

‘LE appear. The LE syndrome may be reversible upon discontin- 
ne: ‘dtug.If discontinuation of the drug does not cause remission of 
toms, steroid therapy may be effective. If the syndrome develops in 
t with recurrent life-threatening arrhythmias not controllable by other 
yihmic agents, steroid suppressive therapy may be used concomi- 
ith procainamide. Itis recommended that tests fo! up 
je ‘carried outat regular intervals in patients ageing 
inamide therapy. 













Division of Warner-Lamibert Company i. i 
Morris Plains, New Jersey 07950 i 


750 mg procai 


of foe should cour and leukocyte counts indicate cellular depre 
cainamide therapy should be discontinued and appropriate treatm 
be instituted immediately. 

Hypersensitivity reactions; such. as angioneurotic edema ands nat 
lar rash have also occurred. 

A syndrome resembling lupus erythematosus has been repond (see 
PRECAUTIONS) «i : 

Hypotension following oral administration: rare, : 7 oy 

Large oral doses of procainamide may: somelinies: produce ar orexia, nau- 
sea, urticaria, and/or pruritus. : 

Reactions consisting of fever and chill 5 have also been i ried, inc! cluding 
a case with fever and chilis p lus nausea; vomiting abdominal pai i 
hepatomegaly, anda rise in serum glutamic oxaloacetic, transaminase foll ow: 
ing single doses of the drug. Bitter taste. diarrhea, weakness, mental depres- 
sion, giddiness, and psychosis. with hallucinations have been reported. The 
possibility. of such untowatd effects should bé borne in mind. x 

DOSAGE AND ADMINISTRATION: Procan SR (procainamide hydrochló: 
ridë) tablets are a sustained-releasé product form. The duration of action of 
potas bein hydrochloride supplied in this sustained-release product form 

allows dosing at intervals of every six hours instead of the more frequent 
every-three-hour dosing interval required for standard preparations of oral 
procainamide hydrochloride. The convenient six-hour dosing schedule may 
encourage patient compliance, 

Ventricular tachycardia— Treatment with standard procainamide hydro: 
chloride is recommended until the tachycardia is interrupted or the limit of tol- 
errance is reached, Maintenance may then be continued with Procan.SR. 

The suggested dosage isas follows: An initial dose at 49 of standard pro-., 
cainamide hydrechioride followed thereafter by a total daily dose of 50 mg/kg 
of body weight given at three hour intervals: The suggested oral dosage for 
premature ventriculat contractions is 50 mg/kg_of body weight daily. given in 














¿divided doses at three-hour intervals 


The suggested maintenance dosage ofProcan SRis 50. mg/kg of body. 
weight daily given in divided ‘doses at six-hour intervals. 

Although the dosage for each patient must bé détermined:on an individual 
basis. the following may be used asa guide for providing the total daily dos- 


i age: patients weighing less than. 55 kg (20 Ib)-0.5 g every six hours: patients 


weighing between 55 arid 91 kg (120 and 200 Ib),.0.75 g every Six hours: and 
patients weighing over 91 kg (200 Ib).1 g.every six hours 

Atrial fibrillation and paroxysmal atrial tachycardia—. Treatment with 
standard procainamide hydrochioride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. Maintenance may then be con- 
tinued with Procan SR: 

The suggested dosage is as follows. An initial dose of 1.25 g of standard 


= procainamide hydrochloride may be followed in one-hour by 0.75 g jf there 


have been no electrocardiagraphic changes. Standard procainamide hydro- 
chloride may then be given at'a dose of.0.510 1g every two hours until ir inter- 
ruption of the arrhythmia or the tolerance limit S.reached, : 

The suggested maintenance dosage for Procan’ SRis1g every. sik foots” 

if procainamide therapy is continued for appréciable periods, electrocar- 
diograms should be made ‘occasionally to determine the need for the drug, 
HOW SUPPLIED: Procan SR 250 mg (green, film-coated tablet. P-D 202) is 
available in bottles of 100 (N.0071-0202-24) and in unit-dose packages of 100 
(10 strips of 10 tablets. gach) {N 0071-0202-40). Each: sustained- relefse tabl et 
containg 250 mg procainamide hydrochloride. ` 

Procan SR 500 mg (yellow. scored. film-coated tablet, p. D 204i is available. 
in bottles of 100 (N 0071-0204-24) and inunit-dose packages of 100 (10 strips 
of 10 tablets each) (N 0071-0204-40). Each sustained- relega; let contains 
500 mig procainamide hydrochloride, ey 

Procan SR 750'mg- (orange, scored. filmm-coated tablet. 205) i is available 
in bottles of 100°(N-0071-0205-24) and in unit-dose packages of 100 (10 strips 
at10 tablets each) (N 0071-0205-40), Each sustained-release tablet contains 
mide Hydrochloride. 


Storage—Protect: from moisture. Store bottles below 86° F (30° c). 



















f Store unit-dose packages at controlled room temperature, 59°-86° F 


(15°-30° 0). 0202G014 


PD-8G-JA1334-P-1A (11-82) 
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FROM THE EDITOR - 


Getting the Manuscript Accepted: 
Think Like a Lawyer and Cover the Flanks 


A manuscript might be viewed as a legal brief in which an 
author presents logical arguments supporting the con- 
tention that he has created and proven a new concept. 
Reviewers, in a way, are like defense lawyers who attempt 
to find a flaw in the author's contention. Finding such flaws 
often casts doubt on other claims of the author or claimant. 
Indeed, the finding by reviewers or the Editor of omissions 
of mention can be a major stumbling block preventing the 
acceptance of a manuscript. 

A manuscript’s quality may be compared to the game 
of tic-tac-toe, in which 2 players, in turn, fill in 9 com- 
partments, 1 at a time, with X’s and O's. The best paper 


fills in all the blocks—covers all the bases—and in addition 
lines up 3 X’s in a row (see the figure below), signifying 


focus and clarity. A row of zeros indicates that the manu- 


script provides an essentially negative observation. A — 
manuscript also can have all the blocks filled in but no — 
symbols lined up in a row, indicating a lack of clarity and — 


TA 


TA 
. 


focus. The worst paper fails to fill in 1 or more compart- 


ments with either symbol (omissions of mention) and none 


line up in a row, an indication that the author has failedto 
mention all the points necessary to prove his case andto 


focus the points properly. 





Editor-in-Chief . 


William C. Roberts, MD 


Serum K+ and BUN should be 


checked periodically (see Warnings). 


Before prescribing, see complete prescribing information 
in SK&F CO. literature or PDR. The following is a brief 
summary. 





WARNING 

This drug is not indicated for initial therapy of edema or 
hypertension. Edema or hypertension requires therapy 
titrated to the individual. If this comoination represents 
the dosage so determined, its use may be more con 
venient in patient management. Treatment of hyperten- 
sion and edema is not static, but must be reevaluated 
as conditions in each patient warrant 





Contraindications: Concomitant use with other potassium- 
Sparing agents such as spironolactone or amiloride. Further 
use in anuria, progressive renal or hepatic dysfunction, hyper- 
kalemia. Pre-existing elevated serum potassium. Hypersen- 
sitivity to either component or other sulfonamide-derived 
drugs 


Warnings: Do not use potassium supplements, dietary or 
otherwise, unless hypokalemia develops or dietary intake 
of potassium is markedly impaired. If supplementary potas- 
sium is needed, potassium tablets should not be used. Hyper- 
kalemia can occur, and has been associated with cardiac 
irregularities. It is more likely in the severely ill, with urine 
volume less than one liter/day, the elderly and diabetics With 
suspected or confirmed renal insufficiency. Periodically, 
serum K+ levels should be determined. If hyperkalemia 
develops, substitute a thiazide alone, restrict K* intake 
Associated widened QRS complex or arrhythmia requires 
¿Prompt additional therapy. Thiazides cross the placental 
barrier and appear in cord blood. Use in pregnancy requires 
weighing anticipated benefits against possible hazards, in- 
cluding fetal or neonatal jaundice, thrombotytopenia, other 
adverse reactions seen in adults. Thiazides appear and tri- 
amterene may appear in breast milk. If their use is essential, 
+ the patient should stop nursing. Adequate information on use 
® children is not available. Sensitivity rgactions may occur 
in patients with or without a history of allergy or bronchial 
asthma Possible exacerbation or activation of systemic lupus 








erythematosus has been reported with thiazide diuretics. 


Precautions: Do periodic serum electrolyte determinations 
(particularly important in patients vomiting excessively or 
receiving parenteral fluids, and during concurrent use with 
amphotericin B or corticosteroids or corticotropin [ACTH]) 
Periodic BUN and serum creatinine determinations should 
be made, especially in the elderly, diabetics or those with 
suspected or confirmed renal insufficiency. Cumulative 
effects of the drug may develop in patients with impaired 
renal function. Thiazides should be used with caution in 
patients with impaired hepatic function. They can precipitate 
coma in patients with severe liver disease. Observe regularly 
for possible blood dyscrasias, liver damage, other idiosyn- 
cratic reactions. Blood dyscrasias have been reported in 
Patients receiving triamterene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and aplastic and hemolytic 
anemia have been reported with thiazides. Thiazides may 
cause manifestation of latent diabetes mellitus. The effects 
of oral anticoagulants may be decreased when used con- 
currently with hydrochlorothiazide; dosage adjustments may 
be necessary. Clinically insignificant reductions in arterial 
responsiveness to norepinephrine have been reported 
Thiazides have also been shown to increase the paralyzing 
effect of nondepolarizing muscle relaxants such as tubo- 
Curarine. Triamterene is a weak folic acid antagonist. Do 
periodic blood studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post-sympathec- 
tomy patients. Use cautiously in surgical patients. Triamterene 
has been found in renal stones in association with the other 
usual calculus components. Therefore, ‘Dyazide’ should be 
used with caution in patients with histories of stone formation. 
A few occurrences of acute renal failure have been reported 
in patients on ‘Dyazide’ when treated with indomethacin 
Therefore, caution is advised in administering nonsteroidal 
anti-inflammatory agents with ‘Dyazide’. The following may 
occur. transient elevated BUN or creatinine or both, hyper- 
glycemia and glycosuria (diabetic insulin requirements may 
be altered), hyperuricemia and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali reserve with possible meta- 
bolic acidosis. ‘Dyazide’ interferes with fluorescent measure- 
ment of quinidine, Hypokalemia is uncommon with ‘Dyazide 


p 1 usually consists of an initial phase (a diuretic _ 
alone), a titration phase (dosage adjustment and/or 
addition of a K+ supplement or K*-sparing 
agent), and a maintenance phase (a diuretic alone 
or in combination with a K* supplement or 
K+ -sparing agent) 





but should it develop, corrective measures should be taken 
such as potassium supplementation or increased dietary 
intake of potassium-rich foods. Corrective measures should 
be instituted cautiously and serum potassium levels deter- 
mined. Discontinue corrective measures and ‘Dyazide' should 
laboratory values reveal elevated serum potassium. Chlore 
deficit may occur as well as dilutional hyponatremia. Con, 
current use with chlorpropamide may increase the risk of 
severe hyponatremia. Serum PBI levels may decrease with- 
Out signs of thyroid disturbance. Calci excretion is 
decreased by thiazides, 'Dyazide’ should be withdrawn before 
conducting tests for parathyroid function 


Thiazides may add to or potentiate the action of other anti 
hypertensive drugs 


Diuretics reduce renal clearance of lithium and increase the 
risk of lithium toxicity, 


Adverse Reactions: Muscle cramps, weakness, dizziness, 
headache, dry mouth; anaphylaxis, rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; nausea ‘ 
and vomiting, diarrhea, constipation, other gastrointestinal 
disturbances; postural hypotension (may be aggravated by 
alcohol, barbiturates, or narcotics). Necrotizing vasculitis, 
paresthesias, icterus, pancreatitis, xanthopsia and respiratory 
distress including pneumonitis and pulmonary edema, 
transient blurred vision, sialadenitis, and vertigo have 
occurred with thiazides alone. Triamterene has been found 

in renal stones in association with other usual calculus com- 
ponents. Rare incidents of acute interstitial nephritis have 
been reported. Impotence has been reported in a few patient 

on ‘Dyazide’, although a causal relationship has not been 
established 


Supplied: Bottles of 1000 capsules; Single Unit Packages 
(unit-dose) of 100 (intended for institutional use only); in 
Patient-Pak™ unit-of-use bottles of 100. 


SKSF CO. 


a SmithKline company 
Carolina, P.R. 00630 
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State of the Heart A-V Sequential Pacing. 


Introducing the most flexible A-V Sequential Pacemaker. 


Small. 

Physiologically sized and shaped for maximum 
patient comfort. Byrel-SX™ weighs just 52 grams. 

Smart. 

The most programmable A-V sequential pacemaker. 
Byrel-SX™ is a non-committed system, and features 
Ventricular Safety Pacing to provide: 

= Programmable A-V Intervals 

a Ventricular inhibition 

Friendly. 

Byrel™ brand pacemakers have long been known 
for their dependability, reliability, ease of programming, 
and ease of follow-up. 


These are Medtronic differences physicians recognize 
and need. 


The new Byrel-SX”", leading the way in A-V Sequential 
pacing. For further information call toll free 1-800-328-2518. 


Medtronic 3 . 


Discover the Difference 
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g! erator has a wits range of 
$ g manent cardiac pacing orto protect 
t ar nythmias related to the sequendo: of cardiac impulee: propaga- 


sequential OvD modë, the Model 5993.8K has application in 
the following: 
Sick Sinus Syndrome (sinus brady-cardia, sinus arrest, SA block, and 
the brady-tachy syndrome). 
Vnodal reentrant tachycardias. (Short A-V interval settings may be 
seful in controlling reentrant tachy-cardias. ) 
Atrial and ventrioular ectopic arrhythinias. 
; time, the Modél 5993-8X oan be programmed to the VVI mode in 
case the device functions as a ventricular inhibited pulse generator. 
ode is intended primarily asa backup mode in situations where it is 
ary to disable the atrial circuitry (eg. atrial lead malfunction). 
K: The Medtronic® Model 993-8X A-V.pulse generatoriaunderclinical 
stigation. The procedures for using this. pulse generator, as well as ite 
afety and efficacy, will be evaluated during this investigational study 
according to the Clinical Investigation Protocol. Therefore, the “Intended 


Uge" sectionis based on Medtronic’s experience with other physiologic. ` 


pulse generators. No claims for safety and efficacy can be made for the 
odel 6903-SX pulse generator during its clinical investigation. Patiente 
ould bevadvised that the Model 5903- 8x generator is under clinical 


ere are no known contraindications to the use of pacing as a therapeutic 
dality for control of heart rate. The patient's age anid medical condition, 
wever May dictate the particular pacing system, mode of operation,and 
plantation procedure used by the physician. In the DVI mode, atrial 
acing 16 ineffective in the presence of ochronie atrial fibrillation of flutter. 
nermy. should not be used on patients with pacemakers because of 
ible heating effects in the pulse generator and at the implant site. 
surgical units should never be used in the vicinity of unipolar pulse 
tors because of danger of introducing fibrillatory currents into the 
a the implanted pulse generator/lead. Pulse generators may be 


ed. y defibrillatery discharges: if the paddles are Placed over.the = 


id pulse generator 


ing a magnet orthe programmer overthe pulse generator makes it 


ject to programming. Do not use electrocautery, diathermy, orany other 
ee of electromagnetic interference in the vicinity of the patient once a 
et or programmer has been positioned over the pulse generator. 


A UTIONS 

physician should be aware that ‘all pulse generators will ultimately 

je to function due to dell depletion, and may fail. at any time due to 
dom component or battery failures which cannot be predicted prior to 
lure, Also that the pacing system may cease to function at any time due 
lead-related problems such as displacement, fracture; fibrotic tissue 
mation elevated thresholds. and medical complications, and that proper 
operation may be affected by electrical interference from certain electrical 


varve stimulation, infection, erosion E pulse generator/ lead Snrough skin, 
‘ansvenous Teno roi ted: Mirombonts, embolism and cardiac tamponade. 


- Ventricular Demand 


For more information, write: 
Physician Information, Services. 
Medtronic, Inc. ae 
Business and Technology Center : 

+ "RO. Box 1468. 
Minneapolis, MN 55440 
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Two added 
strengths 
for ease 

of titration. 


The new 5 cm? size. 


Nitro-Dur™ (nitroglycerin) is the only transdermal 


nitroglycerin with four dosage strengths—5, 10, 15 and 
20 cm? (approximately 2.5 mg, 5 mg, 7.5 mg and 10 mg 
released in 24 hours), permitting titration in increments 
of 5 cm. This gives Nitro-Dur greater dosage flexibility 


than any other form of transdermal nitroglycerin. 


Nitro-Dur also has a sophisticated product design 
which includes a wide, microporous adhesive strip. 


The strip insures firm matrix-to-skin contact and helps 


keep the system sealed and in place. 


Greater dosage flexibility and better adhesion. Two 
reasons why Nitro-Dur is the most widely prescribed 


transdermal nitroglycerin system. 


Nitro-Dur 


(nitroglycerin) 


Transdermal Infusion System 


The most widely prescribed 


transdermal nitroglycerin system.. - 


Please see next page for a summary of prescribing infosmation:, 


"er 





DESCRIPTION: The Ni 
tem contains ni a 
of glycerin, water (purified), ji 
“povidone and sodium citrate to provi 
source of the active ingredient. Nitro-Dur is available ©. 
in hi sizes 5em”, aom ‘Som? and zooms, 


ur hasa Ped 
g/em?/24 hours: 
ene lami- 
ate. The bandage portio ical grade 
woven, heat sealable, imer tape. 
. hen the: Nitro-Dur sys- 
lycerin.is absorbed 


tion. This results in active drug reaching the target 
f organs (heart, extremities) before deactivation by the 
liver: Nitroglycerin is a smooth muscle relaxant with 
asculat effects manifested predominantly by venous 
~~ dilation. and pooling. The major beneficial effect of 
; in in angina pectoris is a reduction in:myocar- 
oxygen consumption secondary to vascular smooth 
scle relaxation with resultant reduction in cardiac 
eload and afterload. In recent years there has been an 
ing recognition of a direct vasodilator effect of 
nitroglycerin on the coronary vessels. 
oe (a) Noavailabilty studies,‘ transdermal absorption of 
‘ogiycerin fom the gel-like matrix achieved stea 
State venous plasma levels comparable to that of sub- 
;:Rogual nitroglycerin and maintained these levels tor 24 
- hours. Therapeutic effect is achieved within 30 minutes 
~after application of the unit, and persists about 30 
minutes atter removal of the unit. 
INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 
- CONTRAINDICATIONS: Intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
or increased intracranial pressure. 
WARNINGS: The Nitro-Dur system should be used under 
careful clinical and/or hemodynamic monitoring in pa- 


- “tents with-acute myocardial infarction or congestive 


heart failure, 
In terminating treatment of angina patients, both the 


< Gosage and frequency of application must be gradually 


< reduced over a period of 4 to 6 weeks in order to prevent 
“Sudden withdrawal reactions, which are characteristic of 
‘all: vasodilators in the nitroglycerin class. 
_ PRECAUTIONS: Symptoms of hypotension, such as 
- faintness, weakness.or dizziness, particularly orthostatic 
< hypotension, may be due to overdosage. If during the 
» eourse of treatment these symptoms occur, the dosage 
“should be reduced. 
; Nitro-Dur i s not intended for usein the treatment of 
acute anginal attacks. For this purpose, occasional use 
“of sublingual nitroglycerin may be necessary, 


"ADVERSE REACTIONS: Transient headache is the most 


common side effect, especially when higher doses of the 
ag are administered. laches. should.be treated with 
: analgesics while continuing Nitro-Dur therapy. If head- 
: ache he pareists, the Nitro-Dur dosage should be re uced, 
$ eactions reported less frequently include 
eae Aner heart rate, faintness, meng, 
~ dizziness, nausea, vomiting, and dermatitis. Except for 
: dermatitis, these symptoms are attributed to the phar- 
macologic ‘effects of nitroglycerin. However, they may 
je symptoms of overdosage. When they persist, the 
Nitro-Dur dosage should be reduced or use of the 
product discontinued. 
HOW SUPPLIED: Nitro-Dur Transdermal infusion System, 
sary 10em?,; cin and 20cm?, is available | inunit: 
i dose packages of 28. 
eee Federal. law prohibits dispensing without a. 


rescri 
TIENT. INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each unit dose package. 


For complete prescribing information, please s 
package insert. 
‘Data-on file: Key Pharmaceuticals; Inc. 1082 


Kz PHARMACEUTICALS, INC. 
Florida 33169- 
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new book on the 


: e silent killer 


ERTEN SION 


“Edited by 
John H. Laragh, MD 


Master Professor of Medicine 

Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 

< Hospiial- Cornell Medical Center 

644 pages. 36 chapters by 85 
internationally known spe- 
cialists. INustrated. Compre- ; 
hensively indexed. $49.00... 

; Available on 30-day approval. 


High blood pressure is no longer only aproblem of world- 
wide interest and relevance. lis now one inm which the: 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice:..and-can apply, to an ever-increasing 
extent, more eee and, ndividually ta 
therapies... ; 


Laragh’s TOPICS IN HYPERTENSION place 

of vital knowledge within instant reach of the phys 

It presents a carefully selected array of discu 

deals in depth with recent breakthroughs in. under and- 
ing, diagnosing, and treating this problem. : 


This book is conveniently organized for effective consul ; 
tation-and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approsehes to 
diagnosis... 


* Section 3 discusses new perceptions:of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more: recently intro- > 
duced modes of therapy. These new agents presage | the 
beginning of a new era of more selective ands 
therapy for increasing numbers of patients. 

se OO 

YORKE MEDICAL BOOKS _ANCAS 

Box C-757, Brooklyn, ‘New York 11205 : 


Send-me, on approval, e aa coples of Laragh’: 
00 wilt Sorel ey read 


ches 


|! Send bill, ‘plus shipping cost, 
iJ Paymer herewith. Publisher pays shipping. Same return 
privilege. 
es my 
| Card No. 


CAY eT : 


Please add Sales Tax in N.Y State. Outside Western Hemisphere ~ 
price is $87.00 and prepayment or credit card number is aurea: 
Thank you. ; ieee: 





The Ame rican Jou rnal of d 


Exercise 2-Dimensional Echocardiography. Quantitation of Lett Ventricular Perform nce in Patients 
$ mh Severe Angina Pectoris ae E 


i i (40%) and more patients were angina-free. Long-term survival appeared to be ‘hl ted 
ne ly through improved. revascularization rather than differences in left ventricular function. a 


e a Exercise duration was prolonged and the time of aa of 1 mm S-T segment depression Pied 
din 15 pa ients. ae the double-blind phase (weeks 7 to 10), resting HR, poek exercise HR, and, 


| h initial placebo. : 
performance com- 
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THE ALPHA” 
UNIVERSE 


18 the Catapres’ universe of 
central alpha control for 
all kinds of hypertensives 


No contraindications** to Catapres — 
you can prescribe it for: 


e Asthmatic hypertensives 
Does not act directly on beta: receptors of 
the lungs (blocking these receptors induces 
bronchospasm). 


e Diabetic hypertensives 
Lowers blood pressure without impairing oral 
antidiabetic effectiveness. 


e Hypertensives with renal insufficiency 
Lowers blood pressure without long-term 
reduction of cardiac output. (Does not 
reduce renal perfusion or GFR.) 


¢ Hypertensives with congestive heart failure 
Does not depress myocardial contractility. 


e Stress-induced hypertension 
Inhibits sympathetic nervous activity 
centrally and does not elevate plasma 
catecholamines. 


e Elderly hypertensives 
Recommended in isolated systolic 
hypertension in the elderly. 

“Central alpha-adrenergic stimulation decreases sympathetic 
outflow from the brain, as shown in animal studies. 


**Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 


1. Statement on Hypertension in the Elderly, Revised April, 
1980. Approved by the National High Blood Pressure 
Education Program Coordinating Committee 


Catapres | 
(clonidine HCl) a 
Hypertension 


F e. 
Please see brief summary of PI for warnings, precađtions, and 
adverse reactions. 
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(clonidine HCI) 


Hypertension . 


Catapres® 


(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 
Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 
Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 
Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 
Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 
Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
ayy. recent myocardial infarction, cerebrovascular disease or chronic renal 
ailure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 


ophthalmologic findings have been recorded with Catapres (clonidine hydro- 


chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, Raynaud's phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 monies to 5 years of age. 
Gastric lavage and administration of an analeptic &nd vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 

. 30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. ° 


„How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100.. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100." 

or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 
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The Alpha Universe, a painting by Arthur Lidov, commis- 
sioned by Boehringer Ingelheim Ltd. 


Lidov’s work, the second in a series on central alpha action, 
interprets the Alpha Universe on many levels...the universe 
of patients who can benefit from the central alpha control of 
Catapres...the special world of patient/clinician interaction... 
the internal universe within each patient that determines or 
modifies his therapy...and the universe of medicine itself. 
Lidov is a painter whose art invites us to share his own fasci- 
nation with the creativity inherent in science. 


If you like this painting, we would be pleased to send you a 
handsome reproduction suitable for framing...with our 
compliments. 
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Ridgefield, CT 06877 
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; se alcion it traction than in normal subjects. This also re- 
ized by the R-R interval. Although the exercise time to peak 
pee these differences were not apparent. when the i in- 








































was Cardiovascular responses were Jaesossodi in 47 patients. with reduced left ventricular function and widayy carving 
: exercise tolerance. Maximal aerobic. capacity was expressed as multiples of the resting oxygen consumption. 
ao (VOs), or Mets. Radionuclide ejection fraction (EF), end-diastolic: counts (EDC), stroke counts, and count output 
os (CO) were measured at rest and during exercise: arteriovenous oxygen difference was derived from VO and co. 
ee Exercise performance was reduced in patients compared with normal controls, and was limited by a poor COre- 
<; sponse, since arteriovenous oxygen difference increased normally. The reduced co response in. patients re. 
“sulted from failure of EF to increase or a diminished chronotropic reserve, or both. The resting EF in patients: “ee 
ranged from 0.09 to: 0:36, but was. unrelated: to the variable Mets achieved in the group. Analysis of exercise re- 
` sponses identified changes in heart rate, CO, and arteriovenous oxygen difference, but not EF or stroke counts, 
-< as important determinants of Mets. The variable exercise performance among patients with severe left ventricu- eee 
dar dysfunction was determined predominantly by variable heart rate and arteriovenous oxygen difference te : . os 
: sponse: rather than by rest or exercise indexes of left ventricular function. eee 











; Determinants of Ventricular Tachycardia in Patients With Coronary Artery 0 Disease and Ventricular gs 
“Aneurysm. Clinical, Hemodynamic, and Angiographic Factors 


MARC. COHEN, ISAAC WEINER, AUGUSTO PICHARD, JAMES HOLT, HARRY. SMITH, J. „~ and 
“RICHARD GORLIN ` 


In order to determine which factors are associated with the development of ventricular tachycardia in patients 
with ventricular aneurysms, the records of 154 patients with coronary artery disease and ventricular aneurysms. 
‘were reviewed. Eighty-five of these patients had Holter monitoring or continuous electrocardiographic monitor- == ~ 
ing-within 6 months of catheterization: Nineteen patients had ventricular tachycardia and 66 did not. There were 
-ccno significant differences in the 2: groups with respect to age, time from first myocardial infarction to catheteriza- 
-. tion, congestive heart failure, or ejection fraction. Patients with ventricular tachycardia had significantly larger 
a aneurysms and a much higher prevalence of septal akinesia.’ 





on ) Exercise io to the Recu nce Rate of Myocardial Infarction in Man. Ontario Exercise-Heart 


PETER / A.  RECHNITZER, DAVID A (CUNNINGHAM, GEORGE M. ANDREW, CAROL W: BUCK, NORMAN i. 
L. JONES, TERENCE KAVANAGH, NEIL B. OLDRIDGE, JOHN O. PARKER, ROY J. SHEPHARD, JOHN 
Re SUTTON, and ALLAN Pv DONNER 


The Ontario Exercise-Heart Collaborative ‘Study was a randomized clinical trial for the prevention of recurrent 

>. infarction in men under "56 years of age. Three hundred seventy-nine.men were assigned to a high intensity exer 
=“ cise program designed to produce a significant training effect, and 354 men were allocated to a low intensity ex- 
: Preise program structured. to produca a a minimal training effect. The trial was strannied for blue collar raceupe tens 


© Continued on Page A27: 
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Introducing Plus 2, A Revolutionary Portable Ultrasound 
System Offering High Quality M-mode And 2-D Imaging. 


Now conduct echocardiography studies in your ultrasound system is less than half 






office, clinic, or CCU. Plus 2 is the only dual pur- the cost of other systems offering 
pose echo system that’s so portable it can go comparable diagnostic capabili- 
wherever you go. ties. And Plus 2is backed by Picker 

Picker International has combined the latest International Regional Service 
microprocessor and ultrasound technology in a Centers worldwide, giving you 
lightweight unit that is dramatically smaller and prompt, dependable service. 
more versatile than competitive unifs. In clinical Socometothe Source for por- 
situations you can have this powerful diagnostic tability in ultrasound systems. 
tool at bedside for your critically ill patients. And, Call your Cambridge represen- a | 
you can easily take Plus 2 on the road with you for tative today. Or contact the Cam- í 
examination of patients in localities where equip- bridge Division, Picker International, 
ment is not available. Inc., 73 Spring Street, Ossining, NY 


Best'of all, Picker International's Plus 2 portable 10562. Tel: 914/941-8100. 







The Second Issue of the New Annual providing a multidisciplinary 
_approach to the latest, most important information on the state- ' 


medicine and surgery 






of-the-art of cardiovascular 





What is CARDIOLOGY 1982? 
The second in an annual series to be published in the 
: SPRING each year 

© A review ofthe year’s newest and most important 
developments in cardiology — 665 papers 


A multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year’s 


unique, cohesive summary of the state-of-the-art, 
ritten; not edited, by those making outstanding 
developments in the field 


A practical approach to a complicated and fast-moving 
bject designed to be read and used daily 


ARDIOLOGY:1982 is NOT 
A collection of unrelated reviews 
SAn abstracting service 
® A rehash of materials readily available elsewhere 


n E E M E E TE TE EE ho OTT T 
Yorke Medical Books, Box C-757, Brooklyn, New York 11205 


O Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a 





















Cardiology 
1982 


CARDIOLOGY: 1982 provides in a concise and readable format and 
style fundamental and new information essential to understanding the 
current thinking on managing cardiovascular disease: It coordinates. . 
whats new with well-established data, arming the reader with a per- 
spective on the field which is simply unavailable elsewhere. Its liberal 
use of illustrations and original tables condenses valuable information 
into instantly understandable knowledge. 


Reviews of the first edition 


“~Ffecommend...to any reader interested in the literature of cardiology.” 
Irwin R. Callen, MD; 8 
JAMA, November, 1981 


“it is more than merely a reference book, since it explains what to the 7 
average physician may be obscure....a treasure house of 1980 
publications. it is highly recommended.” 

Philip Reichert, M.D. 

New York State Journal of 

Medicine, September; 1981 


“This is an excellent book, very well organized and written...should be 

on the shelf of the library, cardiologist, and internist.” ~ 
COL. Robert B. Franklin; MC, USA ? 
Military Medicine, November, 1981 . 
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O Enclosed is my check for ... Yorke pays postage and handling. a 
(Same return privilege) i 
(New York residents add appropriate sales tax, Add $5.00 per book for orders outside the U.S. and Canada.) n 
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Exp. date Card No. mamaaa M/C Interbank No. - 
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The Source for — 
Stress Test Systems. 





Observer"...an Unbeatable Combination 
of Value and Capability 


Capability. This new computerized System con- 
tains everything you need to perform smooth, error- 
free stress tests. Observer™ offers three, twelve, 
and fifteen lead ECG write-outs, signal averaging 
to suppress muscle artifact and noise, automatic 
sequencing of treadmill and recorder, and more. 
During the test, ST level and slope; heart rate and 
R-wave amplitude are continuously computed and 
displayed. These measurements are accumulated 
and presented as trend graphs on the final report. 
Cursor controls enable the physician to set or repo- 
sition the ST measurement point without having to 
interrupt the test. . 


Sig oe 


Value. Observer™ has been engineered exclu- 


sively for the health care professional. Its versatile, 


modular design allows us to offer you a fully capa- 
ble system in a configuration that's especially 
suited to your particular laboratory and budgetary 
requirements. 

So, come to the Source for Stress Test Systems. 
And ask your Cambridge representative about 
Observer™ today. Or write or phone us direct at: 
Picker International, Inc., Cambridge-Medical 
Instruments Division, 73 Spring Street, Cesiping: 
NY 10562. Tel: 914/941-8100. / 


Consistent control counts.. 





n hypertension, too. 


LOPRESSOR” 


metoprolol tartrate 


For consistent BP control... 


.. during physical and mental stress 


Lopressor competes with catecholamines at beta- 
one receptor sites in the heart which usually 
lessens stress-induced rises in BP in hyperten- 
sive patients. 


.. throughout the day 


Generally provides continuous reduction in 
systolic and diastolic pressures, including good 
reduction during the night* 


.. with excellent patient acceptance 


Adverse effecis mostly mild and transient. Tired- 
ness, dizziness about 10%, depression, diarrhea 
about 5%. See brief summary of Prescribing 
Information on next page. 


*Mann S, et al. Clin Sci 1979; 57:375s-377s 
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gement of hypertension. it may be used alone’ 
or in combination with other antihypertensive - 
agents, especially thiazide-type diuretics. : 
Contreindications Lopressor is. contraindicated 
Y sinus bradycardia, heart block greater than. 
irst degree, cardiogenic shock, and overt càr- . 
c failure. (see: hg 















































| K canoe. heart raikie and beta. 
jes the potential hazard of further 
ial contractility and pre- 
failure.In hypertensive. 
o ave congestive heart failure con- 
gitalis and diuretics, Lopressor 

be administered cautiously. Both digitalis 
toprolol slow AV conduction. 

Without a History of Cardiac 
‘ontinued depression of the myocar- 
ith beta-blocking agents over a period of 
in Some cases, lead to cardiac failure. 





B; patients. should be fully digitalized 
dior be given a diuretic, and. the response 
served closely, If cardiac failure continues, 
espite adequate digitalization and diuretic, 
pressor therapy should be withdrawn. 
ic Heart Disease: Following ae ces- 


e cases, 'myocaral al infarction have been 
ted. Ever in the absence of overt angina 
oris, when. discontinuing ‘therapy, Lopressor 
should not be withdrawn abruptly; and patients 
should be cautioned against interruption of 
herapy without the physician's advice. 
jronchospastic Diseases: PATIENTS WITH 
RONCHOSPASTIC: DISEASES SHOULD IN 
ENERAL NOT RECEIVE BETA BLOCKERS. 
acause of its relative beta, selectivity, 
owever, Lopressor may be used with cau- 
lon in patients. with. bronchospastic disease 
G do not respond to, or cannot tolerate, 
er antihypertensive treatment. Since beta, 
electivity is not absolute, a beta,-stimulat- 
ng agent should be administered con- 
comitantly and the lowest possible dose of 
ietoprolol should be used. It may be pru- 
ent initially to administer metoprolol in 
maller doses three times daily, instead of 
rger doses two times daily, to avoid the 
ligher plasma levels associated with the 
longer dosing interval. (See Dosage and 
dministration.) 
Major Surgery: The necessity. or desirability. of 
jithdrawal of beta-biocking therapy prior to ma- 
r Surgery is: controversial..|t should be noted, .. 
however, that the impaired ability of the heart to 
pond to reflex adrenergic stimuli may aug- 
nent the risks of ie anesthesia and 





reversed by administration of 
dobutamine or-.isoproterenoi. 
ients may be subject to 
hypotension, Difficulty in re- 
3 taining the ‘heart beat has 

in reported with: beta blockers. 
tes ‘Mellitus: Beta-adrenergic blockade 
y mask symptoms of hypoglycemia (@.g., 
hycardia) and may: potentiate insulin-induced 
poglycemia. Lopressor should therefore be 
bed with caution in diabetic patients, especially 
nose with labile diabetes... 
hyrotoxicosis: Beta-adrenergic blockade may 
lask certain clinical signs (e.g. tachycardia) of 


void abrupt withdrawal of beta, blockade: 
Which ment precipitate a thyroid storm R 





effect when given. with beta-blocking agents. 


indications ‘Lbpiessdel is indicated in the man- oe Er 


erthyroidiem. Patients suspected of develop-. 
thyrotoxicosis should be managed carefully. 


| Interactions: Catecholamine-depleting 
rugs (€.g:, reserpine} may have an additive 


Patients treated with Lopressor-plus:a cate- 


< cholamine depletor should therefore be closely 
_ observed for evidence of hypotension and/or. 


marked bradycardia which may produce vertigo, 


“gyncope,.or postural hypotension. 


Long- -Term Animal Studies: Long-term studies: 
in animals have:been conducted to evaluate 


toxic effects and carcinogenic potential. ina 


one-year study in dogs, there was no evidence 
of drug-induced toxicity at or below oral doses’ 
of 105 mg/kg per day. ‘Two-year studies in rats 
at-three oral dosage levels of up'to 800 ma/kg 
per. day did not indicate an increase inthe 


development of spontaneously occurring benign 


or malignant neoplasms of any type. The only 
histologic changes which appeared tọ. be drug- 
related were an increased incidence of generally 
mild focal accumulation of foamy. macrophages 
in pulmonary alveoli and a slight increase in 
biliary hyperplasia. Neither finding represents 
symptoms of a known disease. entity in man. In 
a 21-month study in mice at three oral dose 
levels of up to 750 mg/kg per day, benign jung 
tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest 
dose than in untreated control animals. There 
was no increase in malignant lung tumors-or 
total (benign plus malignant) lung tumors; The 
overall incidence of tumors or malignant tumors 
was also unaffected by metoprolol 
administration. 

Usage In Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was 
evidence in the rat of increased postimplanta- 
tion loss and decreased neonatal survival 
(threshold between 50 and 500 mg/kg). Distribu- 
tion studies in-mice confirm exposure of the 
fetus when metoprolol is administered to the 
pregnant animal. There are no well-controlled 
studies in pregnant women, Lopressor should 
be-used in pregnant women only when clearly 
needed. 

Nursing Mothers: It is not known whether this 
drug is.excreted in human milk. Since most 
drugs are excreted in human milk, nursing 
should_not be undertaken by mothers receiving 
metoprolol. 

Usage in Children: Safety and effectiveness in 
children have not been established. 

Adverse Reactions Most adverse effects have 
been mild and transient. 

Central Nervous System: Tiredness and dizzi- 
ness have occurred in’about 10 of 100 patients. 
Depression was reported in about 5 of 100 
patients. Headache, nightmares, and insomnia 
have also been reported but drug relationship ‘is 
not clear, 

Cardiovascular: Shortriess of breath and. bra- 
dycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insuffi- 
ciency, usually of the Raynaud type; palpitations 
and congestive heart failure have been re- 
ported. See Contraindications, Warnings, 
and Precautions. 

Respiratory: Wheezing (bronchospasm) has. 
been reported in less than 1 of 100 patients. 


i See Warnings. 


Gastrointestinal: Diarrhea has occurred in 
about'S of 100 patients. Nausea, gastric pain, © 


constipation, flatulence, and heartburn. have pi 


been reported in. of 100 or less. 


Allergic: Pruritus has occurred in less than 


1.0f 100: patients. 

Miscellaneous: Peyronie's disease has been 
reported in less than 1 of 100,000 patients. : 
The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been 
reported with Lopressor during investigational. 
use and foreign marketing experience. 

















gi f 
ered potential ad- 


i j : Reversible mental f 
depression | progressing to catatonia: visual dis: 
turbances; hallucinations: an acute reversible 


“ syndrome characterized: by disorientation for 
_ time and place, short-term memory loss, emo- 


tional- Jability, slightly clouded sensorium, and ~ 
decreased performance on neuropsychometrics. ` 
Cardiovascular: Intensification of AV block (see 
Contraindications). i 

Hematologic: Agranulocytosis, nonthroms” oe 
bocytopenic purpura, thrombocytopenic purpura: 
Allergie: Erythematous rash, fever combined: 
with aching and sore throat, laryngospasm and 
respiratory distress. ; 
Miscellaneous: Reversible alopecia. 

Clinical Laboratory: Test Findings: Elevated 

blood. urea lavels in patients with severe heart 
disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase. 

Dosage and Administration Dosage of 
Lopressor should be individualized. The:usual.”: 
initial dose is 50mg twice daily whether used 
alone or added to a diuretic. The dosage: may 

be increased at weekly: (or longer) intervals until: 
optimum blood pressure’ reduction is achieved. : 
In general, the maximum effect of any given ` 
dosage level will be apparent-after one week òf 
therapy. Usual maintenance dosage is approx- 
imately:100 mg twice a day; with a range of 100: 
to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily 
dosing i is effective and can maintain a reduction: 
in blood pressure throughout the: day, some 
patients, especially when lower dosages are 
used, will experience a modest rise- in blood -- 
pressure toward the end of the 12-hour dosing _ 
interval. This.can be evaluated by measuring. 
blood pressure near the end of the dosing inter 
val to determine whether satisfactory control'is: 


» being maintained throughout the day. ff control 


is not adequate, a larger dose, or three times 
daily therapy, may achieve bettér control: Beta, :; 
selectivity diminishes as dosage of Lopressor i is 
increased. © 
This drug should be stored at-controlied room ee 
temperature and protected from: moisture. 

How Supplied Tablets of 50 mg {capsule- 
shaped, scored, light red, film-coated) and 

100 mg (capsule-shaped, scored, light blue, 
film-coated): are supplied in bottles of 100 and 
1,000 and Unit Dose Packages of 100. 

Store at controlled room temperature and pro- 
tect from moisture. 

Dispense in tight, Jight-resistant container use 


C80-82 { 12/80) 


Consult complete product literature before 
prescribing. 
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pertension, angina; and type A behavior personality. The mean toliow-up p od was 3 jA 
was 45% in each group. The relative risk of recurrence over 4 years. the high i tensity 


4 lation. 


blue collar occupation were significant A a of o angina was al 
$ were excluded. identification of subgroups with an increased likelihood of a 


2 DAVID A. RICHARDS, DAVID V. CODY, ALAN R. DENNISS, PAUL | 
omand JOHN B. UTHER 


A standardized protocol of right ventricular arene stimulation was us 
ue ‘stability in-165 patients 6 to 28 days after acute myocardial infarction. Patien 
“sor sustained (> 10 seconds) ventricular tachycardia (VT) was induced (38) v 
The remainder n were classified as stable A aS The clinical profiles of th 


"WALLER, BRUCE M. McMANUS, H. JOEL GORFINKEL, JOAN c. KISHEL, EDWARD 
_ KENNETH M. KENT, and WILLIAM C. ROBERTS 


area of the PTCA in each patient was narrowed 76 to 95% in cross-sectional area by. atheroscle 
Ne cracks in plaques or other lesions which may have resulted from the PTCA procedure were id n 
: logically i in the LAD: coronary artery of any patient. es 


o survived a cardiac. arrest due to ET hea 6 or ven 
ular stimulation induced sustained VT in 58% and nonsustained VTi 


esting with h. conventional antiarrhythmic drugs was disappointing wi 
%) had 


| Continued on n Page A28 


































Quinidine for Ventricular Arrt ythmias: Value ot Elecirophystologic Testing 
EE JOHN: P. DIMARCO, HASAN GARAN, and JEREMY N. RUSKIN - 


` Eighty-nine patients with a history of ventricular tachycardia (VT) or ‘ventricular fibrillation in response to pro- 

grammed cardiac stimulation received quinidine i in an attempt to suppress their arrhythmias. Quinidine ata mean. 

serum concentration of 2.9 + 0.8 ug/ml suppressed the initiation of VT during repeated ventricular stimulation i 

ai uin 30 of these patients. In an additional 8 patients, quinidine plusa second antiarrhythmic drug prevented: thè initi 

vation of VT by ventricular st imulation. During chronic therapy, 32 of these 38 patients remained free of recurrent 
arrhythmia, while 3. had a Clinical rec rence and 3 were. forced to discontinue quinidine because of adverse ef- 
ta demonstrate that y patients are selected for chronic therapy on the basis of Placitophysio- 
( quinidine « can provida long-term protection against recurrent arrhythmias. 








6 Enhanced Parasympathetic Tone Shortens Atrial Refractoriness in Man 


ee ERIC N. PRYSTOWSKY, GERALD V. NACCARELLI, WARREN. M: JACKMAN, ROBERT L: 
cal RINKENBERGER, JAMES J. HEGER, and DOUGLAS P. ZIPES 


i Twelve patients were. studied to determine the effects of enhanced vagal tone on human right atrial retractor : 

` ness. A lead neck collar connected to a vacuum source was placed around the patient's neck, and neck suction: 

produced enhanced vagal tone. Atrial refractory periods were determined during high right atrial pacing. Induced 

neck suction increased spontaneous sinus cycle length from 837 + 96 to 1,136 + 273.ms (p <0.001) and short- 

“.. ened the atrial effective refractory period from 241.4 24 to 230: 20 ms (p:-<0.01) and the atrial functional ree. 
 fractory period from 272 + 32 to 262 + 29 ms (p <0.01). In 2 patients collar-induced decreases in atrial refrac-__ 

a toriness and increases in spontaneous cycle length were prevented after atropine (0.03 mg/kg intravenously) 

was. given. We conclude that enhanced vagal tone mediated through muscarinic receptors shortens atrial refrac- 

Ne tory paa! in man. 





: Effect o of Local Lidocaine Anesthesia on Ventricular Escape Intervals During! Permanent Pucensaker 
ae Implantation in Patients With Complete Heart Block 


T BERNARD: D. KOSOWSKY, SHAHID: 1. MUFTI, GURINDER S. GREWAL, RICHARD H. S: MOON, W. 
LINDA CASHIN, JOHN O. PASTORE, and K. RAMASWAMY 





“The role of subétitaneous lidocaine anesthesia in the occurrence of transient asystole during. permanent pace- 

maker implantation. was studied in 9: patients with complete heart block. Ventricular escape intervals were. mea- 

sured before and 10, 30, and 45 minutes after subcutaneous lidocaine administration for permanent pacemaker 
implantation. The total lidocaine dose ranged from: 170 to 400 mg. Therapeutic blood levels were achieved in 7 

patients. The mean ventricular escape interval before lidocaine was 2.06 + 0.30 seconds, which increased to 

3,80 + 1.44 seconds (p <0.01). The percent increase in maximal escape interval was directly related to the 

» peak lidocaine level achieved. After lidocaine administration, 5 patients had asystole >4 seconds. Thus, subcue nee 

` taneous lidocaine contributes to the occurrence of asystole seen during permanent pacemaker implantation ne 

even in the absence of previous asystole, : r 





105 Relation Between Late Potentials on the Body Surface and Directly R Recorded Fragmented 
actrograms in Patients With Ventricular Tachycardia 


MICHAEL B. SIMSON, WILLIAM J. UNTEREKER, SCOTT R. SPIELM AN 
NORMAN H. MARCUS, RITA A. FALCONE, ALDEN H. HARKEN 















ae ‘The relation. BetNGen directly recorded electrogrems and late potenti corded on the body surface with a a ae 
~ nal-averaged electrocardiogram was studied in 8 patients with and 11 patients. without ventricular tachycardia” 
(VT). Four patients without VT, gach with a previous myocardial infarction, had fragmented endocardial-electro- 
"grams; the latest electrogram for each patient ended 87 + 8 ms after QRS onset within the high amplitude por- 
‘tion of the filtered QRS complex. All VT patients had fragmented electrograms recorded, , predominantly fromen- ey 
< docardial sites; the latest fragmented electrogram for each patient ended 161 + 40 ms after QRS onset. Late por E 
oy Ee tentials. recorded i in'6 patients with VT and were shown to correlate | in time with fragmented electrographic activ. 
Mee a: ity: Two VT patients, did not have late: potentials; 1 had left bundle branch block; „ang the other had brief fragment- 
a _ed electrograms. The late potential recorded on the body surface corresponds to delayed and oe elec- 
: Fogaphic activity. i ; a i 
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The Burdick E 2u0 doesn’t ask you to believe it’s 
functioning correctly. It proves it ty generating a sequence 
of test data, on command, for your evaluation. 

The single-channel E 200 tests seven vital functions — 
sensitivity, timing printhead, alphanumeric printhead, 
time-constant, baseline shift, frequency response and paper 
speed. And the microprocessor technology that makes the 
automatic E200 so easy to operate also performs its own 
internal checks. 

The E 200 features a unique Touch-Entry keyboard 
with the latest in membrane switches, and each 


Touch-Entry key has an embossed frame for easy location. 
This ECG even responds with a ‘beep’ to acknowledge your 
commands, > 

_ During operation, the E200 labels each lead clearly, © 
notes sensitivity and filter setting, and prints a code of up 
to ten digits for positive patient identification. 

How much do all these advanced features cost? Less 
than you'd expect. That’s the Burdick commitment to 
deliver the latest in cardiograph technology at affordable 
prices. 

To find out more about ‘The Easy ECG’, just ask. 


You can make sure 
"The Easy ECG' is working properly. 


Just ask it, 











i 
n treadmill tests, DILATRATE-SR produced a 17% 
ncrease in mean total exercise duration within 2 hours; 
after 8 hours the increase was 20%. 






. 20% increase in duration of treadmill exercise means 

nother minute or two at higher speed on a steeper 
line. When mean work performance was calculated, 

DILATRATE-SR provided a 47% increase at 8 hours. 
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OOF: 8-hour antianginal activity” 
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Exercise duration and work capacity 
increased for a full 8 hours in angina patients* 
In a double-blind, placebo- -controlled study involving pation 
with chronic stable angina, significant improwement in exs- 
cise capacity was sustained for eight hours following admin- ý 
istration of one 40 mg DILATRATE-SR capsule. ' me 
This is the first study to demonstrate that a sustained- % 
release nitrate formula can provide clinical effectiveness for - 
a full eight hours. And, the advantage over placebo did not — 
appear to be decreasing at the end of eight hours. ie 


Increases in exercise tolerance translate a 
into true patient benefits a 
Exercise tolerance tests provide objective measurements o as 
improvement in work capacity that can be correlated with t vad 
anginal patient's daily activities. These results demonstrate oA | 
that DILATRATE-SR can provide a positive impact on your i 
patient's lifestyle. 


Clinical support of plasma level studies 

This clinical study supports previous blood assays which 
demonstrated that DILATRATE-SR provides significant 
plasma levels of ISDN for up to 12 hours.’ 











A unique method of delivering isosorbide dinitrate 
DILATRATE-SR employs a unique delivery system — an 
advanced microdialyzing membrane that releases ISDN at 
a steady rate independent of gastric pH and enzymes. The | 
water-activated membrane continually adjusts permeability w 
to maintain constant nitrate release. % | 


DILATRATE-SR simplifies antianginal therapy 
The proven sustained activity of DILATRATE-SR offers 
anginal patients convenient b.i.d. dosage and can reduce í 
the need for sublingual nitroglycerin. 
*Please see brief summary of full prescribing information on 
following page. For full prescribing information, consult = 
package insert. ae 
References: a 
1. DiBianco R et al: Effects of a new oral slow release form ofisosorbide 
dinitrate on the hemodynamics and exercise capacity of patients with 
angina — a placebo controlled and double blind study. Circulation Lat 
i, 


(Supp I!) 66:381, Oct 1982. 
2. Dinsdale J, Allen J: Data on file, Medical Department, Reed & Carnrick. — 


Dilatrate-sr 
(isosorbide dinitrate) 40 mg 


The clinically confirmed 
CONFIDENCE CAPSULE ` . 





indications: Based ona review of this. 
‘drug by the Nation > 


o Sciences ~ Nationa 


pain of. coronary artery E 


IS itis not intended to.abort the 
“acute anginal episode, but is widely re- 
garded inthe prophylactic treatment of 

Jeangina pectoris. 


||. Final clagsification.of the less-than- 
effective indication requires further 
sevesugaton. 


= CONTRAINDICATION: id diosyncrasy to 
this drugi > 


WARNINGS: Data supporting the use of 
“nitrates and nitrites during the early days 
“corthe acute phase of myocardial infarction 

“(the period during which clinical and 
laboratory findings-are unstable) are 
insufficientio establish safety. 


PRECAUTIONS: Tolerance to this drug, 
and cross-tolerance to other nitrates or 
nitrites may occur 


: Jn patients with functional or organic gas- 
trointestinal hypermotility or malabsorption 
syndrome #15 suggested that either the 5 
mg or 10 mg. oral tablets or 2.5 mg. or 5 
ma. sublingual tablets be the preferred 
therapy: 


“ADVERSE REACTIONS: Cutaneous 

“vasodilation with flushing. Headache is 

“common and may be severe and i 

persistent. Transient-episodes of dizziness 
and weakness. as well as other signs of 

cerebral ischemia associated with postural 

“hypotension:may occasionally develop, 
This drug canact as a physiological 
antagonist to norepinephrine, acetyl- 
choline, histamine, and many other 
agents. i 


“Anoctasi onal individual exhibits marked 
os Sensitivity to the hypotensive effects of 
< nitrite, and severe responses (nausea. 


vomiting, weakness, restlessness, pa lor, 
tion and colla 


For full p crit ibing information. consult as 


package sert 


~ 


[E Reed & Carnrick/ Piscataway, New Jersey 08854 a 





medical and surgical myocar- 
dial revascularization in —y 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL. 2 
REVASCULARIZATION represents the first comprehensive: 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an: 
outgrowth. of the recent intematiorial io Ahan on Myocardial 
Revascularization held in Nassau, The Bahamas. itis-edited by 
two internationally renowned specialists, Dean T. Mason, Mp. 

and John J. Collins, gr. MD, 


Myocardial Revaaculgel ation 

features the lateston: = 

E Streptokinase - Thrombolysis i in AN a 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 

@ Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 


Œ New Calcium Blocking Drugs 


E Cardiac Benefits of Coronary 
„Rehabilitation ores 


Unstable ‘Angina. AMI 


“aii mii imi wai. ia i: ih si 


Yorke Medical Books, Box: C-787, Brooklyn, NY 11205. 


bi plus postage oe anding us. S. and Canadian orders on nly) ae 














= [eTrex Phased Array Real Time Imaging System -~ * 


-IMULT" NevUS Du: LE : 


A NEW DIMENSION 





IN CARDIAC IMAGING 


Simultaneous 2-D phased array 


imaging and CW or pulsed Doppler 


for noninvasive correlation of 
hemodynamics and anatomy 


Provides two complementary 


techniques—2-D to delineate cardiac 


structure, Doppler to evaluate blood 
flow velocity patterns—for global 
assessment of cardiac function. 

You can noninvasively measure 
pressure gradients across obstruc- 
tions and shunts, quantify relative 
cardiac output changes, and map 
flow patterns. Simultaneous display 
facilitates rapid examinations and 
permits accurate Doppler sample 
volume placement. 


Combined CW and pulsed 
Doppler for comprehensive 
flow measurements 


CW Doppler furnishes accu- 
rate measurements of high blood 
flow velocities, while pulsed Dop- 
pler provides precise sample loca- 
tion. Versatile spectrum analysis 
characterizes flow velocity patterns 
and verifies quality of the Doppler 
examination. 


Simultaneous 2-D/Doppler 
th one small dual-frequency 
transducer 


















Complete simultaneous 
documentation of all 
measurements 

Documentation is provided on 
videotape and superb quality Irex 
hard copy. This includes: video- 
tapes of 2-D images and localized 
Doppler sample volume with 
Doppler audio signal; hard copy 
recordings of maximum and mean 
velocity traces; grey scale record- 
ings of Doppler spectrum analysis 
and gated 2-D image depicting 
localized Doppler sample; time 
correlated with other data traces 
including ECG, phono, and pulse. 


Simultaneous phased array 
2-D and superior 
dual derived M-modes 

In addition, you get fully diag- 
nostic ECG, with 12 selectable 
leads; phono with two channels 


and eight filter settings; and pulse. 


All data channels are fully syn- 
chronized, and all perform simul- 
taneously. 

Irex systems provide incom- 
parable value in meeting all your 
cardiodiagnostic needs. For 
details on the Irex Phased Array 
Real Time Imaging System, Irex 
System II for M-mode studies, 2-D 
applications, and cath lab appli- 
cations, and the Irex Cardio 80° 
general-purpose microcomputer 
for cardiology, contact us today. 


IREX 





A single, small, lightweight transducer 
permits simultaneous 2-D and Doppler studies 
through all cardiac windows, and automatically 
optimizes the ultrasound frequency for both 
study modalities. Its extremely light, flexible 
cable permits easy angulation and lessens 
operator fatigue. 

. © 1982 IREX Corp. 
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Innovators in =i 
echocardiography -— 


IREX Medical Systems/IREX einen Iné. 
69 Spring Street, Ramsey, NJ 0744 
(201) 327-5990 Telex: 342303 ne 
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the patient may y stil heo el 
unstable. During this criti 
episode of VF may Soour iy ple 













from fibrillation!* a Ss 
_ No other agent has this dramatie 
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- Bretylol, a first-line age control of VF, should be used Ss 
-in the very first stages of nas cardiopulmonary resuscitation 
and countershock have been attempted. Bretylol not only LE necagies 
-the fibrillation threshold...it reduces the energy required 

for defibrillation’.4* Another critical difference in the 
- Bretylol mechanism of action. 


-That's why it makes sense to use Bretylol to vw 
-maintain stabilization in the CCU, as well as ya aS 
in the first few minutes of acute VF episodes. A we TELON 


_ There are no contraindications 
- to the use of Bretylol in VF. 
Hypotension and postural hypo- 
-= tension have been the most 
frequently reported adverse 
reactions. Consult brief summary 
of prescribing information on the 
following page. 
= For further information, please contact the = ie A p g, foe [thee ea 
Medical Services Department, American 3 my . 4 “ Leet 
= Critical Care, a division of American Hospital |? : S r EN : MEy 


-Supply Corporation, 1600 Waukegan Road, 
-= McGaw Park, IL 60085, Phone 312/473-3000. 


- *based on laboratory animal studies 
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1. Bacaner, M.B., i J. Cardiol., 21(4):504-512, but ne i Cardinal, R. and Sasyniuk, B.I., J. Pharmacol. Exi 04(1;189- -174, 1978 3. Tack WA. Niel cet abbs, 
CF, Combs, Wd., Hahn, B.M., Barker, M.A., Seipel, JF, Bourland, J.D. and Geddes, L.A., Am. Heart J., 98(3):345- ini eptember, 1979. LaBare oa histler, SJ., Tacker, <* 
e and Geddes, ta an Heart J., 98(3):345- o September, 1979. E 





as àa ventricular: taeda, that tne tailed to respond 
doses of a first-line antlanhythmic agent, such as lidocaine 
RETYLOL should be limited to intensive cate dnits, coronary 
other facilities where equipment and personnel for constant 
diac artythmias and biond pressure are available 
ion ot: SRETYLOL there may je a delay of 20 minutes 
GA 


coni aindičatións touse in treat- 
adel ventricular 


‘ah LOEn S bjectively a AEO ID dusters tight 

igo of faintness, Some: ‘eave Of hypotension Is present 

about 50 f patients. while they are supini. Hypotension may occur 
al doses lower thah those needed to suppress arrhythmias. 





<i Patients’ shoutd be: kept in the supine. position until tolerance to 
the hypotensive effect of BAETYLOL develops, Tolerance occurs 
“unpredictably bul may be present after Severa! days, 





“Soe Hypotension with supi ne systolic pressure greater than 75 mm Hg need 
“ofot-De-teated unless there are associated symptoms. H'supine systolic 
-pressure talis botow 75 mm Hg, an infusion of dopamine or norepinephrine 
“May De used to taise. blood pressure, When catecholamines are admin- 

© istered, a dilute solution should be employed arid blood pressure monitored 
oc Closely because the. pressor effects of the catecholamines are enhanced 

by BRETYLOL: Volume expansion: with blood or plasma and correction of 
dehydration should be cared out where appropriate. 

Transient Increased Frequency. of Arrhyth- 
ilas: Dueto the initial release of ‘nore roeptvfie POM from eae fl post- 
ganglionic nerve terminals by BRETYLOL, transient hypertension or 
increased-frequency of. premature ventricular contractions and other 


ing Use with Digitalis Glycosides: The initial release 

norepinephrine. caused by BRETYLOL may aggravate digitalis toxicity 

When a life-threatening. cardiac arthythmia oocurs.in-a digitalized patient, 

BRETYLOL should be used only if the etiology af the arhythmia does nat 

ie ligitalis toxicity and: other antiarrhythmic drugs are not 

: imiultaneous initiation. of therapy with digitalis glycosides: and 
EOL fbratylium tosylate) should. be avoided. 

4, Pationts with Fixed Cardiac Output: in-patients with fixed cardiac 


<o gutput (e. savere aortic- stenosis of severe qulmonaty hypertension: 


“hould be avoided since severe hypotension may result from a 
fallin periph: ae resistance without a compensatory increase in cardiac 
2. output. if survival is threatened by the arrhythmia: BRETYLOL may be used 
but vasoconstrictive eatecholami nes should be given promptly if severe 
~~ hypotension occurs. 
USE IN PREGNANCY — The safety of BRETYLOL in human pregnancy 
has not teen established: However, ag the dtug is intended for use only 
ol inlfethreatening situations, it may de'uséd in pregnant women when its 
: Dutweigh the ootential risk to the fetus, 
IDOREN— The safety and efficacy of this drug in children has 
1 @stahlished. GRETYLOL. has beer administered to a limited 
atric patients, but such use has: been inadequate to define 
age and. limitations for use: 


lor intravenous ‘Use: BRETYLOL should 


station may an severe nausea and vomiting “There: 
i should: ‘infused: ‘Over period greater than 8 
treating existing v 


gible and may w: given without dilution, 
j r Injection: When injected 
gen in n site, and injet 
eae into 


ce piee hone Fanio 3 
a piini ia ipod fn ue dosage! interval ‘should be increased 


aici and: pastural hypotension have 
frequently. teported ‘adverse: reactions ( isee hiplai sec 


whict som ime: ccompanieg n ural hos were 
eported in about 7 1000.. 
Cardia, incr 
as: a Warnings sec: 
oon ‘of substernal pressure 
of patlents, | 8. approximately 


pain: hiccups, pept ematoue 


! -Anjecti : 
i ra hyortlete acid or: sodium hydroxide. “Sterile; 
: : Oct. 1980 


tissue valves. : 


edited by Lawrence H. Cobn, MD, and Vince 

ISBN 0-914316-34-6, 609 pp., illus., Nov. 1982., $65.00 
An international program committee organized this sympos 
on a strictly. competitive abstract basis. It was held less th 
months ago. One-hundred-eight abstracts were sub 

45 in 8 categories were accepted. Virtually every r 
diovascular center in the world that has any m 

perience with cardiac bioprosthetic valves was 

Nowhere will you find between two covers as mu 
formation on the of car 


Almost 20years h one by since the first repor 
homograft valve re rep acement by Drs, Donald Ross. 
Barratt-Boyes and almost: 10 years since ithe first re 
appear about commercially available, 

bioprosthetic and bovine pericardial vay 

you completely up-to-date on what has happened sin 
is happening today. » 
If your interests. includ ‘the clinical, pathological 
engineering aspects.of cardiac bioprostheses the: 
must buy? It shot not be missing from your o own pr 
library. 


Who are the editors? 

Lawrence H. Cohn, MD, is Professor of Surge i, 
Medical School, and Cardiothoracic Surgeon, Brighar 
Womens’ Hospital. He is the author of Modern Techr 
Surgery and co-author of the nev nual, Carad: 

available in its second iss Cardiology 1982, 

Vincenzo Gallucci; MD, i 

Departments of Cardiovascular Surgery. and cards U 
sity of Padova Medical School; Teens Italy. ae 
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ORDER FORM 


a) Enclosed i is my, cheek for 65. 00! 
Yorke pays postage (same return 











City/State/Zip - 
4 Send orders to: 
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| radionuclide ` 7 — 
ane cardiography 
comes of age 


Apex 215M 


The Cardiologist’s Own Nuclear Camera 





NuciearCard#5logy: it grows more 
authoritative every day. Apex X1 5M is fast 
becoming the cardiologist's first choice in 
nuclear imaging. And with good reason. 
Universal Cardiological Capability 
{Specifically designed for cardiological use, 
Apex 215M is a compact digital nuclear 
camera — fully mobile and exceptionally 
maneuverable. 

Apex 215M's image quality is far superior to 
that of any other camera. Clinical count rates 
in first-pass studies exceed 200K CPS. 
Resolutions of 1.8 mm bars are particularly 
valuable in Tc and Tl scintigraphic studies of 
myocardial infarction and ischemia. And 
superfast data handling enables rest/exercise 
equilibrium studies at 64 frames per cycle. 
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Photos 1 & 2: Apex 215M's high count rates enable superior 
definitive first-pass studies. Typical of its capabilities are global 
and regional ventricular function analysis and direct 
quantification through volume 
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Dedicated Cardiological Software í 
Today's knowledgeable cardiologist appreciates 
Apex 215M's broad spectrum of dedicated 4 
software: 

m Global and Regional Ejection Fraction 

m End Diastole/Systole Volumes i e 
m Paradox Imaging 

m Fourier, Phase and Amplitude Imaging 

and many more. And an entire new series of 

Apex cardiological programs is currently 

being tested. 


elScint Inc. 
930 Commonwealth Avenue, 
Brookline, Mass. 02215, USA. 
Call Toll Free: 800-343-9504. 
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Photos 3 & 4: Apex 215M can clearly display various global 

and regional functions on a single image monitor. In these 
examples, ventricular functions in a resting heart appear above; 
the lower image compares the resting heart with two different 
intervention situations 
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156 Intravenous Amiodarone int the he Acute Treatment or e rent nt Symptomatic Ventricular r Tachycardia 





160 Books Received | 


SYSTEMIC HYPERTENSION 


161 Alterations in Left Ventricular Filling With Beta-Adrenergic E Blockade 
FETNAT M. FOUAD, MAREK J. SLOMINSKI, ROBERT C: TARAZI, and JOE GALLAGHER 


The cardiac and hemodynamic effects of 1 month of iroatment with beta blockage (metoprolol in 8 patients and 
nadolol in. 13 patients) in hypertension revealed differences in the ventricular volume curves between respond- 
ers and nonresponders. Responders maintained the same ejection velocity and had a more rapid early filling 
rate. In contrast, nonresponders showed a reduced. velocity of ejection and a slower rate of ventricular filling. 
Thus, alteration of ventricular function with beta blockade can be myersrenwed by blood passe reduction. 


165 Intravascular Volume, Extracellular Fluid Volume, and Total Body \ Water in 1 Obese and Nonobese 
Hypertensive Patients 


JOCELYNE H. RAISON, APOSTOLOS D. ACHIMASTOS, JEAN E; BOUT! HIER, GERARD M. LONDON, . 
and MICHEL E. SAFAR 5 





Intraarterial blood pressure, nee volun, extracellular and interstitial (IFV) fluid volumes, and total ane intras. : 
cellular (IBW) body water: were evaluated in 47 men: 16 obese hypertensive patients, 16 nonobese hypertensive 

patients and 15 normal subjects of similar age. In obese hypertensive subjects, the IBWAFV ratio was signifi- 

cantly increased (p <0.01) in comparison with both control subjects and. nonobese hypertensive patients. After — 

body weight reduction, blood pressure (p <0.01), heart rate (p <0.05), and the IBWA/IFV ratio (p <0.01) signifi- 

cantly decreased. The decrease in the ratio was due to an absolute increase in interstitial fluid volume, related eho 

to a shift of fluid volume from the intracellular to the interstitial space. Thus, obese hypertensive patients have 00 > 
an increased water ct content, ‘causing an altered’ partition between, the intracellular « and the interstitial. 
spaces. 
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+ 471 Relation of Hemodynamic Load to Left Ventricular Hypertrophy and Performance in Hypertension 


— RICHARD B. DEVEREUX, DANIEL D. SAVAGE, IRENE SACHS, and JOHN H: LARAGH af 
Ke 
` - a One hundred untreated patients with essential hypertension were studied by echocardiography and. cuff blood 
Tt . Pressure to assess. the relation between hemodynamic load and left ventricular hypertrophy and performance. 
x, 7. indexes of left ventricular hypertrophy were poorly related to resting blood d pressure 6 = o. 16 to:0.32)}. However, 
me ° feet on hea BEES i : Continued on Page A49 i N 
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Pick the only beta blocker 
that reduces total 
peripheral resistance: 


1. Inderal (cropranoia 
2. Lopressor metopo) 
3. TENOFMIN eeno) 


4. None of the above 


(If you picked #4, you’re right.) - 









he ‘only beta blocker 
that reduces blood pressure 
and 

total peripheral resistance 


Here’s the difference: 










Blood pressure All other beta blockers 


Blood pressure equals cardiac output times All other beta blockers reduce blood pressure, 
total peripheral resistance. and reduce cardiac output with an initial 

reflex rise in total peripheral resistance and a 
subsequent return to baseline in many cases. 


bp=coxtpr EA 
y bp=coxtpr 
Visken (pindolol) + 4 

Visken (pindolol) is the only beta blocker 

that reduces blood pressure while maintaining 


resting cardiac output and reducing total 
peripheral resistance during long-term therapy. 


bp=coxtpr 


Please see last page of this advertisement for brief summary of prescribing information 





Here’s the result: 


Reduced blood pressure 


U.S. studies at 29 major medical centers' have 
shown that Visken (pindolol) is an effective 
antihypertensive. It is as effective as 
propranolol in normalizing blood pressure 
(dbp<90 mmHg) when used alone. It is also 
effective when used in combination with a 
diuretic. 


This antihypertensive effectiveness is 
supported by 13 years of clinical use 
throughout the world. In fact, Visken (pindolol) 
is the #2 beta blocker in the rest of the world. 


New 


Vi sken A (pindolol) 


bp=cCoxtpr 
Poa 


> 


Reduced peripheral resistance 


Studies of 178 patients treated with Visken 
(pindolol) for at least two weeks have shown 
that Visken therapy reduces total peripheral 
resistance! 


Reduction of 
exercise-induced tachycardia 


Like other beta blockers, Visken (pindolol) 
blocks stimulation by catecholamines to 
reduce exercise-induced increases in systolic 
blood pressure and heart rate. 


Prescribing information: 


Available in 
5 mg and 10 mg tablets 


Convenient bid dosage 


Dosage should be titrated on an individual 
basis. Many patients respond to 10-30 mg a 
day in divided doses. 


je 
|- References: 


(Data on file, Sandoz Pharmaceuticals. . Please see last page of this advertisement for brief summary of prescribing information. 
t Wilcox CS, Lewis PS, Peart WS, et al: Renal tunction, body fluid volumes, renin, 

aldosterone, and noradrenaline during treatment of hypertension with pindolol. 

d Cardiovasc Pharmacol 3:598-611, 1981. 


New Visken’ 


(pindolol) 


Before prescribing or administering, see package circu- 
lar for full product information. The following is a brief 
summary. 


INDICATIONS AND USAGE 

Visken (pindolol) is indicated in the management of 
hypertension. It may be used alone or concomitantly with 
other antihypertensive agents, particularly with a thiazide 
type diuretic. 


CONTRAINDICATIONS 

Visken (pindolol) is contraindicated in: 1) bronchial 
asthma; 2) overt cardiac failure; 3) cardiogenic shock; 
4) second and third degree heart block; 5) severe brady- 
cardia; (see Warnings). 


WARNINGS 

Cardiac Failure: Sympathetic stimulation may be a vital 
component supporting circulatory function in patients 
with congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although 
beta-blockers should be avoided in overt congestive 
heart failure, if necessary, Visken (pindolol) can be used 
with caution in patients with a history of failure who are 
well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the ino- 
tropic action of digitalis on heart muscle. 


in Patients Without A History of Cardiac Failure: In 
patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-biocking agents 
over a period of time can in some cases lead to cardiac 
failure. At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized and/or be given 
a diuretic, and the response observed closely. If cardiac 
failure continues, despite adequate digitalization and 
diuretic, Visken (pindolol) therapy should be withdrawn 
{gradually if possible). 


Exacerbation of Ischemic Heart Disease Following 
Abrupt Withdrawal: Hypersensitivity to catecholamines 
has been observed in patients withdrawn from beta- 
blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt 
discontinuation of such therapy. When discontinuing 
chronically administered Visken (pindolol), particularly in 
patients with ischemic heart disease, the dosage should 
be gradually reduced over a period of one to two weeks 
and the patient should be carefully monitored. Hf angina 
markedly worsens or acute coronary insufficiency devel- 
ops, Visken (pindolo!l) administration should be reinsti- 
tuted promptly, at least temporarily, and other measures 
appropriate for the management of unstable angina 
should be taken. Patients should be warned against inter- 
ruption or discontinuation of therapy without the physi- 
cian's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent 
not to discontinue Visken (pindolol) therapy abruptly 
even in patients treated only for hypertension. 


Nonallergic Bronchospasm (e.g., chronic bronchitis, 
emphysema)—Patients with Bronchospastic Diseases 
Should In General Not Receive Beta-Blockers: Visken 
(pindolol) should be administered with caution since it 
may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of betaz receptors. 


Major Surgery: Because beta blockade impairs 

the ability of the heart to respond to reflex stimuli and may 
increase the risks of generai anesthesia and surgical 
procedures, resulting in protracted hypotension or low 
cardiac output, it has generally been suggested that such 
therapy should be withdrawn several days prior to sur- 
gery. Recognition of the increased sensitivity to catechol- 
amines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation contro- 
versial. If possible, beta-blockers should be withdrawn 
well before surgery takes place. tn the event of emer- 
gency surgery, the anesthesiologist should be informed 
that the patient is on beta-blocker therapy. The effects of 
Visken*® (pindolol) can be reversed by administration of 
beta-receptor aponiete such as isoproterenol, dopamine, 
dobutamine, or levarterenol. Difficulty in restarting and 
maintaining the heart beat has also been reported with 
beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia: Beta-adrenergic blockade 
may prevent the appearance of premonitory signs and 
symptoms (e.g., tachycardia and blood pressure 
changes) of acute hypoglycemia. This is especially impor- 
tant with labile diabetics. Beta-blockade also reduces the 
release of insulin in response to hyperglycemia; there- 
fore, it may be necessary to adjust the dose of antidi- 
abetic drugs. 


Thyrotoxicosis: Beta-adrenergic blockade may mask 
certain clinical signs (e.g., tachycardia) of hyperthyroid- 
ism. Patients suspected of developing thyrotoxicosis 
should be managed carefully to avoid abrupt withdrawal 
of beta-blockade which might precipitate a thyroid crisis. 


PRECAUTIONS 

Impaired Renal or Hepatic Function: Beta-biocking 
agents should be used with caution in patients with 
impaired hepatic or renal function. Poor renal function 
has only minor effects on Visken (pindolol) clearance, but 
poor hepatic function may cause blood levels of Visken 
(indolol) to increase substantially. 


information for Patients: Patients, especially those with 
evidence of coronary artery insufficiency, should be 
warned against interruption or discontinuation of Visken 
(pindolol) therapy without the physician's advice. 
Although cardiac failure rarely occurs in properly select- 
ed patients, patients being treated with beta-adrenergic 
blocking agents should be advised to consult the phy- 
sician at the first sign or symptom of impending failure. 


Drug Interactions: Catecholamine-depteting drugs (e.g., 
reserpine) may have an additive effect when given with 
beta-blocking agents. Patients receiving Visken (pindolol) 
plus a catecholamine depleting agent should, therefore, 
be closely observed tor evidence of hypotension and/or 
marked bradycardia which may produce vertigo, syn- 
cope, or postural hypotension. 


Visken (pindolol) has been used with a variety of antihy- 
pertensive agents. ineluding Hydrochiorothiazide; hydral- 
azine, and guanethidine without unexpected adverse 
interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertil- 
ity: In chronic oral toxicolagic studies {one to two years) 
in mice, rats, and dogs, Visken (pindotol) did not produce 
any significant toxic effects. In two-year oral carcinogen- 
icity studies in rats and mice in doses as high as 59 mg/ 
kg/day and 124 mg/kg/day (50 and 100 times the maxi- 
mum recommended human dose), respectively, Visken 
(pindolol) did not produce any neoplastic, preneoplastic, 
or Nonneoplastic pathologic lesions. In fertility and gen- 
eral reproductive performance studies in rats, Visken 
{pindolol) caused no adverse effects at a dose of 

10 mg/kg. 


in the male fertility and general reproductive performance 
test in rats, definite toxicity characterized by mortality 
and decreased weight gain was observed in the group 
given 100 mg/kg/day. At 30 mg/kg/day, decreased mating 
was associated with testicular atrophy and/or decreased 
spermatogenesis. This response is not clearly drug 
related, however, as there was no dese response rela- 
tionship within this experiment and no similar effect on 
testes of rats administered Visken (pindolol) as a dietary 
admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg 
but development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was 
decreased at 100 mg/kg and 30 mg/kg. At these dosages 
there also was increased mortality of offspring. Prenatal 
mortality was increased at 10 mg/kg but there was not a 
clear dose response relationship in this experiment. 
There was an increased resorption rate at 100 mg/kg 
observed in females necropsied on the 15th day of 
gestation. 


Pregnancy—Category B: Studies in rats and rabbits 
exceeding 100 times the maximum recommended human 
doses, revealed no embryotoxicity or teratogenicity. 
Since there are no adequate and well-controlled studies 
in pregnant women, and since animal reproduction stud- 
ies are not always predictive of human response, Visken 
{pindolol), as with any drug, should be employed during 
pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. 


Nursing Mothers: Since Visken (pindotol) is secreted in 
human milk, nursing should not be undertaken by moth- 
ers receiving the drug. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases 
(SGOT, SGPT) have been noted in 7% of patients during 
Visken (pindolol) administration, but progressive eleva- 
tions were not observed and liver injury has not been 
reported in the medical literature over a ten (10) year 
period of marketing. Alkaline phosphatase, lactic acid 
dehydrogenase {LDH) and uric acid are also elevated on 
rare occasions. The significance of these findings is 
unknown, 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences 
listed in the following table are derived from 12 week 
comparative double-blind, parallel design trials in hyper- 
tensive patients given Visken (pindoial) as monotherapy, 
given various active control drugs as monotherapy, or 
given placebo. Data for Visken (pindolol) and the positive 
controls were pooled from several trials because no strik- 
ing differences were seen in the individual studies, with 
one exception, The frequency of edema was noticeably 
higher in positive control trials (16% Visken (pindolol) vs 
9% positive control) than in placebo controlled trials (6% 
Visken (pindolol) vs 3% placebo). The table includes ad- 
verse reactions reported in greater than 2% of Visken (pin- 
dolo) patients and other selected important reactions. 


Total (Volunteered and Elicited) 
Visken Active 





{pindolot) Controls’ Piacebo 
Body Systeny (N= 322) (N=188) 9 (N= 78) 
Adverse Reaction % % % 
Central Nervous System 
Anxiety 4 “et 1 
Bizarre or Many Dreams. 8 3 8 
Dizziness 17 23 8 
Fatigue 15 19 12 
Haltucinations. 1 o 0 
insomnia 19 B 12 
Lethargy 3 6 4 
Nervousness 41 § 9 
Weakness a 5 4 
Autonomic Nervous System 
Paresthesia 5 2 8 
Visual Disturbances 4 3 4 





Total (Volunteered and Elicited) 
Visken Active 
(inaalay Controis? Piaceb 
Body System! N = 322) (N= 188) (N= 71 
jor % % % 
Cardiovascular $ 5 
Dyspnea 9 
Edema KS] 9 3 
Heart Failure 2 <4 0 
Palpitations 2 2 0 
Weight Gain 3 5 0 
Musculo-Skelatal 
Chest Pain 5 3 5 
Joint Pain 1 6 8 
Muscle Cramps. 8 2 0 
Muscle Pain 12 12 9 
Gastrointestinal 
Abdominal Discomtort 7 7 5 
Nausea 7 4 1 
Skin 
Pruritus 2 <1 0 
Rash 2 3 3 


“Active Controls: Patients received either propranolol, x-methyidop: 
of a diuretic (hydrochiorothiazide or chiorthaidone’ 


The following selected (potentially important) adverse 
reactions were seen in 2% or fewer patients and their 
relationship to Visken peso) is uncertain. AUTO- 
NOMIC NERVOUS SYSTEM: hyperhidrosis; CARDIO- 
VASCULAR: bradycardia, claudication, cold extremities 
heart block, hypotension, syncope, tachycardia; GAS- 
TROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, pollakiuria; MIS- 
CELLANEOUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have 
been reported with other beta-adrenergic blocking agen 
and should be considered potential adverse effects of 
Visken (pindolol). 


Central Nervous System: Reversible mental depressic 
progressing to catatonia, an acute reversible syndrome 
characterized by disorientation for time and piace, shor 
term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on 
neuropsychometrics. 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with achi 
and sore throat; laryngospasm: respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and 
nonthrombocytopenic purpura, 


Gastrointestinal: Mesenteric arterial thrombosis, 
ischemic colitis. 


Miscellaneous: Reversible alopecia; Peyronie's diseas 


The oculomucocutaneous syndrome associated with thi 
beta-blocker practoloi has not been reported with Viske 
(pindolol) during investigational use and extensive 
foreign experience amounting to over 4 million patient- 
years, 


OVERDOSAGE 

No specific information on emergency treatment of 
overdosage is available. Therefore, on the basis of the 
pharmacologic actions of Visken (pindolol), the followin: 
general measures should be employed as appropriate i 
addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is 
no response to vagai blockade, administer isoproterenc 
cautiously. 


Cardiac Failure: digitalize the patient and/or administe 
diuretic. it has been reported that glucagon may be use 
ful in this situation. 


Hypotension: administer vasopressors, e.g., epineph- 
rine or levarterenol, with serial monitoring of blood pres. 
sure. (There is evidence that epinephrine may be the 
drug of choice.) 


Bronchospasm: administer a beta, stimulating agent 
such as isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with 
an intake of 500 mg of Visken (pindolol) by a hyperten- 
sive patient. Blood pressure increased and heart rate 
was 80 beat/min. Recovery was uneventful. In anothe 
case 250 mg of Visken (pindolol) was taken with 150 mc 
diazepam and 50 mg nitrazepam, producing coma and 
hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualize: 
The recommended initial dose of Visken (pindolol) is 10 
mg b.i.d. alone or in combination with other antihyperter 
sive agents. Many patients will respond to 15 mg per da’ 
(5 mg t.i.d.). The antihypertensive response usually 
occurs within the first week of treatment. If a satisfacton 
reduction in blood pressure does not occur within 2-3 
weeks, the dose may be adjusted in increments of 10 m 
per day at 2-3 week intervals up to a maximum of 60 mç 
per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 mg and 10 mg, package? 
of 100. 5 mg tablets embossed “VISKEN 5" on one 
side, and “78-111" and scored on other side (NDC 
0078-0111-05). 10 mg tablets embossed “VISKEN 10” or 
one side, and “78-73” and scored onother side 


(NDC 0078-0073-05). {VIS-22 971-82} 
. Pharmaceutical Division 
SANDOZ, INC. 
£ East Hanover, NJ 07936 VIS-1182- 


E end-diastolic relative: wall thickness. ‘an index.of. concentric hypertrophy: w was di ra reiited te ripheral ré resise 
tance (r = 0.52, p <0. 001) and inversely to cardiac output (r = ~0.47, p <0.001). Left: ventricular fractional sys- 

tolic shortening was unrelated to blood pressure or left ventricular mass, but showed a close inverse relation 

_ with end-systolic wall stress (r = —0.71, p <0.001). It is concluded that resting blood pressure correlates poorly 

< with left ventricular hypertrophy or function in patients with hypertension. However, the “typical” hypertensive 


aa : abnormalities of concentric left ventricular hypertrophy and elevated peripheral resistance appear pathophysiol- - 
ee ogically interdependent, and left ventricular performance is dependent on compensatory hyperrenny. which - 
4 ps wall stress normal. . a 


E | HEART FAILURE 


} Do uterine to increase Exercise Capacity Despite Hemodynamic impřowemeni in Severe on 
mome Heart Failure ig 


; CAROL S: (MASKIN, ROBERT FORMAN, EDMUND H. SONNENBLICK, WILLIAM H. FRISHMAN, and 
THIERRY HY LeJEMTEL 





The acute hemodynamic and metabolic effects of dobutamine administered during upright, graded bicycle exer- 
. -¢ise were studied in 8 patients with severe chronic heart failure. During exercise performed with administration 
_ of dobutamine, the cardiac index was significantly greater than during control period exercise, 3.23 + 0.78 ver- 


sus 12.5 + 2.4 mi/100 mi (p <0.01). Although dobutamine tended to increase maximal oxygen uptake compared 
with control period exercise, it did not significantly increase exercise capacity. Thus, administration of dobuta- 

mine to patients with severe chronic heart failure increased the cardiac index during maximal exercise but failed 
to increase exercise capacity. Since the arteriovenous oxygen difference is reduced, dobutamine probably aug- 
ments blood flow to the nonexercising tissues and not to the See) metabolizing muscles. 





ey 183 ~ Quantitative Differences in the Hemodynamic Effects of Captopril and Nitroprusside in Severe Some 
-Heart Failure 


MILTON. PACKER, JOSE MELLER, NORMA MEDINA, and MADELINE YUSHAK 


The hemodynamic effects of oral captopril and intravenous nitroprusside were compared in 15 patients with se- - 
vere chronic heart failure. At doses of both drugs titrated to produce similar decreases in systemic vascular re- 

© sistance, nitroprusside produced greater increases in cardiac index but smaller decreases in mean arterial pres- 
-sure than did captopril. This finding was due to a significant decrease in heart rate with captopril (not seen with 
- nitroprusside), since changes i in stroke volume index with both drugs were similar. Nitroprusside decreased pul- 
-monary arteriolar resistance significantly, whereas captopril did not. This finding helped explain the smaller de- 
‘creases in right ventricular filling pressure with captopril; yet, the decreases in left ventricular filling pressure 

ec with captopril were greater than with nitroprusside. These data indicate that angiotensin, in addition to its direct — 
a : systemic arterial vasoconstrictor actions, exerts positive chronotropic effects and alters ventricular compliance. 

a but has minimal direct effects on the limb venous circulation and on the pulmonary circulation. 





CARDIOMYOPATHY 





: 189 ; : “Relatio Electrocardiographic Abnormalities and Patterns of Left Ventricular Hypørtrophy k Identified 
by 2. onal Echocardiography in Patients With Hypertrophic Cardiomyopathy _ y 


BARRY Je MARON, JAMES K. WOLFSON, ELISABETTA CIRO, and PAOLO SPIRITO 





Distribution of left vontticütar hypertrophy was assessed by wide-angle, 2-dimensional chocardiomaphyin in 153 
; patients with hypertrophic cardiomyopathy and compared with the scalar electrocardiogram in the same. pa- _ 

tients. The most common electrocardiographic alterations were S-T segment changes and T-wave inversion 
(61%), left ventricular hypertrophy (47%), abnormal Q waves (25%), and left atrial enlargement (24%). Left — 
ventricular hypertrophy on electrocardiography was most common in patients with the most extensive distribu- 
tion of the left ventricular hypertrophy involving substantial portions of both the ventricular septum and the left 

ventricular free wall. (sensitivity 74%). The majority of patients. with hypertrophic cardiomyopathy and normal 
electrocardiograms had particularly localized hypertrophy. Abnormal Q waves weré significantly more common 
in patients without hypertrophy of the anterior basal septum, and hence cannot be explained on the basis of ven- 
tricular septal hypertrophy alone. No single electrocardiographic abnormality is characteristic of a population 

` vof patients with hypertrophic cardiomyopathy, and 2-dimensional pl echocardiography clarifies the. significance 

mo of certain slectrocerdiogs epic ogi l 













Continued on Page ASO. 


sus 2.67 + 0.59 liters/min/m? (p <0.001), while the arteriovenous oxygen difference was lower, 11.2 4 2.1 ver- 
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195 “Comparative Effects ot Nifedipine, Verapami, ang Diltiazem on Experimental Pulmonary 
Hypertension 


THOMAS E. YOUNG, LUCY J. LUNDQUIST, ELLIOT CHESLER, and E. KENNETH WEIR 


This experimental study compared the hemodynamic effects of 3 calcium channel blocking agents (diltiazem, 
nifedipine, and verapamil) in 2 models. of pulmonary hypertension in the anesthesized dog. The agents were 
given intravenously at 3 dose levels, either before acute hypoxic pulmonary vasoconstriction or before the stim- 
ulation of pulmonary hypertension by an infusion of prostaglandin Foq. During acute hypoxic pulmonary hyperten- 
sion; verapamil decreased cardiac output by 30% (p <0.01) without appreciably altering pulmonary arterial 

` pressure, Nifedipine decreased hypoxic pulmonary vascular resistance to normoxic values (p <0.01). Diltiazem 

administration produced no change in hypoxic pulmonary hemodynamics. During pulmonary hypertension stimu- 
lated by prostaglandin Fz% high dose verapamil: tended to increase pulmonary vascular resistance. Nifedipine, 
however, completely blocked pulmonary vasoconstriction by decreasing pulmonary vascular resistance to pre- 
prostaglandin F24 levels (p <0.01). Again, diltiazem produced no change in pulmonary hemodynamics. Thus ni- 
fedipine appeared to be a more effective pulmonary vasodilator than verapamil or diltiazem, 


201 Compensatory Cardiac Mechanisms Evoked by Septal Ischemia in Dogs 
oe MALFRID MOLAUG, ODD GEIRAN, and FREDRIK KIIL 


=- The cardiac responses to selective septal ischemia were studied in anesthesized-open-chest dogs. Segment 
lengths were measured ultrasonically in the interventricular septurn and the right and left ventricular free: walls. 

< Atan average left ventricular end-diastolic pressure of 3 mm Hg, septal ischemia did not reduce stroke volume 

significantly, whereas left ventricular end-diastolic segment length increased 3%. This stimulation of the Frank- 

Starling mechanism counteracted the loss of septal function. After blood volume expansion to a left ventricular 
end-diastolic pressure of 7 mm Hg, end-diastolic dimensions in the left free wall did not increase and stroke vol 
ume decreased during septal ischemia. Ultrasonic recordings of the septum to right ventricular free wall distance. 
showed increased systolic excursions and reduced end-systolic distance after occlusion of the septal artery, in- 

_ dicating paradoxical movement of the ischemic septum, which seems to act as a passive diaphragm pump on” 

the right ventricle. 


207 Mechanisms of Spontaneous and Induced Ventricular Arrhythmias in the 24-Hour infarcted Dog: Heart 


BENJAMIN J. SCHERLAG, GLENN KABELL, JOHANNES BRAGHMANN, LURA HARRISON, and RALPH 
LAZZARA 


Two kinds of ventricular arrhythmias were consistently found in 14-dogs studied 1 day after left anterior descend- 
ing coronary artery ligation. In the open-chest, anesthetized dog, electrocardiographic leads and electrograms 
from the infarct and normal zones were monitored. Spontaneous ventricular tachycardias were recorded which 
were irregular and multiform (average rate 154 + 26 beats/min). In the same dogs, 3 ventricular paced beats at 
tates >300 beats/min induced rapid, uniform ventricular tachycardias (average rate 345 + 17 beats/min). Only 
during the latter could continuous electrical activity within the interectopic intervals suggestive of a reentrant 
mechanism be consistently recorded. This experimental preparation is compared with ventricular arrhythmias 
described in clinical reports, and insights into the mechanism of entrainment of ventricular tachycardia are dem- 
onstrated. ; 





214 Instructions to Authors 





an Tracking o Contrast Echocardiographic Targets Be Used to Measure intracardiac Flow 
Velocities? 


LILLIAM M. VALDES-GRUZ, DAVID d. SAHN, SUZANA HOROWITZ, DANIEL C. FISHER, STANLEY. J; 
GOLDBERG, and HUGH D. ALLEN - 





Recent reports have Suggested that the slopes of linearly moving echocardiographic contrast targets (micro-. 
bubbles) can be used to predict flow velocities in the right heart. This study assessed the accuracy of velocities 
measured with contrast echocardiography by comparing them with those recorded with a previously calibrated 
quantitative range gated 2-dimensional echocardiographic Doppler flow meter. Venous saline echocardi jograph- 
vic contrast fjections and er eppler $ studies | were pectormies in 10 cardiac patients, >or t 6: months to w  yoars, 








CIBA 


the pioneer in 
transdermal therapeutics 





5 
= 


Baseline 
anginal therapy 
simplified 


Approximately 75% of angina patients were 
successfully controlled on the starting dosage— 
one Transderm-Nitro 5 


Once-daily application of Transderm-Nitro was shown to provide 
effective 24-hour baseline therapy in the step-care approach 

to angina in a survey” of over 1,000 physicians with more than 
10,000 patients under treatment. 


Orthostatic hypotension may indicate nitroglycerin overdosage; reduce dosage if symptoms 
occur. Nitrates are contraindicated in patients with increased intraocular pressure. Withdrawal 
should be gradual if treatment is terminated. Do not apply to distal parts of the arms and legs. 


For full details, please see the Prescribing Information on the next page. 


*Data on file, CIBA Pharmaceutical Company. 


Transderm-Nitro 
nitroglycerin 


one 10-second application 
provides 24-hour anginal protection. 
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Simplifies baseline nitrate therapy 


One application provides 
24-hour anginal protection 

























































Incorporates the unique, 

-. Yate-controlling membrane 
~~ from CIBA, for precise, 

- predictable drug delivery 





-= Simple to use, easy to live with 





 629-3688-A- 


Transderm- Nitro (ritroglycerin) transdermal 


| therapeutic system is a fiat unit designed to proc € = 


vide controlled release of nitroglycerin through a 
semipermeable membrane continuously for 24 
hours following application to intact skin. Nitro- 
glycerin (glyceryl trinitrate) is a prompt-acting 
vasodilator for the relief and prevention of 
anginal attacks. Systems are rated to release 





in vivo § and 10 mg nitroglycerin over 24 hours and 


are in sizes of 10 and 20 cm? respectively. 


One-fifth of the total nitroglycerin in the system 
is delivered transdermally to the patient over 24 
hours; the remainder serves as the thermo- 
dynamic energy source to release the drug and 
remains in the system. The rated release of drug 
is dependent upon the area of the system; 0.5 
mg nitroglycerin is delivered in vivo for every cm? 
of system size. 


The Transderm-Nitro system comprises four 
layers as shown below. Proceeding fromthe visi- 
ble surface towards the surface attached to the 
skin, these layers are: 1) a tan-colored backing 
layer (aluminized plastic) that is impermeable to 
nitroglycerin, 2}a drug reservoir containing 
nitroglycerin adsorbed on lactose, colloidal 
silicon dioxide, and silicone medical fluid; 3) an 
ethylene /vinyl acetate copolymer membrane 
that is permeable to nitroglycerin; and 4) a layer 
of hypoallergenic silicone adhesive. Prior to use, 
a protective peel strip is removed from the adhe- 
sive surface. 


Cross section of the system: 

Backing 

Brug Reservoir 
Semipermeabie 
Membrane 
Adhesive 

Protective Peel Strip 








ACTIONS 

When the Transderm-Nitro system is:applied to 
the skin, nitroglycerin is absorbed continuously 
through the skin into the systemic circulation. 
This results in active drug reaching the target 
organs (heart, extremities) before being inacti- 
vated by the liver. Nitraglycerin is a smooth mus- 
cle relaxant with vascular effects manifested 
predominantly by venous dilatation and pooling. 
The major beneficial effect of nitroglycerin in 
angina pectoris is a reduction in myocardial oxy- 
gen consumption secondary to vascular smooth 
muscle relaxation and consequent reduced car- 
diac preload and afterload. In recent years there 
has been an increasing recognition of a direct 
vasodilator effect of nitroglycerin on the coro- 
nary vessels, 

In clinical studies transdermal absorption of 
nitroglycerin from a nitroglycerin system 
occurred in a continuous and well-controlled 
manner, for a minimum of 24 hours. Therapeutic 
effect can be anticipated 30 minutes after appli- 
cation of the system and to be maintained for 30 
minutes after its removal. 


INDICATIONS AND USAGE 

Transderm-Nitro system is indicated for the pre- 
vention. and treatment of angina pectoris due to 
coronary artery disease. 


CONTRAINDICATIONS 
Intolerance of organic: nitrate drugs, marked 
anemia, increased intraocular pressuré.or. 

increased intracranial pressure. 


WARNINGS 

In patients with acute myocardial Wlaretion o or." 
congestive heart failure, Transderm-Nitrosys- 
tem should be used under careful clinical: 
and/or hemodynamic monitoring. In terminating 
treatment of anginal patients, both the dosage 
and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks to prevent 


sudden withdrawal reactions, which are charac- 
“teristic of all vasodilators in ihe ae yeerin 
class. © 


PRECAUTIONS 
5 i 


ay! Such : 
`- Weakness or. luzines, pa icularly orthost 


CIBA Pharmaceutical 
Summit; New Jersey 07901 


pose occasional use of the sublingual prepara: 
tions may be necessary. : 


ADVERSE REACTIONS 

Transient headaches are the most common side 
effect, especially when higher doses of the drug 
are used. These headaches should be treated 
with mild analgesics while Transderm-Nitro ther- 
apy is continued. When such headaches are 
unresponsive to treatment, the nitroglycerin 
dosage should be reduced or use of the product. 
discontinued. 

Adverse reactions reported less frequently <; 
include hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting; and `: 
dermatitis. These symptoms are attributable- to.: 
the known pharmacologic effects of nitroglyc- 
erin, but may be symptoms of overdosage. Wheri 
they persist, the dose should be reduced or use 
of the product discontinued: 


DOSAGE AND ADMINISTRATION : 
Therapy should be initiated with application of 
one Transderm-Nitro 5 system to the desired 
area of skin. Many patients prefer the chest: if 
hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of 
the system. Each system is designed to remain 
in place for 24 hours, and each successive appli- 
cation should be to a different skin.area. Trans- 
derm-Nitro system should not be applied to the 
distal parts of the extremities. 


The usual dosage is one Transderm-Nitro § sys- 
tem every 24 hours. Some patients, however, 
may require the Transderm-Nitro 10 system. Ifa. 
single Transderm-Nitro § system fails to provide... 
adequate clinical response, the patient should: 
be instructed to remove it and apply either two: 
Transderm-Nitro 5 systems or one Transderm- 
Nitro 10 system. More systems may be added as- 
indicated by continued careful monitoring of 
clinical response. 


The optimal dosage should be selected based 
upon the clinical response, side effects; and the: 
effects of therapy upon blood pressure. The © © 
greatest attainable decrease in resting blood 
pressure that is not associated with clinical 
symptoms of hypotension especially during 
orthostasis indicates the optimal dosage. To 
decrease adverse reactions, the size and/or. 
number of systems should be tailored to the indi- 
vidual patient's needs. 


Do not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS | 
A patient leaflet is supplied with the systems, : 





HOW SUPPLIED 
Transderm-Nitro 
System Rated Total a 
Release Nitroglycerin’ — System Carton: 
in vivo in System Size Size 
5.19/24 hr 25mg Wem?” 30 Systems, 
“(NOC 0083-2105-26) 

5:ng/24 hr 25mg Wome „T 8ystems. 

an 2 (NDC 0083-2 105-07) 
10 mg/24 br 50mg 2em? 30 Systems 

f (NDC 0083-21 10-26) 
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had undergone ¢ operation for! lesions in the left side of the heart. lastantanieous and peak velocities were > de- : ; 
ined at time-matched systolic points in cardiac cycles of identical R-R intervals. Significant but low-level 
correlations were found between contrast echocardiography and Doppler instantaneous (r = +0. 45). or peak t 
o= 40.18) systolic velocities. The results suggest that while contrast echo microbubbles can be measured to. 
is “yield a velocity, they do not behave like moving red blood cells which reflect ultrasound to produce a Doppler a 

snin: Theretore, contrast echocardiography does not reliably measure flow velocities in the right heart. : one 















ardiac Localization of Transvascular Bioptome Using 2-Dimensional Echocardiography 
AMES W. FRENCH , RICHARD L. POPP, and PAUL T. PITLICK 











cular. endomyocardial biopsy was performed in 7 children with heart ee deona ine wath 
scopy and. 2-D echocardiography to orient the bioptome. Twelve procedures. (1 left ventricular and. ttri 
entricular biopsies) were performed in these patients, aged 6 months to 18 years. There were no complicatic 
-using the fluoroscopic-echocardiographic technique. By adding 2-D echocardiographic. monitoring to the biopsy 
procedure; exposure to ionizing radiation was reduced, and localization of the bioptome with respect to intracar- 
diac structures was more precise than with fluoroscopy alone. ` ; 





















































224 Validation of the Angiographic Accuracy of Digital Left ventriculography 


ALLEN B. NICHOLS, ERIC C. MARTIN, THOMAS P. FLES, KAREN M. STUGENSKY, LAWRENCE A. 
< BALANCIO, WILLIAM J. CASARELLA, and MELVIN B. WEISS. 


‘The angiographic accuracy of digital subtraction left ventriculograins, performed by intraventricular injection of 

-..7. ml contrast medium diluted in saline solution, was validated in 28 patients undergoing conventional cineangio- - 
graphic left ventriculography. Left ventricular volumes calculated from digital ventriculograms correlated highly 
-with volumes calculated from conventional ventriculograms: end-diastolic volume (r =-0.97, end-systolic volume | 
(r = 0.97), stroke volume (r = 0.95), ejection fraction (r = 0.97), and segmented left ventricular contraction {r = 
0.81). After digital left ventriculography with diluted contrast medium, left ventricular pressures were unchanged 
and patients had no discomfort. Thus, the contrast enhancement afforded by digital subtraction angiography pro- 

= vides. high resolution ventriculograms with markedly reduced doses of contrast medium, obviating the hemody- 
+: namic effects of conventional doses of contrast medium. This approach permits accurate measurement of left. 
_ ventricular volumes, stroke volume, and ejection fraction and accurate assessment of left ventricular segmental 
contraction, without injection of large doses of contrast medium. 


_ MISCELLANEOUS TOPICS 


a ‘In Vivo Ultrasonic Tissue Characterization of Human Intracardiac Masses 


STEPHEN E. GREEN, LINDA F. JOYNT, PETER J. FITZGERALD, DAVID S. RUBENSON, and RICHARD 
ok POPP : 


Noninvasive t ti issue characterization was attempted in vivo to separate both apical mural thrombi from the instru- ; 
ment-generated s spurious signals seen on most 2-dimensional ultrasonoscopes, and atrial thrombi from atrial ne- 
_ oplasms. A stochastic analysis of the digitized echocardiographic signals trom 15 patients was performed. ine 
10 subjects with 2-dimensional echocardiograms suggesting mural thrombi, surgery or necropsy confirmed 
+ thrombi in6 and revealed no thrombi (designated artifact) in 4. The amplitude histograms suggested a totally ran: 
dom probability density function in 5 of 6 thrombi and suggested nonrandom probability density function in all 4 
artifacts, All § neoplasms showed nonrandom probability density function. A method for in. vivo ultrasonic: tissue 
characterization to help differentiate thrombi from artifact or neoplasm is described. 
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Technology Further 
Than Ever Before 


With over a million myocardial infarcts in 
the U.S. every year and an associated 30 
percent mortality rate, researchers have be- 
gun concentrating their efforts on drug lysis 
of intracoronary thrombi as a promising 
new avenue of patient management. 2 


Introducing the Ganz-Edwards™ 
Coronary Infusion Catheter 
Advancement of the Coronary Infusion 
Catheter through an angiography catheter, 
already in place at the ostium, permits drug 
infusion inside the coronary arteries at the 
exact site of the clot. 


Because delivery is so specific, drug dilu 
tion is minimized. Shunting of the thrombo 
lytic agent away from the target area into 
proximal branches is dramatically reduced. 

Concentration of the thrombolytic agent 
the target area substantially accelerates clot 
lysis, so Critical in myocardial salvage.$ 


Pressure Monitoring Combined with a 
Radiopaque, Atraumatic Tip 

With sub-selective coronary infusion at the 
forefront of technology, the Ganz-Edwards 
Coronary Infusion Catheter improves the 
technique with these added benefits: 
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) An atraumatic distal 20 cm for safer 
\vancement into distal locations of the 
dronary vasculature. 

) A reduced lumen size for continuous 
essure monitoring and contrast injection 
rough the angiography catheter, without 
usion interruption. 

| A radiopaque distal tip with a level of 
sibility that is unsurpassed. 


Dr over 25 years, American Edwards has 
pen merging promising concepts in critical 


care medicine, with the technology to make 
those ideas tangible. 

From heart valve replacement, to hemo- 
dynamic monitoring, to sub-selective 
coronary infusion. ..helping you improve 
the quality of life is what we're all about. 
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EART DISEASE 


xercise 2- Diielisionat Echocardiography - 
Quar itation of Left Ventricular Performance in Patients With Severe 


gina Pectoris 


_ H. CRAWFORD, MD, K. WRAY AMON, BS, and WILLIAM S. VANCE, MD 


ssess the feasibility and reproducibility of ex- 
imensional (2-D) echocardiography for 

in left ventricular size and performance, 
with angina pectoris due to severe cor- 


and after the administration of ni- 
18 (72%) of the 25 patients, suitable 


corded during upright bicycle ex- 
aar y volume {Simpson s rule), 


s rest, and at eai exercise eaeh 
ain es later at rest, after nitroglycerin at rest, 
at peak exercise. EF increased during control 

the ormal subjects from 57 + 16 to 71 


xercise io alate changes i in left ven- 
-and performance i in response to various 
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+ 22% (p <0.01), but was uoghenged | in: 
tients during exercise before nitroglycerin 
tients (39% ) marked i increases in EF D 


Haiii 3.4 t05.6 + 45, 5 bal wanes ate 
exercise after nitroglycerin (3.4 + 4.0, p 

Intra- and interobserver variability in t 
surements was acceptable. Thus, quan’ 

ventricular performance during exerc 

2-D echocardiography can be accomp 

high proportion of patients with coronary a 
disease (CAD) and can be used to assess thes fect 
of therapeutic interventions. ; ; 
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select group of patients with CAD. Wann et al appl 
an early 30° sector scanner in a similar group of pat. 
to identi exercise- -induced wall motion abnormaliti : 
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xercise, „but the incidence of false-negative studies, was 


raphy, the addition of quantitating global left ventric- 
ular performance has been additive to qualitative wall 
motion analysis and has improved sensitivity for de- 
tecting CAD.’ We recently developed a technique for 
etermining left ventricular volume and EF from 
iapical 2-D echocardiography and the EF measure- 
nts compared favorably to those by radionuclide 
iography.® Accordingly, the purpose of this study 
s to evaluate the feasibility and reproducibility of 
determining left ventricular performance during up- 
right. bicycle exercise in patients with severe CAD and 
‘to document changes produced by the administration 
of nitroglycerin. Also, the observations in patients with 
‘CAD were compared to those in a group of normal 
subjects. 





Methods 


‘Subjects: The patient population consisted of 25 men 
mean age 59 years) who were evaluated because of severe 
angina pectoris. All were in functional class IIT and had a 
‘Bruce protocol treadmill exercise test positive for 20.1 mV 
of flat or downsloping electrocardiographic S-T segment de- 
‘pression and angina pectoris at <7 minutes of exercise. 
‘Eighteen. (72%) were found to have 2-D echocardiograms 
suitable for analysis during upright bicycle exercise. Left heart 
catheterization with left ventriculography and selective cor- 
mary cineangiography were performed within 1 week of the 
exercise echocardiographic study. All patients had at least 1 
vessel with 290% luminal diameter narrowing. Eleven patients 
had 250% narrowing of 3 vessels, 6 had double-vessel disease, 
and 1 had single-vessel disease. Thirteen of the 18 were taking 
propranolol and isosorbide dinitrate. Five were also taking 
digoxin. Due to the severity of these patients’ angina, only the 
Asosorbide. dinitrate was discontinued 12 hours before the 
“study. Ten normal men (mean age 26 years) without evidence 
‘of cardiac or other chronic disease by history, physical ex- 
“amination, electrocardiography, or echocardiography served 
- as a control group. 
-Study procedure: A 2-D echocardiogram, 2-lead electro- 
cardiogram, and blood pressure by cuff sphygmomanometer 
were obtained during the study as follows. First, measure- 
‘ments were made with the subjects at rest, sitting on the ex- 
rcise. bicycle. Then, the measures were repeated at each 
inute during symptom-limited graded upright bicycle ex- 
rcise, performed on a braked bicycle ergometer with an initial 
work load of 150 kpm/min for 3 minutes, which was increased 
by.150.kpm/min at 3-minute intervals. Exercise was discon- 
ued for 30 to. 40 minutes and repeat resting measures were 
tained, Then, 0.4 mg of nitroglycerin was administered 
lingually and after = 10.mm Hg decrease in systolic blood 
ressure, rest. measurements were repeated, followed imme- 
diately by repeat exercise testing using the same exercise 
rotocol. 
: Echocardiographic technique: Two-dimensional echo- 
cardiography was performed with a handheld transducer using 
our previously described upright exercise technique.” All 
‘subjects were studied with the apical 4-chamber and apical 
‘long-axis views using a phased array Varian V-3000 or V-3400 
echocardiograph. Images were stored on 0.5-inch videotape 
for later playback and analysis using the Varian, micropro- 


nd- diastolic and end-systolic volumes were made during 


n studies employing exercise radionuclide angiog- . 


essor-controlled video light pen system. Measurements of >. 
second resting measurements of end: di. 





expiration on, stop-frame images of the biapical orthogonal 


views using Simpson’ s rule. This technique for estimating left 
ventricular size previously has been shown to consistently 
underestimate volume when compared with biplane cinean- 
giography, but correlates well even in patients with marked 
wall motion abnormalities. Since each subject: served. as his 
own control, the volumes were not corrected by regression: 
formulas. EF was calculated in the standard fashion and was’ 
shown in our previous study to accurately estimate bipl: 
cineangiographic and radionuclide angiographic values.® A 
example of 1 apical view at rest and during exercise from. 
the normal subjects is shown in Figure 1. Although endocar 
dium can be appreciated in these stop-frame images, it must 
be realized that photographs of a video stop frame reproduced 
in a journal contain much less detail than is available on the 
original yideo recording. 

Left ventricular wall motion was evaluated by 2.:indepen- 
dent observers for 5 segments of equal arc length in each apical 
view (total 10 segments per subject) and scored as follows: 0 
= normal, 1 = hypokinetic, 2 = akinetic, and 3 = dyskinetic 
as compared with the normal subject’s wall motion for these 
same segments. The 2 observers never disagreed by more than. 
1 grade, and most disagreements involved the hypokinetic and. 
normal grades. Therefore, the average score between the ? 
observers was used in the final analysis. 

Statistical analysis: Five measurement points were ana- 
lyzed in each individual: initial resting measures, peak mea- 
sures during the first exercise, second resting measures, resting 
measures after nitroglycerin administration, and peak mea- 
sures during the postnitroglycerin exercise. A 2-way analysis: 
of variance for repeated measures was employed to test for any 
significant differences between these 5 measurement times 
in all but 2 of the variables (wall motion and blood pressure). 
Individual mean differences were sought by. the Student 
Newman-Keul’s test based on the range. Wall motion score 
and blood pressure were found to have inhomogeneous v ; 
ances, so a Friedman’s test was used to assess significant 
changes in the 5 measurement points, and individual mean. 
differences were sought by the Wilcoxon rank-sum method. 
The data for each measurement time are expressed a as mean 
+ 1 standard deviation. : 

















Results 


Heart rate: In the patients, the first and second 
resting measurements did not differ (65 + 8 versus 60 
+ 13 beats/min), but the resting value after nitroglyc- 
erin administration was significantly increased (78 + 
17 beats/min, p <0.01). Heart rate increased during 
exercise, both before and after nitroglycerin, but there 
was no significant difference between the peak exer: 
values (103 + 19 versus 105 + 23 beats/min). Simi 
results were observed in the normal subjects, except that 
the exercise heart rates were faster. > x 

Systolic blood pressure: There was no: different e 
between the first and second resting measures in 
patients (130 + 13 versus 127 + 10 mm Hg), bu ; 
resting value after nitroglycerin administration as 
significantly lower (114 + 10 mm Hg, p <0.001). At peak 
exercise systolic blood pressure had increased, but there 
was no significant difference in the values before and) 
after nitroglycerin (149 + 26 versus 157 + 22mm Hg). 














Similar results were observed in the normal subjects. 







End-diastolic volume: In the patien first and 


did not differ (both 86 + 32 ml), but the resting value 
after receiving nitroglycerin was significantly decreased 
(71 + 30 ml, p <0.01). The values at peak exercise were 
somewhat higher than the resting values, both before 
and after nitroglycerin, but did not differ significantly. 
By contrast, in the normal subjects, the values at peak 
exercise were significantly higher than the corre- 
sponding values at rest (106 + 31 versus 88 + 28 ml, p 
<0.05) before and after nitroglycerin (97 + 44 versus 65 
+ 22 ml, p <0.05). Also, peak exercise end-diastolic 
volume was significantly lower after nitroglycerin ad- 
ministration (97 + 44 versus 106 + 31 ml, p <0.05). 
Ejection fraction: There was no significant differ- 
ence in EF in the patients at any point in the study. 
However, 7 patients exhibited a marked increase in EF 
(>0.05 units) during exercise after nitroglycerin as 
compared with the control exercise values (Fig. 2). EF 
increased markedly in the normal subjects with exercise 
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from 57 + 16% to 71 + 22% (p <0.01) before adminis- 
tration of nitroglycerin and from 58 + 22% to 74 + 16% 
(p <0.01) after nitroglycerin (Fig. 3), but the postni-, 
troglycerin values did not differ from the corresponding 
control values. 

Wall motion score: The wall motion abnormality 
score in the patients did not differ in the 2 resting 
studies before nitroglycerin (2.6 + 3.4 versus 2.6 + 3.7). 
After nitroglycerin it was lower, but not significantly so 
(1.7 + 2.6). The wall motion abnormality score increased 
at maximal exercise as compared with rest before ni- 
troglycerin (5.6 + 4.5 versus 2.6 + 3.4, p <0.001) and 
after nitroglycerin (3.4 + 4.0 versus 1.7 + 2.6, p <0.005). 
However, the value at peak exercise after nitroglycerin 
was significantly lower than that before nitroglycerin 
(3.4 + 4.0 versus 5.6 + 4.5, p <0.001) (Fig. 4). The nor- 
mal subjects showed no wall motion abnormalities at 
rest or during exercise. 





FIGURE 1. Apical long-axis view from a normal subject. Top left, end-diastole at rest; end-diastolic volume = 106 ml. Top right, end-systole.at 
rest; EF = 51%. Bottom left, end-diastole during peak exercise; end-diastolic volume is larger than at rest at 140 ml. Bottom right, end-systole 
at peak exercise. Note the smaller end-systolic volume as compared with at rest, resulting in a higher EF of 78%. 
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4 QUANTITATIVE 2-DIMENSIONAL ECHOCARDIOGRAPHY DURING EXERCISE 
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Reproducibility: The 2 resting control studies before 
and after the first exercise test made it possible to 
evaluate the individual reproducibility of the echo 
measurements from time to time by the same observer 
(intraobserver). The mean difference in end-diastolic 
volume was 8 ml, or 9% of the initial value. Wall motion 
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-e FIGURE 3. Mean EF at rest, during the peak of control exercise, and 


exercise after nitroglycerin (PNTG) in the patients and normal (Norm.) 
subjects. (See text for details.) 
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FIGURE 2. Apical long-axis echo- 
cardiograms during exercise from 
1 patient in whom wall motion and 
EF improved after nitroglycerin. Top 
left, end-diastole at the peak of 
control exercise; end-diastolic 
volume = 121 ml. Top right, end- 
systole from the same cardiac 
cycle. Note the poor contractile 
effort, especially at the apex. EF = 
"RE 13%, a decrease from 30% at rest. 
| M i Bottom left, end-diastole at peak 
exercise after nitroglycerin admin- 
istration. The end-diastolic volume 
has decreased to 108 mi. Bottom 
right, end-systole from the same 
cardiac cycle. Note the improve- 
ment in apical contraction. The EF 
has increased, as compared with 
control exercise, to 22%. 


classification was discordant at 9 (5%) of 170 sites, but 
never greater than 1 gradation and never concerning 
dyskinetic segments. Also, the maximal number of 
discordant sites in any patient was 2. In addition, be- 
cause of the subjective nature of wall motion classifi- 
cation, 2 individuals reviewed all the studies indepen- 
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FIGURE 4. Mean wall motion score is depicted for each stage of the 
study. pNTG = postnitroglycerin. 
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(interobserver) and the mean number of dis- 
at segment classification was 14% (23 of 170 seg- 
gain, the differences were never more than 1 
and the exercise studies were as consistent as the 
ones. Furthermore, 4 patients consented to re- 
e entire protocol in order to evaluate the in- 
reproducibility of the echo measurements 
ise. The mean difference in end-diastolic 
irst exercise test (control) was 8 ml and 
(after nitroglycerin) was 4 ml. The mean 

n EF was 4% and 3%, respectively. 


Discussion 


Our results demonstrate that biapical 2-D echocar- 
ograms of sufficient quality for quantitating left 
sntricular global performance can be obtained during 
pright bicycle exercise in many patients with CAD. 
cess rate of 72% for quantitative and qualitative 
s during upright exercise is similar to that of 71% 
Wann et al and 78% by Morganroth et alf for the 
itative assessment of wall motion abnormalities 
during supine exercise. Also, the 80% success rate 
rted by Maurer and Nanda!? for the qualitative 
alysis of echoes recorded with the patient in the su- 
ine position immediately after treadmill exercise is not 
uch better. In a previous study, we demonstrated that 
sting wall motion assessment by biapical 2-D echo- 
diography compared favorably with that by biplane 
angiography and radionuclide angiography." Also, 
e interobserver agreement in qualitative wall motion 
nalysis of 86% is similar to that of 95% reported by 
organroth et al® during supine exercise. In addition, 
terobserver variability in the quantitative 2-D 
diographic measurements of left ventricular 
ance at rest and on exercise are comparable to 
ported for measuring left ventricular EF during 

by radionuclide angiography. 12 
jur exercise EF results in the patients with CAD 
exhibit 1 more variability than those reported in other 
tudies using radionuclide angiographic techniques. 
_ studies using radionuclide angiography have 
shown. a decrease in exercise EF, especially if the patient 
develops ; angina pectoris, as did all our patients.!3 Pa- 
tients with CAD who do not have angina have been re- 
orted to show no. change in EF. 14 We observed no sig- 
nt difference in mean EF during exercise as 
with during rest, despite the fact that the 
eased markedly in 11 patients, because 3 
shange and EF increased in 4. Although most 
studies show an occasional patient whose 
eases with exercise, our group was unusual in 
e fifth showed this response. Technical differ- 
ay explain this discrepancy. Since exercise ra- 
ide angiography uses only 1 view, the biplane 
ities of our 2-D echo approach may detect com- 
at 0 ry ee i in normal eared during 


es were Shiota soon alter exer- 
eft ventricular function may be 


EF was unchanged by nitroglycerin at rest and or 
exercise in both groups. The EF results in norm 
subjects are similar to those reported in others usi 
radionuclide techniques,!5-16 but some studies in CAI 
patients have shown an improvement in exercise EF 
following nitrates.!6 However, these radionuc 
studies used:supine exercise, the results of which n 
differ from upright exercise, which we used. Also, t 
differences may represent patient population variatio 
since in our patients with severe CAD, only 7 shov 
significant improvement in exercise EF after the 
ministration of nitroglycerin. 

The clinical utility of biapical 2-D exercise echocar 
diography remains in question. Although the apica 
approach allows for the visualization of the entire lef 
ventricle in 2 orthogonal planes, a large area of endo 
cardium is parallel to the sound beam. Poor endocardial 
images was the major limitation in the study, since our 
upright exercise echo technique minimizes problem: 
with patient movement and all measurements. wer 
made during expiration when the heart is relativel 
stationary in the chest. By contrast, the almost 100° 
success rate of radionuclide angiography makes it a 
attractive procedure. However, echocardiographi 
equipment is less expensive and may be more readil: 
available, and the lack of any potentially harmful ra 
diation exposure makes serial studies before and afte 
pharmacologic interventions feasible. oe 

We believe that the addition of a quantitative as 
sessment of left ventricular global performance, as 
have described, will enhance the value of exerc 
echocardiography. The current study, however, was no 
designed specifically to assess this hypothesis, bu 
rather to establish the feasibility and reproducibilit 
of acquiring studies suitable for quantitative analysis 
If the experience with radionuclide studies during ex 
ercise is shown to be applicable to echocardiography. 
then the sensitivity for detecting CAD will be increased 
by assessing global left ventricular performance. Also 
an assessment of left ventricular function during exer 
cise is valuable in studying symptoms in patients w 
known CAD, as is demonstrated in our study. All of ot 
patients had angina and poor treadmill exercise toler 
ance, but in only 11 was the reduced exercise capacit: 
due to a deterioration in left ventricular performan 
In addition, nitrate administration improved exercis 
performance in 6 of these 11. Therefore, if furt 
technological improvements i increase the inciden 
high quality studies, exercise biapical 2-D echoc 
ography could become an important addition 
evaluation of patients with suspected or overt CAD 
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Importance of Complete Revascularization in Performance 
Of the Coronary Bypass Operation 


ELLIS L. JONES, MD, JOE M. CRAVER, MD, ROBERT A. GUYTON, MD, 


DAVID K. BONE, MD, CHARLES R. HATCHER, Jr., 


NORMAN RIECHWALD, PA 


Cardiac Data Bank records of 1,238 patlents with 
triple-vessel disease (250% diameter reductlon) 
who had undergone coronary bypass surgery were 
reviewed and divided Into 2 groups depending on 
whether complete (n = 773) or Incomplete (n = 
465) revascularlzation had been accomplished. 
Patients with complete revascularization had a 
higher Incidence of a normal preoperative electro- 
cardiogram than did patients with incomplete re- 
vascularization (23 versus 14%, respectively, p 
<0.0001). The ejection fraction for both completely 
and incompletely revascularized patients was good 
(m = 0.60 and 0.57, respectively). The mean num- 
ber of grafts per patient for the 2 groups was 3.8 and 
2.6 (p <0.0001). There was no significant difference 
between the 2 groups with regard to postoperative 


A number of factors in the development of the coronary 
bypass operation have served to reduce hospital mor- 
tality, improve qualitative results, and increase long- 
term survival. One of these factors has been the tech- 

nical ability to bypass smaller and often more diseased 
arteries and offer more “complete” revascularization 
to a progressively larger patient population. However, 
a comprehensive look at the effects of complete revas- 
cularization have only briefly been alluded to in the 
past.!> Furthermore, clinical factors important in de- 
termining which patients will be candidates for com- 


plete revascularization have been infrequently dis- 


cussed. 

The purpose of this Moma study is 2-fold: first, 
. to define those clinical descriptors which influence 
satisfactory or unsatisfactory revascularization, and 
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inotropic requirements (8 and 7%), ventricular ar- 
rhythmias (1.8 and <1%), necessity for intraaortic 
balloon pumping (1.6 and 1.5%), hospital mortality 
(1.2 and 2.8%), or myocardial Infarction (4.3 and 
4.8% ). Survival at 5 years was significantly greater 
(p <0.001) In patients with complete (88.5 % ) than 
in those with incomplete revascularization (83.5 % ). 
Reemployment occurred more often in patients with 
complete (52% ) than in those with Incomplete re- 
vascularization (40%) (p <0.001), and more pa- 
tients were free of angina after complete (70%) 
than after Incomplete revascularization (58% ) (p 
<0.0005). Long-term survival appeared to be 
mediated primarily through Improved revascular- 
Ization rather than through differences In left ven- 
tricular function. 


second, to define the differences in hospital mortality, 
perioperative complications, symptomatic improve- 
ment, and long-term survival effected by the com- 
pleteness of the revascularization process. 


Methods 


Cardiac Data Bank records of 1,238 patients who underwent 
isolated coronary bypass surgery from January 1973 through 
March 1982 were retrospectively analyzed. All patients se- 
lected for this study had triple-vessel disease with >50% re- 
duction in luminal diameter of the left anterior descending, 
the circumflex or its major branches, and the right coronary 
artery. Patients were classified into 1 of 2 groups on the basis 
of whether complete or incomplete revascularization had been 
performed. Complete revascularization was accomplished if 
any artery to those regions usually supplied by the left anterior 
descending, the circumflex, and the right coronary artery was 
bypassed. Inability to perform bypass grafting to arteries 
supplying 1 or more of these 3 areas was considered incom- 
plete revascularization. For instance, when a lateral circumflex 
artery was bypassed (but not an obstructed posterolateral 
marginal branch) or when the left anterior descending artery 
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TABLE I| Clinical Profile and Risk Factors for 





Revascularlzation Series 
Revascularization 
Complete — Incomplete 
Descriptor n % n % ydus 


recent MI to surgery 
ae ; tive heart 50/651 8 42/397 11 NS 
ure 

Systemic hypertension 271/707 38 174/432 40 NS 
Diabetes møllltus. 106/697 15 61/429 14 NS 
Coronary event before 198/501 40 98/274 36... 
age 55 in another 

family member 


NS = not significant. 


TABLE II Infarction and Cardiomegaly Pattern of 
Revascularization Groups 





Revascularization 





Complete Incomplete ; 
ee ee Oe ee P. 
Descriptor n % n % Value 
Norma! ECG before 148/632 23 55/383 14 <0.001 
- _ surgery . : 
ECG Q waves before 
surgery 
Anterior 47/686 8 36/415 9 <0.05 
Inferior 219/686 32 157/415 38 owe 
Chest radlograph ‘ 
Normal 407/526 77 274/342 80 NS 
Cardiomegaly 98/526 19 56/342 16 NS 


ECG = electrocardiogram; NS = not significant. 


was bypassed but a significantly obstructed diagonal branch 
remained ungrafted, then complete revascularization was said 
to have been accomplished since both the obtuse margin of 
the heart and anterior wall, respectively, received grafts to the 
area at risk. : 

Patients excluded from analysis were those with previous 
coronary bypass surgery, left ventricular aneurysm, left 
dominant circulation, combined operative procedures, and 
left main coronary artery disease, or patients who had had 
coronary bypass surgery within 30 days of myocardial in- 
farction. ates 

Systemic hyperterision was defined as blood pressure ele- 
vation sufficiently severe to require antihypertensive medi- 
cation at some time before cardiac catheterization. Congestive 
heart failure was said to be present if thére was a history of 
dyspnea or orthopnea or if the patient had objective evidence 
of alveolar or interstitial pulmonary edema before catheter- 
ization. Unstable angina was defined according to the criteria 
of Logue et al® and did not require the presence of electro- 
cardiographic ST-T changes. Pressure of cardiomegaly was 
determined by excessive enlargemént of the cardiac silhouette 
on admission chest radiography. 

Evaluation of left ventricular function was performed by 
angiographic analysis of left ventricular regional wall motion, 
ejection fraction (right anterior oblique), and resting end- 


‘e 


TABLE II Characteristics of Left Ventricular (LV) 





Function 
Revascularization 
Complete incomplete 
; p 
Descriptor n % n % Value 
LV wall motion’ 
Normal 409/768 53 193/459 42 ..., 
Hypokinetic 137/768 18 89/459 19 <0.005t 
Akinetic 222/768 29 177/459 39 “nek 
LV end-diastolic 132/725 18 78/440 18 NS 
pressure > 15 
mm Hg at rest 
* Anglographic, hypokinetic, and akinetic wall motion abnormalities 


esent if 1 or more wall were 80 Classified angiographically. 
Represents the statistical difference between all 6 variables con- 
sidered as a group. NS = not significant. 


TABLE IV Operative Profile 





Revascularization 








a: p 
Descriptor Complete Incomplete Value 





Mean gate panant (n) 3.8 2.6 <0.0001 
Mean AoCCT /graft (min) 11 13 <0.0001 


Sequential or Y grafts 218/773 78/485  <0.05 


(28%) (16%) i 
AoCCT = aortic cross-clamp time. 





TABLE V_ isolated Coronary Artery Bypass Hospital 








Mortality 
Mortality 

Year n % 
1973-1974 16/213 | 7.0 
1975-1976 9/560 1.6 
1977-1978 15/1,565 0.9 
1979-1980 12/2,189 0.5 
1981 14/1,216 11 





diastolic pressure. Normal and mild impairment of segmental 
wall motion were treated as normal. Moderate and severe 
impairment were classified as abnormal. 

. Operative technique: A disposable bubble oxygenator and 
systemic hypothermia to 28°C nasopharangeal:were used in 
all patients. Since 1975, patients have received propranolol 
therapy up to the time of surgery. Cold (4°C) potassium or 
potassium hyperosmolar cardioplegia has also been used since 
then for myocardial preservation (hyperkalemic solution: 
potassium chloride solution [20 mEq/liter] buffered to pH 
7.40). Hyperkalemic-hyperosmolar solution (concentration 
in mEq/liter): potassium, 28; the bicarbonate radical, 9.3; > 
sodium, 95.7; dextrose (50%), 3.2 ml; mannitol (15%), 200 ml 
with sterile water to 1,000 ml; pH 8.1; osmol = 415 mosmol at 
room temperature. Left ventricular filling pressure, cardiac 
output, and peripheral resistance are routinely monitored with 
a Swan-Ganz catheter. Since 1976, an uninterrupted cross- 
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Average Number of Grafts / Patient 
K 
an 





1974 T 1976 1976 1977 4 1978 1979 1980 1981 1 1982 


Yesrs 
FIGURE 1. Relation between Kubar of A per patlent and year of 
Sur gery. 


clamp technique has been used to perform all distal anasto- 
moses. Coronary endarterectomy was not used in any pa- 
tient. 

Perioperative data analysis: Patients were > classified as 
inotropic-dependent if they required an intravenous infusion 
of drugs to maintain blood pressure or adequate cardiac out- 
put after cardiopulmonary bypass. Perioperative infarction 
was said to have occurred if there was development of elec- 
trocardiographic new Q waves of 20.04-second duration. 
Hospital or operative mortality included any death océurring 
in the hospital from complications directly attributable to the 
opération. Survival curves were calculated by the actuarial 
method according to Cutter and Ederer’ with time zero being 


the date of operation. Statistical differences between patient . 


groups were determined by chi-square analysis. All survival 
curves depict gross and not cardiac survival. 

Because of the voluminous amount of data relating to such 
a large patient population, the number of patients involved 
in any given comparison frequently varied as a function of 
- missing data for the variables involved. Missing data weré 
usually attributable to clinical evaluation and cardiac cathe- 
terization performed outside our medical facility. 


Results 


_ The total series included 773 patients with complete 
and 465 with incomplete revascularization. The mean 
age of both groups of patients was 56 years, and 88% and 
87% of the groups, respectively, were male. 

"There was no difference in the preoperative anginal 
pattern in the 2 groups of patients, with approximately 
67% of the patients in ‘each category having unstable 
angina pectoris. Approximately 50% of the patients in 
éach category had pain at rest. The duration of angina 
for both groups of patients was 41 months. Risk factors 
such as hypertension and a history of family membets 
aged <55 years with a past coronary event were a sig- 
nificant finding in both groups of patients. However, 
there was no statistically significant difference in the 
incidence of these risk factors between the 2 groups 
(Table I). 

A higher percentage of sationts with complete. re- 
vascularization had a normal preoperative electrocar- 
diogram than of wees he nea revascularizat- 
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~ FIGURE 2. Frequency of complete revascularization as a function of 


year of surgery. 


ion, and the difference was statistically significant. The 
incidence of preoperative anterior transmural infarction 
in patients with incomplete revascularization was 
slightly higher than in those with complete revascu- 
larization. There was no significant difference in the 
incidence of cardiomegaly between the 2 groups (Table 
TI). 

Catheterization profile: left ventricular function: 
Angiographic analysis of left ventricular wall motion 
revealed that a significantly higher percentage of pa- 
tients in the completé revascularization group had 
normal or minimally depressed contraction pattern, 
with a significantly higher incidence of 1 or more aki- 
netic left ventricular wall segments in the incomplete 


‘revascularization group. There was no difference in the ` 


percentage of patients having increased resting left 
ventricular end-diastolic pressure (Table III). The mean 
ejection fraction was 0.60 for patients with complete 
revascularization and 0.57 for those with incomplete 
revascularization (p <0.001). Although the difference 
achieved statistical significance, both values were well 
within normal range and the difference was not clini- 
cally significant. However, the percentage of patients 
with an ejection fraction <0.40 was significantly higher 
in the incomplete than in the complete réevascularization 
group (10%, 44 of 436 patients; and 5.8%, 41 of 712 pa- 


tients, respectively; p <0.005). The incidence of mitral ` ` 


regurgitation (mild to moderatė). was not significantly 
different in the 2 groups, averaging 4% (27 of 705) for the 
completely revascularized group and 4. 7% (17 of 433) 
for the incompletely revascularized group. . 

' Operative profile: The mean humbe of grafts 
performed per patient was significantly higher in pa- 
tients with complete than in those with incomplete re- 
vascularization. In addition, the mean aortic cross- 
clamp time per graft was higher in those with incom- 
plete revascularization. The greater number of grafts 
in the completely revascularized group was largely ac-" 
complished by using sequential grafting techniques or 


__ by taking advantage of natural Y-graft branches (Table 


IV). Figure 1 shows the average number of grafts per- 
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TABLE VI Perloperative Complications 





Revascularlzation 





Complete incomplete 





p 
Descriptor n % n % Value 


Inotropic requirements 62/773 80 33/465 7.1 NS 
Ventricular arrhythmia 14/773 1.8 4/465 <1.0 NS 
‘requiring lidocaine 








treatment (in OR) 
IABP . 12/773 1.6 7/465 15 NS 
Hospttal mortality 9/773 1.2 13/465 28 NS 
New Q waves 27/630 4.3 18/372 48 NS 








IABP = intraaortic balloon pumping; NS = not significant; OR = 
operating room. 


formed per patient in the years 1974 through 1982.’ 


Figure 2 shows the progressive increase in the per- 
` centage of patients receiving total revascularization 
throughout the years of the study. Hospital mortality 
by year of surgery is shown in Table V. 
Perioperative complications: Surprisingly, there 
was no difference in the incidence of inotropic re- 
quirements, ventricular arrhythmias, or intraaortic 
balloon pumping after coronary bypass in patients with 
complete and incomplete revascularization. Although 
hospital mortality was higher in patients with incom- 
plete than in patients with complete revascularization 
(2.8 versus 1.2%, respectively) this difference did not 
achieve statistical significance. The incidence of 
perioperative electrocardiographic new Q waves was 
slightly over 4% for the 2 groups of patients (Table 


Follow-up: Approximately 80% of patients in both 
groups were employed before coronary bypass surgery. 
However, 52% of the patients with complete revascu- 
larization were working at the time of follow-up, com- 
pared with only 40% of those with incomplete revascu- 
larization; this difference was highly statistically sig- 
nificant. 

Of the patients with angina before surgery who had 
complete revascularization, a higher number were free 
of angina at follow-up compared with those with in- 
complete revascularization (70 and 58%, respectively) 
(Table VII). The average interval between surgery and 
follow-up evaluation was 22 months for those with 
complete and 26 months for those with incomplete re- 
vascularization. 

The 5-year survival rates for patient with complete 
and incomplete revascularization were 88.5 and 83.5%, 
respectively (Fig. 3); this difference was significant (p 
<0:001). 


Discussion 


As noted by others,!” the concept of complete re- 
- vascularization is difficult to communicate, and there- 
fore a regional myocardial definition has been substi- 
tuted for the traditional one which required a bypass 


graft to every significantly obstructed coronary artery.’ 


It was felt that more importance should be given to the 
ability. or inability to revascularize an entire region of 


TABLE Vil Follow-Up Profile 














Revascularlzation 
Complete Incomplete 
Descriptor n % n % Wee 
Months followed after 22 ... ` 26 <0.005 


surgery 
Employed before surgery 494/626 78 294/364 81 NS 
Employed after surgery 319/618 52 144/359 40 <0.001 
Anginal status ' 


None 426/610 70 206/358 58 <0.0005 
Improved 153/610 25 123/358 34 NS 
Same or worse 31/610 5 29/3858 8 NS 








NS = not significant. 


myocardium (anterior wall, obtuse margin, or inferior 
surface). Clinical data obtained from patients in whom 
it is not possible to revascularize an entire cardiac seg- 
ment should demonstrate a difference in early and late 
clinical results from those in whom all regions of the 
myocardium have been grafted. Patient with complete 
revascularization as defined by the traditional concept, 
in which every significantly obstructed artery must be 
bypassed, are not likely to demonstrate a significant 
clinical difference from those with incomplete revas- 
cularization when the only operative difference might 
be an unbypassed branch vessel such as the left anterior 
descending diagonal, a left ventricular branch of the 
right coronary system, or only 1 of several obtuse mar- 
ginal arteries, 

Classification of patients into revascularization 
groups at the time of surgery rather than at postoper- 
ative catheterization as reported in previous studies*> 
was done in order to evaluate preoperative variables as 
predictors of future clinical performance and to obtain 
a sample size large enough for meaningful statistical 
analysis. In our patient population, only 8.7% of the 
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completely and 17.4% of the incompletely revascularized 
group had recatheterization data available for analysis. 
The fact that the major indication for recatheterization 
was recurrent ischemic symptoms precluded any 
; meaningful conclusions based upon arteriographic 
studies; for this reason, such an analysis of postoperative 
catheterization information would have been biased and 
misleading. 

Only patients with triple-vessel disease were included 
in this report. Previously reported series!4 included 
many patients with single- and double-vessel disease, 
and the heterogeneity of these patient populations ex- 
plains many of the differences in results in the present 
series and others. 

Incomplete revascularization has usually been at- 
tributed to myocardial fibrosis, minute vessel size, or 
diffuse atherosclerosis.! Even though the number of 
grafts per patients and the percentage of patients with 
complete revascularization has increased progressively 
over the years, reduction in hospital mortality is not 
necessarily a direct effect of these 2 factors as was pre- 
viously suggested.8 Decreases in hospital mortality and 
perioperative complications over the years are probably 
related more to improved anesthetic and surgical 
techniques, myocardial preservation, reduced intra- 
operative catastrophes (such as aortic dissection and 
massive intraoperative infarction), and better phar- 
macologic management in the postoperative period than 
to completeness of revascularization. This finding dif- 
fers from those in previous studies.? 

The lack of correlation between electrocardiographic 
evidence of postoperative myocardial damage and in- 
ability to revascularize an entire segment of myocar- 
dium suggests that perioperative infarction is related 
more to reperfusion injury in the area supplied by the 
grafted artery than to insufficient blood flow through 
the native circulation at the conclusion of the operative 
_ procedure.® 

The relation between completeness of revascular- 
ization and long-term survival was found to differ from 
the effect of complete revascularization on hospital 
mortality. In the present study as well as previous re- 
ports,!2 5-year survival is significantly improved in 
patients with complete revascularization. However, this 
finding differs from observations in patients assigned 
to revascularization status according to graft patency 
and freedom from new disease 1 year after surgery. 
When revascularization status was so defined, no dif- 
ference in long-term survival could be demonstrated in 
patients with complete or incomplete revasculariza- 
tion. 

Several studies?-10.!1 have noted that late postoper- 
ative mortality was significantly elevated in patients 
with angiographic segmental wall motion abnormalities. 
This raises the question of whether improved long-term 
survival after complete revascularization in this group 

, might be mediated primarily through better left ven- 
tricular function rather than through more extensive 
revascularization. As demonstrated in the present 
study, patients with incomplete revascularization had 
a high incidence of angiographic segmental wall motion 
abnormalities, which were probably a result of signifi- 


cant ventricular fibrosis and decreased segmental blood 
supply. However, other than depression of segmental 
wall motion, there was no clinical difference in left 
ventricular function (mean ejection fraction, left ven- 
tricular end-diastolic pressure) in patients with com- 
plete and incomplete revascularization, and therefore 
the mechanism of increased long-term survival was 
probably mediated through better revascularization. 
Loop et al! reported that patients with complete re- 
vascularization have a 5-year survival rate of approxi- 
mately 94%, compared with 88% in those with incom- 
plete revascularization. In some series in which com- 
plete revascularization was defined at the time of 
postoperative cardiac catheterization, the survival rate 
in totally revascularized patients was even higher.’ In 
our own group, the lower 5-year survival rates of 88.5 
and 83.5% for completely and incompletely revascu- 


-larized patients can be explained by admission into the 


study of only patients with triple-vessel disease. 

Considerable evidence supports the fact that patients 
who still have symptoms after coronary bypass surgery 
have either incomplete revascularization, graft closure, 
or progression of disease distal to the anastomosis. !18 
The important relation of complete revascularization 
to alleviation of angina is demonstrated in the study of 
Cuckingnan et al.5 Of patients with complete revascu- 
larization (all grafts patent and no new disease), 87% 
had no angina at the time of follow-up. In those with 
incomplete revascularization but all grafts patent, ab- 
sence of angina was present in only 42%, further dem- 
onstrating the adverse effect of leaving a segment or 
region of myocardium unrevascularized. In our own 
series, 70 and 58% of patients with complete and in- 
complete revascularization (as defined) had no angina 
at the time of follow-up; these results agree with the 
findings of previous reports.!-14 

In the present series, a retrospective analysis of em- 
ployment status for patients with either complete or 
incomplete revascularization revealed that equal 
numbers of both groups were employed before surgery. 
However, after coronary bypass a significantly higher 
proportion of the patients with complete revascular- 
ization returned to work. 

In summary, the definition of complete revascular- 
ization has been made according to region of myocar- 
dium perfused rather than anatomic vessel site. Ability 
to achieve complete revascularization was not adversely 
influenced by anginal pattern, duration of angina, heart 
failure, hypertension, diabetes, or cardiomegaly. 
Complete revascularization was more likely to be 
achieved in patients with a normal electrocardiogram . 
preoperatively, angiographically normal left ventricular 
wall motion, and ejection fraction >0.40. Perioperative 
complications such as reduced cardiac output, ven- 
tricular ectopy, and myocardial infarction were not 
significantly affected by completeness of revascular- 
ization. Although hospital mortality was slightly greater 
in partly revascularized patients than in those with total ` 
revascularization, this difference did not achieve sta- 
tistical significance. From the present study, complete 
revascularization was found to significantly enhance a 
patient’s chances of returning to employment, being 
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angina-free, and having better long-term survival. Al- 
though the latter may be mediated through better left 
ventricular function in candidates for total revascu- 
larization, the observation that mean ejection fraction 
and resting left ventricular end-diastolic pressure did 
not differ significantly in the 2 groups suggests that 
improved long-term survival is truly accomplished by 
more complete myocardial revascularization. Consid- 
eration should be given to performing as many grafts as 
possible with the hope that regional revascularization 
will be preserved should there be progression of arterial 
disease or later graft failure. 
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Antianginal Efficacy and Improved Exercise 


Performance With Timolol 


baap Beta Blockade. in Ischemic Heart hei 


FRED J. HARRIS, MD; REGINALD ` 


LOW, MD, LINDA PAUMER, MA, 


EZRA A. AMSTERDAM, MD; and DEAN T. MASON, MD 


:Antlanginal’ efficacy and Improved exercise per- 
a new beta-adrenergic . 
blocking agent, was assessed in 23 patients with. 
chronic stable angina pectoris in an 11-week dou- : 
ble-blind, placebo-controlled study. Twenty-two of - 
the 23 subjects completed the open-label phase of ` 
this investigation (weeks 0 to: ‘6) while receiving 10 
to 30 mg of timolol twice dally to optimize exercise . - 
capacity. Weekly anginal episodes and nitroglycerin‘: 


formance with timolol, 


consumption declined from 8.9 + 9.1 eplsodes/ 


week and 8.1 + 10.6 tablets/week, respectively. : 
with placebo to 2.7 + 5.2 eplsodes/week and 2.6. . 


+ 6.0 tablets/week with optimal timolol dose. (p 


. <0.05). Resting heart rate (HR).and systolic blood — 
-pressure (SBP) also decreased from 75.2 + 14.0 


beats/min, and 139.1 + 15.7 mm Hg with placebo 
to 55.1 + 8.9 beats/min and 130.5 + 15.9 mm Hg 


‘ with timolol (p <0.05). Peak exercise HR, peak. . ` 
exercise SBP, and peak exercise double product: 
(HR X SBP) were significantly (p <0.05) reduced - 
when evaluated 12 to 13 hours after adminlstratlon 
‘of timolol compared with placebo (101.5 + 21.1 -. 


beats/min versus 193.3 + 96.2 beats/min, 161.5 + 
26.7 mm Hg versus 175.6 + 20.8 mm, Hg, and 16.6, 
+ 5.1 X 1073 versus 21.7 + 5.4 X 107°, respec- 


tively). Exercise duration was prolonged from 263.3 
. + 90.2 seconds to 330.3 + 73.9 seconds (p <0.05), 


_-while time to onset of 1 mm S-T depression 
- was delayed in 15 patients from 231.8 + 86.4 sec- 
_onds to 298.7 + 68.4 seconds (p` <0.05). 


segment 


During the double-blind phase (weeks 7 to 10), 


. 8 subjects recelved timolol and 11 patients received 
- placebo. Nitroglycerin consumption at weeks 8 and’ 
.10 and anginal frequency at week 8 were un- 


changed compared with Initial placebo treatment. 


` Resting HR, peak exercise HR, and peak exercise 


double product were significantly attenuated at: 
weeks 8 and 10 In timolol patients compared with 
thelr initial placebo exposure. However, these 


varlables were unchanged In placebo subjects 


compared with their initia! placebo therapy. Exer- 
cise duratlon was agaln prolonged at week 8 In ti- 


_-molol subjects compared with initial placebo results | 


(315.1 + 61.2 seconds versus 261.3 + 68.8 sec- . 
onds, p <0.05), but not at week 10. Placebo patients 
demonstrated no difference at week 8 or 10 in ex- 
ercise performance compared with initial placebo 


. :-treatment. 


. Timoloi twice dally, therefore, I potentially useful 


`” jn'some patients with angina pectoris. Other patients 


may, however, require a shorter dose interval for. - 


_ optimal angina control and maximal improvement 


in exercise OPRET: 





Beta-adrenergic blocking agents are widely used forthe ` 
treatment of angina pectoris in patients with coronary ` 
` heart disease, in whom’ their beneficial effects’ on 
symptoms and exertional. capacity have been estab- ` 
‘lished.’ These effects have been reported with beta- © 
blocking agents requiring’ multiple daily doses23 and 
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recently with drugs of this class which can be admini: 


tered only once or twice a day to attain the desired 


. ` therapeutic goal in angina.45 However, due to bother- 
‘some and occasionally serious adverse effects,® interest 

- continues in the identification of other beta blockers 
Tequiring only once-, or twice- daily administration for 
treatment of angina. 


-Timolol maleate ([-]-L-Tert- butylamino-3- [4-mor- ` 


l pholino- 1,2,5,thiodiazol-3yloxy]-L-propranolol hy- 
_ drogen maleate) is a relatively new beta-adrenergic 


blocking agent which has demonstrated effectiveness 
in the treatment of mild to moderate hypertension.’ It. 
has a nonselective effect on beta-adrenergic receptors, 


` little or no membrane stabilizing activity, and no in- 


trinsic sympathomimetic activity. It has a less potent _ 
intrinsic negative inotropic effect: than that of pro- 


i 
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TABLE Patient Data 














: Initlat Treadmill 
Age (yr) Timolol Dose History Mi on Coronary ey a 
Case & Sex BT/DB (mg) of MI ECG Anglogram CABG AP s-t} 

1 71M 60/40 - 3 VD + + + 

2 61M 60/60 = — 1 VD E + + 

3 54M 40/40 + IMI 3 VD = + + 

4 57M 40/40 - — 2 VD = + + 

5 69M 20/20 = IMI 3 VD ~ + + 

6 59M 60/40 = = None = + + 

7 43M 40/40 = IMI 3 VD = + = 

8 54M 40/40 + IMI 2 VD + + + 

9 88M 20/— = = 3 VD = + + 
10 49M 40/— + AMI 1 VD = + + 
11 65M i 20/— E - 1 VD — + + 
12 57F 20/20 = = Normal m + + 
13 54M 20/— + = 2 VD + + + 
14 67M 20/P — = 1 VD - + + 
15 64M 20/P + — 2 VD + + + 
18 44M 40/P = IMI 1 VD = + + 
17 54M 40/P F = 2 VD - + + 
18 56M 60/P - E 3 VD + + + 
19 72M 40/P + = 3 VD = + + 
20 62M 20/P + IMI 3 VD + + - 
21 63M 20/P + = 3 VD + + + 
22 62M 60/P = = none = + + 
23 50M 40/P = — 2 VD F + + 

AMI = anterior myocardial infarction; AP = episode of angina pectoris; BT = best treatment, weeks 3 to 5; CABG = coronary artery bypass 
.graft surgery; DB = double blind, weeks 8 to 10; IMI = Inferlor myocardial Infarction; MI = myocardial Infarction; P = placebo: 7 ‘=21mm 


S-T segment depression; 1. 2, or 3 VD = 1-, 2-, or 3-vessel coronary artery disease; + = present; — = absent. 


pranolol in a dose that produces equipotent beta-ad- 
renergic blockade.®° Recently, timolol reduced long- 
term mortality in survivors of acute myocardial in- 
farction.!° Preliminary data indicate that this drug also 
decreases the frequency of anginal attacks and enhances 


exercise performance in patients with stable angina . 


pectoris.!!.12 Little information is available, however, 
on the antianginal efficacy of timolol during long-term 
maintenance therapy. 

_ We, therefore, evaluated the effect of 10 to 30 mg 
twice daily timolol upon anginal frequency and exercise 
capacity over a sustained time interval. 


_ Methods 


Patients (Table I): The study group consisted of 23 pa- 
tients (22 men and 1 woman; mean age 58.9 years, range 43 to 
72) with chronic stable angina pectoris from the Cardiology 
Clinic, University of California, Davis, Medical Center. All 
subjects had exercise-induced S-T segment depression 21.0 
mm on the electrocardiogram or significant disease defined 
as >70% narrowing of luminal diameter, or both, in at least 


1 major coronary artery documented by coronary angiography. 


Six patients had a history of myocardial infarction only 
without electrocardiographic confirmation, while 5 had evi- 
dence of previous myocardial infarction on the electrocardi- 
ogram alone. Two subjects had both a history of myocardial 
infarction and electrocardiographic evidence of previous 
myocardial infarction. Seven patients had had previous cor- 
onary artery bypass graft surgery but were receiving treatment 
for recurrent angina. Nine had significant 3-vessel coronary 
artery disease, 6 had 2-vessel disease, and 4 had 1-vessel dis- 
ease. Three patients did not undergo cardiac catheterization 
and coronary angiography but had exertional chest pain with 
exercise-induced S-T segment depression. One subject with 
angina and exercise-induced S-T segment depression (Patient 
12) underwent coronary angiography for increasing chest pain 


after completion of the investigation. She had normal coronary 
arteries with normal left ventricular function and was there- 
fore excluded from the data analysis. f 

Twenty-two subjects completed the first 6 weeks of the 
study protocol while 19 patients finished the entire 11-week 
investigation. Of those not completing the entire 11-week 
protocol, 2 were lost to follow-up, 1 discontinued because of 
headaches and dizziness at week 6, and 1 was removed from 
the study due to the development of severe hypertension. 

Patients were excluded for any of the following criteria: 
childbearing potential, age <21 years or >75 years, resting 
supine diastolic blood pressure >100 mm Hg despite diuretic 
treatment, congestive heart failure, significant cardiomegaly, 
myocardial infarction within the previous 6 months, valvular 
or congenital heart disease, second- or third-degree atrio- 
ventricular block, Wolff-Parkinson-White syndrome, tachy- 
arrhythmias requiring therapy, cerebrovascular accident 
within the past year, diabetes mellitus treated with insulin or 
oral hypoglycemics, bronchospasm, previous adverse reaction 
to beta-adrenergic blockade, neoplasm, significant renal or 
hepatic disease, abnormal hemoglobin, abnormal platelet 
count, hyperthyroidism, or treatment with digitalis, antiar- 
rhythmic drugs, anticoagulants, rauwolfia derivatives, oral 
contraceptives, or psychotropic drugs. 

Study design (Table I): The study consisted of a placebo 
run-in period (weeks 0 to 2), followed by an open-label dose- 
finding period for all patients (weeks 3 to 5) in which timolol, 


TABLE II Study Design 





Weeks 0-2 Placebo 

Weeks 3-5 Open-label: timolo! dose titration 

Week 6 Down-titratlon ; 

Weeks 7-10 Double blind: randomizatlon to timolol or placebo 
treatmént 

Week 11 Down-titratlon 
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10 to 30 mg twice daily, was administered to determine the 
optimal dose. A down-titration phase (week 6) followed with 
randomization to double-blind treatment with placebo or ti- 
molol twice daily (weeks 7 to 10) at the previously determined 
- optimal dose. Medication was discontinued in all subjects 
during week 11 of the investigation. 

During this investigation, anginal. frequency and nitro- 
glycerin consumption were recorded daily in a diary by each 
patient. Other than the study drug, only sublingual nitro- 
glycerin was used to treat anginal episodes. No other antian- 
ginal medication was administered during any phase of the 
‘investigation. Patients underwent symptom-limited exercise 
testing at weeks 0, 2, 3, 4, 5, 6, 8, and 10. All subjects were 
treated with 10, 20, and 30 mg of timolol twice daily during 
weeks 3 to 5 to define the optimal drug dose in terms of max- 
imizing functional capacity. If these individuals achieved a 
resting heart rate <50 beats/min before receiving the last dose 
level, they were continued on the previous dose of the medi- 
cation. During the double-blind period of the trial, subjects 
received either the previously determined optimal dose of 
timolol or the same number of placebo tablets. Complete 
physical examinations were performed before entry into the 
investigation and at week 10. Also at these times, a complete 
- blood count was taken and serum electrolyte measurements, 
routine blood chemistry determinations, urinalysis, 12-lead 
electrocardiogram, and chest roentgenograms were ob- 
tained. 

Treadmill exercise protocol]: Exercise testing consisted 
of multistage symptom-limited treadmill exercise according 
to the standard Bruce! protocol. Electrocardiograph leads 
I, aVF, and V5 were monitored continuously and a complete 
12-lead electrocardiogram was recorded every 3 minutes 
during the test and for 6 minutes after termination of exercise. 
Blood pressure was determined by sphygmomanometer before 
exercise, every 3 minutes during exercise, and at the end of the 
test. Patients were exercised to an end-point of onset of an- 
gina, or to the same intensity of angina during each test. 
Subjects without chest pain on subsequent treadmill testing 
were exercised to fatigue. All patients had at least 1 prior ex- 
posure to this type of exercise before entry into the study in 
an attempt to negate any habituation to the treadmill. All 
- subjects underwent exercise testing in a fasting state 12 to 13 
hours after their last dose of timolol. Parameters assessed were 
exercise duration, resting and exercise heart rate, resting and 
exercise systolic blood pressure, resting and exercise double 
product (heart rate X systolic blood pressure X 107%), time to 
onset of 1 mm S-T segment depression, and estimated myo- 
cardial oxygen consumption. 


TABLE tii Open-Label Phase: Placebo Versus Optimal’ 
Timolol Treatment 





n= 22 Placebo Optimal Timolol* 
Weekly episodes angina 8.9 + 9.1 2.7 + 5.2 
pectoris 
Nitroglycerin use (tablets/ 8.1 + 10.6 2.6 + 6.0 
week 
Resting HR (beats/min) 75.2 + 14.0. 56.1+ 8.9 
Resting SBP (mm Hg) 139.1 + 15.7 130.5 + 15.9 
Exercise duration (s) 263.2 + 90.2 330.3 + 73.9 
Peak exercise HR (beats/min) 193.3 + 96.2 101.6 + 21.1 
_ Peak exercise SBP (mm Hg) 175.6 + 20.8 161.5 + 26.7 
Peak exercise double product 21.7 + 5.4 16.6 + 5.1 
(HR X SBP X 1073) 
Time to onset 1 mm S-T} (s) 231.8 + 86.4 298.7 + 69.9 


(n= 15) 


* p <0.06 for all of these measurements. S-T} = S-T segment de- 
pression, 





Statistical analysis: Student’s £ test for paired and non- 
paired data was used to determine the statistical significance 
of differences in group mean data. Group data are presented 
as mean + 1 standard deviation of the mean. 


Results 


Twenty-three patients completed the open-label 
phase of the study. Nine received 20 mg timolol daily, 
9 received 40 mg daily, and 5 received 60 mg daily as the 
optimal dose. Nineteen of 23 patients entered the 
double-blind treatment period and completed the entire 
investigation. These patients continued on the same 
timolol dose as in the open-label period except for Pa- 
tients 1 and 6, whose doses were reduced because of HR 
<50 beats/min after randomization. Patient 12 was 
excluded from all data analysis. 

Open-label phase (Table ITT): Anginal frequency 
and nitroglycerin consumption: Twenty-three patients 
with chronic angina were treated with timolol for 4 
weeks. Weekly anginal frequency declined on optimal 
timolol dose from 8.9 + 9.1 eposides/week with placebo 
to 2.7 + 5.2 (p <0.05) with timolol. Nitroglycerin con- 
sumption also was reduced from 8.1 + 10.6 tablets/week 
with placebo to 2.6 + 6.0 tablets (p <0.05) with ti- 
molol. 

Resting hemodynamics and exercise variables: 
Resting HR was significantly reduced by timolol from 
75.2 + 14.0 beats/min with placebo to 55.1 + 8.9 beats/ 
min with the drug (p <0.05). Systolic blood pressure also 
declined from 139.1 + 15.7 mm Hg with placebo to 130.5 
+ 15.9 mm Hg with optimal timolol (p <0.05). Timolol 
prolonged exercise capacity before the onset of angina 
in these patients from 263.2 + 90.2 seconds with placebo 
to 330.3 + 73.9 seconds with optimal timolol (p <0.05). 
Concomitantly, peak exercise heart rate declined sig- 
nificantly, from 193.3 + 96.2 beats/min to 101.5 + 22.1 
beats/min (p <0.05) with timolol compared with pla- 
cebo. Peak exercise SBP was lower with timolol than 
with placebo (161.5 + 26.7 mm Hg versus 175.6 + 20.8 
mm Hg, p <0.05). The double product (HR X SBP X 
10-3) was also substantially reduced in these subjects, 
from 21.7 + 5.4 with placebo to 16.6 + 6.1 with timolol 
therapy (p <0.05). 

S-T segment depression with exercise: Fifteen (68%) 
of 22 patients manifested exercise-induced S-T segment 
depression while receiving both placebo and optimal 
dose timolol. The appearance of 1 mm S-T segment 
depression was delayed from 231.8 + 86.4 seconds with 
placebo to 298.7 + 69.9 seconds with timolol (p <0.01). 
Five subjects had evidence of myocardial ischemia with 
placebo but not with optimal timolol. Three of these. 
patients exercised to a higher work load while receiving 
timolol. Two demonstrated no S-T segment change in 
either period. 

Double-blind phase (Table IV): Eighteen patients 
completed the double-blind phase of this investigation. 
Eight were randomized to timolol treatment at their 
previous open-label dose while 10 received placebo for’ 
this period. 

Anginal frequency and nitroglycerin consumption: 
Anginal episodes did not decline at week 8 in timoldl 
subjects (6.5 + 8.4 episodes/week) compared with initial 
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TABLE IV Double-Blind Phase: Timolol or Placebo Treatment (Weeks 8 and 10) Compared With Initial | 


Placebo (Week 2) 





Group 
. -AP/week 

NTG use (tablets/week) 
Resting HR (beats/min) 
Resting SBP (mm Hg) 
Exercise duration (8) 

Peak exercise HR (beats/min) 
Peak exercise SBP (mm Hg) 


Peak exercise DP (HR X SBP X 107%) 


VPAVAVAVAVAVAVIAVH 


Week 2 Week 8 Week 10 
10.4 + 11.4 6.5 + 8.4 6.0 + 8.0t 
4.0 + 3.0 2.22.1 3946.0 — 
9.9 + 13.5 7.3 + 10.0 6.0 + 9.5 
3.1+ 3.6 1942.2 3.4 + 6.1 
81.5 + 14.5 58.3 + 10.8" 57.648.5t _ 
73.9 + 13.0 75.3 + 11.8 79.8 +12.0 
134.8 + 21.0 127.5 + 16.7 124.5 + 15.4 
140.7 + 10.7 139.1 + 16.8 138.2 + 12.1 
261.3 + 68.8 315.1 + 61.2* 302.6 + 63.2 
264.4 + 112.3 291.7 + 62.6 277.3 + 65.5 
121.4 + 22.1 93.6 + 15.3* 82.6 + 13.67 
127.2 + 25.8 130.7 + 19.6 130.3 + 17.3 
174.0 + 28.8 148.3 + 30.7* 161.8 + 27.7 
174.5 + 18.3 167.0 + 18.2 “475.0 + 21.7 
20.2 +47.3 13.9 + 4.1° 15.1 + 3.9? 
22.2 + 4.8 219443 22.8 + 4.1 





T Wook 2 versus 8 (p <0.05,? Week 2 versus 10  <0.05) AP = episodes of angina pectoris; DP = double product, NTG = sublingual nitroglycerin; 


" P = placebo (n = 10); T = timolol (n = 8). 


-placebo treatment (10.4 + 11.4 episodes/week, not sig- 
nificant [NS]). A significant reduction in anginal fre- 
quency occurred in these subjects at week 10, from 10.4 
+ 11.4 episodes/week with initial placebo to 6.0 + 8.0 
episodes/week with timolol (p <0.05). This lack of ef- 
ficacy in group data for anginal occurrence at week 8 for 

_ timolol subjects was due mainly to 1 individual who had 
a marked increase in angina compared with his previous 
placebo treatment. Nitroglycerin consumption was 
unaltered at weeks 8 and 10 (7.3 + 10.0 tablets/week and 
6.0 + 9.5 tablets/week, respectively) compared with the 
initial placebo phase (9.9 + 13.5 tablets/week, NS). _ 

-. Individuals randomized to placebo demonstrated no 
difference in weekly anginal episodes at weeks 8 and 10 
(2.2 + 2.1 episodes/week and 3.9:+ 6.0 episodes/week, 
respectively) compared with their initial placebo 
treatment (4.0 + 3.0 episodes/week, NS). Nitroglycerin 
usage was also unchanged in these subjects at weeks 8 
and 10 compared with initial placebo exposure (1.9 + 
2.2 tablets/week and 3.4 + 6.1 tablets/week, respec- 
‘tively, versus 3.1 + 3.6 tablets/week, NS). One of these 
10 placebo subjects was omitted from statistical con- 
sideration because of unreliable diaries. 

Heart rate and blood pressure: In patients receiving 
timolol resting HR was significantly reduced to 58.3 + 
10.5 beats/min at week 8 and 57.6 + 8.5 beats/min at 
week 10 compared to the initial placebo treatment pe- 
riod of 8.5 + 14.5 beats/min (both p <0.05). Resting 
SBP did not differ in timolol subjects at week 8 or 10 


compared with these same patients receiving placebo 


(127.5 + 16.7 mm Hg and 124.5'+ 15.4 mm Hg, respec- 
tively, versus 134.8 + 21.0 mm Hg, both NS). Placebo 
subjects continued at a similar HR of 75.3. + 11.8 
heats/min at week 8 and 79.8 + 12.0 at week 10 com- 
pared with placebo treatment of 73.9 + 13.0 beats/min 
_ (both NS). Resting SPB was also unchanged in placebo 
patients at weeks 8 and 10 (139.1 + 16.8 mm Hg and 
- 138.2 + 12.1 mm Hg, respectively) compared with their 
initial placebo phase (140.7 + 10.7 mm Hg, both NS). 


Exercise variables: Peak exercise HR was substan- 
tially lower with timolol (93.6 + 15.3 beats/min at week 
8 and 92.6 + 13.6 beats/min at-week 10) than with pla- 
cebo (121.4 + 22.1 beats/min) (both p <0.05). Placebo 
subjects maintained a similar exercise HR of 130.7 + 
19.6 beats/min and 130.3 + 17.3 beats/min at weeks 8 
and 10, respectively, compared with initial placebo 
(127.2 + 25.8 beats/min, both NS). Peak exercise SBP 
was lower with timolol treatment at week 8 than with ` 
placebo (148.3 + 30.7 mm Hg versus 174.0 + 28.8 mm 
Hg, p <0.05), although there was no significant differ- 
ence at week 10 (161.8 + 27.7 mm Hg and 174.0 + 28.8 
mm Hg, NS). The double product was significantly 
lower at weeks 8 and 10 with timolol than with placebo 
(13.9 + 4.1.x 1073 and 15.1 + 3.9 X 107, respectively, 
versus 20.2 +7.38 X 1078, p <0.05). Exercise duration at 
week 8 continued to be improved i in the timolol group 
(315.1 + 61.2 seconds) compared with that in the pla- 
cebo treatment phase (261:3 + 68.8 seconds, p <0.05). 
However, at week 10 this relation did not persist, as ti- 
molol patients’ exercise duration declined to 302.6 + 
63.2 seconds, comparéd with 261.3 + 68.8 seconds i in the 
placebo treatment period (NS). ` 

Subjects randomized to placebo beatmeni did not 
differ in exercise duration at weeks 8 or 10 (291.7 +626 
seconds and 277.3 + 65.5 seconds, respectively) com- 
pared with initial placebo treatment (264.4 +. 112.3 
seconds, hoth NS). Peak exercise HR was similar at 
weeks 8 and 10 (130.7 + 19.6 beats/min and 130.3 + 17.3 
beats/min; ‘respectively) in these subjects compared 
with the initial placebo treatment phase (127.2 + 25.8 
beats/min, both NS). No difference in peak exercise 
SBP was observed at week 8 or 10 (167.0 + 18.2 mm Hg 
and 175.0 + 21.7 mm Hg, respectively) compared with 
initial placebo in these subjects (174.5 + 18.3 mm Hg, 
both NS). The double product was unchanged in these 
patients at weeks 8 and 10 compared with initial placebo 
exposure (21.9 + 4.3 X 107 3 and 22.8 + 4.1 X 107%, re- 
spectively, versus 22. 2+ å.8 X 10-3, NS). i 
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` S-T segment depression: Fourteen subjects had at 
least 1 mm exercise-induced S-T segment depression 
until week 8. This group included 6 patients randomized 
to timolol and 8 randomized to placebo treatment. The 
appearance of 1 mm S-T segment depression was 
insignificantly delayed in timolol subjects at week 8 
(261.7 + 55.6 seconds) compared with their initial pla- 
cebo period (224.0 + 54.0 seconds, NS). Placebo patients 
had 1 mm S-T segment depression at week 8 similar to 
their initial placebo phase (232 + 72.7 seconds versus 
249.0 + 106.5 seconds, NS). 

Adverse effects: One subject had a mild macular rash 
during week 9 while receiving timolol. Timolol was 
continued until week 10 with diminution of this condi- 
tion. One patient had headache and dizziness during 
weeks 5 and 6 and was discontinued from the study. No 
abnormalities in serum electrolytes, blood chemistry 
determinations, or complete blood count were observed 
at any point in this investigation. 


Discussion 


Our study demonstrates the effectiveuess of timolol 
administered twice daily in controlling objective evi- 
dence of myocardial ischemia and functional capacity 
in patients with chronic angina. This result was dem- 
onstrated during both the open-label and double-blind 
phases of this investigation. During the open-label 
treatment period, anginal frequency and nitroglycerin 
consumption decreased while exercise capacity was 
significantly increased compared with placebo control. 
There was alsa reduction in peak exercise HR, in peak 
exercise SBP, and in the double product (an index of 
myocardial oxygen demand) in our subjects receiving 
optimal timolol dosage. Eight subjects randomized to 
timolol during the double-blind treatment period con- 
tinued with enhanced exercise performance when first 
tested at week 8, although this was not maintained at 
week 10 when compared with placebo treatment in 
these patients. Reduction of peak exercise HR and 
double product was maintained in these subjects at 
weeks 8 and 10 compared with placebo treatment. Ten 
placebo patients continued at their previous level of 
exercise performance compared with initial placebo 
without a difference in cardiac hemodynamic function 
or exercise variables. Thus, these data support a sig- 
nificant action of timolol administered every 12 hours 
in the prevention of myocardial ischemia. 

Our results with timolol showed a lack of significant 
improvement in exercise capacity at week 10, in anginal 
frequency at week 8, and in nitrate consumption at 
weeks ‘8 and 10. Thus, we noted a disparity at week 10 
between exercise hemodynamics indicating effective 
beta blockade and exercise capacity. The basis for this 
finding is unclear but may be related to several factors. 
Spontaneous variability in the subjective symptom of 
angina may account for this observation. Another po- 
tential explanation is conversion of the exercise end- 
point from angina to fatigue by the beta blocker.}4:15 
This possibility is supported by the fact that 2 patients, 
or 25% of the timolol group, terminated exercise at week 
10 because of fatigue compared with the exercise end- 
point of angina at week 8. Also, some timolol subjects 


were exercised closer to 13 hours rather than 12 hours 
after the drug, which may explain in part the lack of 
prolongation in exercise capacity. The small number of 
patients randomized to the timolol treatment group 
may, in addition, preclude the ability to consistently 
detect significant differences in exercise performance. 
Although blood level data are not available in our 
subjects, compliance with the treatment program ap- 
peared satisfactory in view of the consistently signifi- 
cant reduction in rest and exercise peak HR and double 
product at weeks 8 and 10 in the treated individuals 
compared with the placebo group. Patients randomized 
to placebo demonstrated no differences in these vari- 
ables at weeks 8 and 10 compared with their initial 
placebo phase. 

Tolerance to timolol could have developed in the 
patients receiving this medication; this would explain 
the differences between exercise performance at weeks 
8 and 10 in this group. This possibility is unlikely in view 
of similar hemodynamic changes observed in timolol 
subjects at week 10 compared with week 8. Also, toler- 
ance was not observed by us in other subjects receiving 
timolol long-term to contro] mild essential hyperten- 
sion’ and is not consistent with the previous experience 
of multiple investigators utilizing various beta-adren- 
ergic blockers to treat angina pectoris.?4 

Absence of training effect: The possibility of a 
training effect does not explain the salutary result on 
exercise capacity demonstrated by timolol subjects at 
week 8. However, a training effect, namely, a decline in 
resting HR and improvement in exercise performance 
over time with multiple episodes of treadmill exercise, 
does merit consideration as an explanation of our re- 
sults. All of our subjects had at least 1 treadmill exercise 
test before entry into this study. Such acclimation to the 
treadmill is known to result in subsequent reproduc- 
ibility of the exercise test.1® Also, our placebo patients 
had no decrease in resting heart rate or significant im- 
provement in exercise capacity from initial placebo 
treatment through completion of the double-blind 
treatment period. Thus, the presence of any training 
effect influencing the exercise performance of our pa- 


‘tients is unlikely. 


Other investigations: Our data are consistent with 
those of other investigators evaluating other beta-ad- 
renergic blocking agents in angina pectoris as well as 
with previous observations concerning timolo].!112:17.18 
Thus, Villa et al!® studied 16 patients with chronic 
stable angina pectoris by treadmill exercise at peak drug 
effect in a double-blind crossover investigation. Twelve 
of 16 subjects had improved exercise tolerance, with an 
11% increase in exercise duration and a 20% improve- 
ment in total work on timolol. Aronow et al” evaluated 
23 patients with chronic angina pectoris in a placebo- 
controlled, double-blind randomized crossover study 
utilizing bicycle ergometry. Two hours after drug ad- 
ministration, timolol prolonged exercise duration 51% | 
compared with placebo while it substantially decreased 
the mean maximal amount of exercise-induced ischemic 
S-T segment depression. Anginal frequency and nitro- 
glycerin consumption were also significantly reduced. 
Again, as seen in our subjects, timolol reduced resting 
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HR, peak exercise HR, peak SBP, and double product. 
. In addition, Aronow et al?! demonstrated an increase 
in exercise duration of 225% in only 3 of 7 coronary 
patients with timolol when tested 12 hours after drug 
Administration; all 7 patients in this study achieved this 
degree of improved exercise capacity 2 hours after drug 
administration. These data are concordant with our 
findings and suggest an effective action for twice daily 
timolol in the control of angina pectoris for a certain 
proportion of these patients. 

Adverse effects: Beta-adrenergic blockade can 
produce a number of adverse effects. Few of these are 
potentially serious; most are bothersome and may be 
alleviated by adjustment in dose or drug withdrawal.?? 
Timolol maleate twice daily was well tolerated in our 
.patients. No serious adverse effects were observed. One 
subject experienced a macular rash during timolol 
' treatment which resolved in 1 week with continuation 
of the drug. It is unclear at present whether this reaction 
is related to the compound. Headaches and dizziness 
developed in another subject during timolol treatment, 
and continued into the down-titration phase of the in- 
vestigation (week 6) before the double-blind phase. No 
other patient had adverse effects thought to be drug- 
related. 

Conclusions: Tirholol maleate is an effective agent 
which can decrease anginal frequency and improve ex- 
ercise capacity in patients with coronary heart disease 
and stable angina pectoris. This action can be demon- 
strated for up to 12 hours after drug administration in 
some subjects with chronic angina by an increased ex- 
ercise capacity as well as a decrease in anginal fre- 
quency. Resting HR and SBP, peak exercise HR and 
SBP, and double product are significantly altered by 
twice-daily administration of this drug. The occurrence 
of myocardial ischemia as reflected by exercise-induced 
S-T segment depression can be delayed i in some anginal 
patients receiving twice-daily timolol. Timolol, there- 
fore, can be potentially useful in at least some patients 
for the treatment of angina pectoris when administered 
twice daily. However, other patients may require a more 
frequent dose interval for optimal control of angina 
pectoris and maximal improvement in exercise perfor- 
mance. 
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Regional Coronary Blood Flow During Relief of 
Pacing-Induced Angina by Nitroglycerin _ 
Implications for Mechanism of Action 


RICHARD M. FUCHS, MD, JEFFREY A. BRINKER, MD, PABLO A. GUZMAN, MD, 
DEAN E. KROSS, MD, and FRANK C. P. YIN, MD, PhD 


The mechanlsm for the therapeutic effect of nitro- 
glycerin in stress-Induced angina remains contro- 
versial; It has been attributed to both Increased 
blood supply to the ischemic myocardium and de- 
creased myocardial oxygen demand. To investigate 
the contribution of each of these mechanisms, 
systemic pressures and great cardiac vein flow were 
measured in 14 patients with single-vessel disease 
involving the left anterior descending (LAD) coro- 
nary artery during the development of pacing-in- 
duced angina and after the administration of nitro- 
glycerin while continuing pacing at the angina- 
provoking rate. Great cardiac vein flow, measured 
by thermodilution, represents the venous efflux from 
the LAD territory and therefore provided an index of 
flow to the poststenotic myocardium. In 11 patients, 


Since Brunton! first attributed the antianginal effect 
of nitrates to decreased “arterial tension” in 1867, the 
mechanism of their therapeutic action has been the 
subject of controversy.” The debate has centered on the 
relative importance of reduced myocardial oxygen de- 
mand due to cardiac unloading®-!2 and improved 
myocardial blood supply due to dilation of epicardial 
coronary arteries (including stenotic regions),!3-18 in- 
creased collateral blood flow,!9-*4 and redistribution of 
coronary flow toward ischemic regions.2>2? Most 
studies addressing the mechanism of nitrates’ action 
have examined systemic hemodynamic function and 
coronary blood flow after administration of nitroglyc- 
erin to animals with acute coronary ligations or to pa- 
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nitroglycerin was administered systemically (400 
to 800 ug sublingually or 200 ug Intravenously); 
angina was relleved In 10, concomitant with a de- 
crease in both great cardiac veln flow (from 123 + 
29 to. 98 + 29 mi/min, p <0.001) and mean aortic 
pressure (from 118 + 22 to 104 + 22 mm Hg, p 
<0.001). In contrast, when 75 ug of nitroglycerin 
was administered directly Into the left main coronary 
artery of 7 patients, H produced a small Increase In 
great cardiac vein flow (from 108 + 32 to 125 + 31 
ml/min, p = 0.059), no change In aortic pressure, 
and no relief of angina. This study suggests that ni- 
troglycerin’s major beneficial action in pacing-in- 
duced angina Is unrelated to direct effects on the 
coronary circulation and Is likely related to its car- 
diac unloading effect. 


tients with coronary artery disease at rest; they have not 
generally examined the effect of nitroglycerin in pa- 
tients during episodes of symptomatic ischemia. Acute 
coronary ligation in the dog may not be an appropriate 
model for stress-induced ischemia in man, and the effect 
of nitroglycerin on patients in the resting, asymptomatic 
state may not necessarily reflect the mechanism of its 
antianginal action. In the one classic study in which 
coronary blood flow was measured in patients after 
administration of nitroglycerin during episodes of an- 
gina, Ganz and Marcus’ showed that pacing-induced 
angina could be relieved by intravenous but not by in- 
tracoronary nitroglycerin; unfortunately, during these 
interventions they measured total coronary sinus blood 
flow, rather than flow to the specific coronary bed that 
was ischemic, 

To examine the mechanism of nitroglycerin’s thera- 
peutic effect in patients with stress-induced angina 
pectoris, it is necessary to administer nitroglycerin 
during an episode of angina and to determine how it 
affects symptoms, systemic hemodynamics, and that 
portion of coronary blood flow directed to the ischemic 
myocardium. Therefore, we produced angina by incre- 
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mental atrial pacing in patients with single-vessel dis- 
ease involving the proximal LAD coronary artery and 
administered nitroglycerin by 1 or more of 3 routes 
(sublingual, intravenous, and intracoronary) while 
*continuing to pace at the angina-provoking rate. Great 
cardiac vein flow, representing blood flow to the post- 
stenotic myocardium, was determined in the basal state, 
during pacing-induced angina, and after administration 
of nitroglycerin. Systemic pressure responses and great 
cardiac vein flow measurements were related to the 
symptomatic response to nitroglycerin. 


Methods 


Patient selection: The subjects were selected from patients 
undergoing diagnostic cardiac catheterization and coronary 
angiography at the Johns Hopkins Hospital. All subjects had 
>50% arteriographic narrowing of the LAD coronary artery 
proximal to the origin of its first major diagonal branch, 
without significant narrowing in the right or circumflex cor- 
onary artery. Patients were excluded if they had significant 
valvular or congenital heart disease, previous cardiac surgery, 

‘previous myocardial infarction, congestive heart failure, 
cardiomegaly visible on chest roentgenography, or an abnor- 
mal resting electrocardiogram. Informed consent was obtained 
in each case. 

Procedure: All patients were studied in the fasting state 
after premedication with diazepam, diphenhydramine, and 
atropine. All precatheterization medications were continued. 


Routine diagnostic cardiac catheterization, coronary angi- 
ography, and left ventriculography were performed using the 
Judkins technique. A triple thermistor thermodilution pacing 
catheter (Wilton Webster Laboratories, Altadena, California) 
was then placed through a right brachial vein incision and 
inserted into the coronary sinus with the distal sampling 
thermistor advanced to the great cardiac vein. The patient’s 
heart rate was progressively increased by atrial pacing in in- 
crements of 10 to 20 beats/min, according to a protocol pre- 
viously described.?8 Great cardiac vein flow, representing the 
venous efflux from the myocardium supplied by the LAD 
coronary artery, was determined? at rest, during pacing- 
induced angina, and after the administration of nitroglycerin. 
Phasic and mean aortic pressure and 12-lead electrocardio- 
gram were monitored throughout. In 7 patients, 400 to 800 ug 
_of nitroglycerin was administered sublingually during pac- 
ing-induced angina, and great cardiac vein flow was deter- 
mined 1 to 3 minutes later; in 4 of these patients left ventric- 
ular pressure was monitored continuously as well. In an ad- 
ditional 7 patients, nitroglycerin was administered as a 75 ug 
bolus injection into the left main coronary artery during 
pacing-induced angina, and great cardiac vein flow was de- 
termined continuously for the next 30 to 60 seconds; the 
greatest alteration in flow was recorded. In 4 of these patients, 
a 200 ug dose of nitroglycerin was then rapidly injected in- 
travenously while pacing at the same rate with persistence of 
angina pectoris, and great cardiac vein flow was determined 
15 to 60 seconds later. Four of the patients who received in- 
tracoronary injections of nitroglycerin during pacing-induced 




















TABLE | Effects of Systemic Nitroglycerin (NTG) on Pacing-Induced Angina 
GCV Flow (ml/min) Aortic Pressure (mm Hg) 
Did NTG 
Locatlon & Severity At During After At During After Relieve 
Patient of Coronary Stenoses Rest Angina NTG Rest Angina NTG Angina? 
Sublingual Nitroglycerin, 400-800 ug 
1 99% proximal LAD* 108 147 127 122/80 136/105 123/96 Yes 
(100) (118) (104) 
2 Total occlusion 34 69 58 150/90 170/20 158/100 No 
proximal LAD (116) (142) (128) ; 
30% RCA* 
3 90% proximal LAD, 51 150 134 135/64 190/116 180/110 Yes 
40% RCA (108) (144) (136) 
4 80% proximal LAD 86 107 80 120/84 130/100 105/82 Yes - 
(100) (114) (90) 
5 60% proximal LAD 93 117 93 132/70 120/85 110/76 Yəs 
(106) (104) (90) 
8 99% proximal LAD” 59 143 96 160/80 190/110 150/100 Yes 
(110) (150) (126) 
7 70% proximal LAD 45 133 124 150/70 195/95 186/92 Yes 
(100) (128) (123) 
Mean shel 65 124 102 138/77 162/102 145/94 
. (106) (129) 114) 
SD . hous 27 29 28 15/9.2 32/12 /12 
(6.2) (17) (19) 
Intravenous Nitroglycerin, 200 ug 
8 80% proximal LAD 70 120 73 102/72 100/78 80/62 Yes 
(84) (85) (70) 
9 90% proximal LAD, 108 159 140 125/65 145/85 135/80 Yes 
i 30% LCXM (85) (105) (95) 
10 90% proximal LAD, 58 126 84 160/80 148/105 140/90 Yes 
60% LAD diagonal (115) (125) (110) 
11: 70% proximal LAD, 56 77 68 107/70 100/75 88/68 Yes 
95% mid-LAD (84) . (86) (76) 
. Mean ree 73 121 91 124/72 123/86 110/75 
s (92) (100) (88) 
SD vak 24 34 33 26/6.2 27/14 32/12 
(15) (19) (18) 





*Anglographically visible right to left collateral vessels. Numbers In 





parentheses Indicate values for mean aortic pressure. GCV = great cardiac 


vein; LXM = left circumflex marginal coronary artery; NTG = nitroglycerin; RCA = right coronary artery; SD = standard deviation. 
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TABLE |i Effects of Intracoronary Nitroglycerin on Pacing-Induced Angina 
GCV Flow (ml/min) . Aortic Pressure (mm Hg) 
Did NTG 
Location & Severity At During After At During After Relieve 
Patient of Coronary Stenosis Rest Angina NTG ‘Rest Angina NTG Angina? 
8 80% proximal LAD 70 120 120 102/72 100/78 95/76 No 
(84) (85 (82) 
9 90% pon LAD, 108 159 173 125/65 145/85 145/88 No 
30% LCXM (85) (105 (107) 
10 90% proximal LAD, 58 126 130 160/80 148/105 148/105 No 
60% LAD diagonal (115) (125) (125) 
11 70% proximal LAD, 56 77 135 107/70 100/75 100/75 No 
95% mid LAD (84) (88) (86) 
42 90% proximal LAD 86 119 142 114/75 90/70 90/70 No 
(92) (78) (78) 
13 90% proximal LAD 49 74 83 120/68 115/84 110/84 No 
(92) (97) (95) 
14 80% proximal LAD 68 79 91 122/65 102/72 102/72 No 
(90) (86) (88) 
Mean Dia 71 108 125 121/71 114/81 113/81 
l : (92) (95) (94) 
SD Yas 20 32 31 19/5.5 23/12 24/12 
(11) (16) (17) 





Format and abbreviations as In Table |. 


angina had flow measurements repeated after turning off the 
pacemaker (with return to baseline heart rate and complete 
resolution of angina) and again after a 75 ug intracoronary 
bolus injection of nitroglycerin at this baseline heart rate. 

Statistical analysis: A paired-samples t test was used to 
assess changes in aortic pressure, left ventricular end-diastolic 
pressure (LVEDP), and great cardiac vein flow with each 
method of administration of nitroglycerin. All data are pre- 
sented as mean + standard deviation. Differences were con- 
sidered significant when the p value was <0.06. 


Results 


Patient characteristics: Eleven of the 14 patients 
were male; mean age was 54 years (range 36 to 64). All 
had significant narrowing of the proximal left anterior 
descending coronary artery (Tables I and I) without 
significant narrowing in other coronary arteries. Three 
patients had angiographically visible right to left col- 
lateral vessels. 

Effect of incremental atrial pacing: During in- 
cremental atrial pacing, all 14 patients developed typical 
angina pectoris with electrocardiographic S-T segment 
depression; peak heart rate averaged 140 beats/min. 
Mean aortic pressure rose from 98 + 11 mm Hg to 112 
+ 24mm Hg (p = 0.01), and great cardiac vein flow rose 
from 68 + 23 to 116 + 30 ml/min (p <0.001) (Tables I 
and II). Eleven of the 13 patients in whom sequential 
flow measurements were performed demonstrated the 
flow limitation phenomenon we have previously de- 
scribed?®; each increment in heart rate led to an increase 
in great cardiac vein flow until a certain point was 
reached; further increase in heart rate beyond that point 
led to no further augmentation of flow but did lead to 
angina and electrocardiographic signs of ischemia. In 
the 4 patients in whom LVEDP was measured, there 
was no significant change with pacing (15 + 3.6 mm Hg 
at rest and 14 + 13 mm Hg at peak heart rate). 

Effect of systemic nitroglycerin (Table I, Fig. 1): 
In 10 of the 11 cases in which nitroglycerin was admin- 
istered systemically (sublingually or intravenously) 


during pacing-induced angina, the angina was wholly 
or partially relieved despite continuation of atrial pacing 
at the same rate at which angina was produced. S-T 
segment depression decreased in 8 of these cases. The 
antianginal effect of sublingual nitroglycerin was usually 
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FIGURE 1. The effects of nitroglycerin administered during pacing- 
Induced angina on great cardlac vein (G.C.V.) flow, mean aortic pres- 
sure, and clinical symptoms. The hatched bars indicate the response 
to systemic (sublingual or Intravenous) nitroglycerin; the open bars 
Indicate the response to Intracoronary nitroglycerin. Brackets Indicate 
standard deviations. 
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manifest in 1 to 3 minutes, that of intravenous nitro- 

_ glycerin in 30 to 90 seconds. In every case, relief of 

symptoms was preceded by a fall in aortic pressure and 

a fall in great cardiac vein flow. In response to sublingual 

. hitroglycerin, mean aortic pressure fell from 129 + 17 
to 114 + 19 mm Hg (p = 0.002) and great cardiac vein 
flow fell from 124 + 29 to 102 + 28 ml/min (p = 0.004); 

-in each of the 4 cases in which it was measured, LVEDP 
fell—from a mean of 14 + 13 to 6.0 + 5.0 mm Hg (not 
significant). The responses of great cardiac vein flow, 
aortic pressure, and LVEDP in a representative patient 
are illustrated in Figure 2. 

In response to intravenous nitroglycerin, mean aortic 
pressure fell from 100 + 19 to 88 + 18 mm Hg (p = 
0.003) and great cardiac vein flow fell from 121 + 34 to 
91 + 33 ml/min (p = 0.049). 

Effect of intracoronary nitroglycerin (Table Il, 
Fig. 1): In contrast to the relief of ischemia with sys- 
temic nitroglycerin, when the drug was administered by 
the intracoronary route during pacing-induced angina, 
no patient had relief of symptoms and no patient 
showed improvement of ischemic changes on electro- 
‘cardiography, despite a modest increase in great cardiac 
vein flow in most cases (108 + 32 to 125 + 31 ml/min, p 
= 0.059). In all cases, great cardiac vein flow returned 
to prenitroglycerin levels by 60 seconds after injection. 
There was no discernible effect of the intracoronary 

nitroglycerin on aortic pressure. To assess the respon- 
| siveness of these patients’ coronary arteries to this dose 
of nitroglycerin, the same dose was administered to 4 
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_ FIGURE 2. The effects of incremental atrial pacing and sublingual ni- 
troglycerin (TNG) on great cardlac vein (G.C.V.) flow, mean aortic 
pressure, and LVEDP in a representative patient with single-vessel LAD 
disease. The solld line and open circles indicate the effects of incre- 

. Mental atrial pacing; note the development of flow limitation as the heart 
raté was increased from 120 to 140 beats/min. Angina and S-T segment 
changes occurred at a heart rate of 140 beats/min, The dotted Ine and 

. arrow indicate the effects of 400 ug of nitroglycerin administered 

. sublingually while continuing pacing at 140 beats/min: great cardlac 
vein flow, aortic pressure, and LVEDP decreased, and angina was re- 
lieved. 





patients (Patients 9, 11, 12, and 13) at the end of the 
study, after pacing had been discontinued. In these 4. 
patients, whose great cardiac vein flow had risen by 26 
+ 22 ml/min in response to intracoronary nitroglycerin 
administered during peak pacing, great cardiac vein 
flow increased by 57 + 29 ml/min in response to the 
same dose administered at the basal, nonanginal heart 
rate (p = 0.009). 


Discussion | 


The present study demonstrates that (1) sublinguial 
and intravenous nitroglycerin are capable of relieving 
pacing-induced angina pectoris concomitant with re- 
ductions in systemic pressure and despite reductions 
in blood flow to the poststenotic coronary bed, and (2) 
intracoronary nitroglycerin does not relieve pacing- 
induced angina despite a modest increase in blood flow 
to the poststenotic coronary bed. The use of patients 
with single-vessel disease is crucial, because only for 
such patients can one be reasonably certain in which 
coronary bed ischemia is occurring. The use of ther- 
modilution flow measurements in the great cardiac vein 
provides a measure of the flow, both direct and collat- 
eral, to the LAD territory.28:30-83 

The thermodilution technique enables one to mea- 
sure transmural flow to the LAD territory but does not 
allow differentiation of regional blood flow within the 
LAD bed. Thus, it is possible that nitroglycerin-induced ` 
relief of angina might be associated with a relative 
preservation of blood flow to the subendocardium. Such 
an effect has been observed in dogs!? and has been at-. 
tributed to nitroglycerin’s cardiac unloading effect with 
consequent reductions in diastolic left ventricular 
pressure and in intramyocardial pressure surrounding 


‘small subendocardial coronary vessels. An absolute 


increase in flow to the subendocardium seems quite _ 
unlikely, given the simultaneous decrease in perfusion 
pressure, myocardial demand, and transmural flow. 

Although systemic hemodynamics during exercise are 
not identical to those during incremental atrial pacing, 
increased myocardial oxygen demand due to increased 
heart rate-blood pressure product has been implicated 
in the pathogenesis of angina in both situations.°435 
Furthermore, administration of nitroglycerin in both 
situations leads to a reduction in systemic blood pres- 
sure.*6 Thus, it is likely, although unproven, that the- 
results we obtained after administration of nitroglycerin 
during pacing-induced angina apply to most cases of 
exertional angina as'well. 

The decrease in blood flow to the poststenotic myo- 
cardium we observed after systemic administration of 
nitroglycerin is probably due to the combination of 
decreased coronary perfusion pressure and reduced - 
myocardial oxygen demand. In spite of this decrease in 
flow to the poststenotic vascular territory, objective and 
subjective signs of ischemia were almost invariably 
improved. Although there are suggestions that nitro- 
glycerin may have a direct depressant effect on myo- 
cardial metabolism®’“° and may increase oxygen. 
availability to the myocardium by altering the oxy- 
hemoglobin dissociation curve,°9 reduced oxygen de- 
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mand due to cardiac unloading seems the most likely 
mechanism for its therapeutic effect.681911 The de- 
crease in aortic and left ventricular pressures we ob- 
served after systemic administration of nitroglycerin 
are certainly compatible with decreased ventricular wall 
tension associated with cardiac unloading. However, 
other possible noncoronary effects of nitroglycerin (such 
as depression of oxygen demand unassociated with 
cardiac unloading) have not been excluded. 

We have previously shown that incremental atrial 
pacing in patients with isolated LAD disease leads to 
progressive increases in great cardiac vein flow until a 
point of flow limitation is reached; angina and S-T 
segment changes occur at that point.28 After the de- 
velopment of flow limitation and ischemia during in- 
cremental pacing in the present study, intracoronary 
nitroglycerin produced a small increase in flow to the 
LAD territory in most patients. This increase in flow 
after intracoronary nitroglycerin may be due to dilation 
of the coronary stenosis,!*-18 increase in collateral flow 
to the LAD bed, or further vasodilation in nonischemic 
(for example, subepicardial) regions within the LAD 
bed. Indeed, animal experiments have suggested that, 
in the presence of a critical coronary artery stenosis, 
some vasodilational reserve is present but that it is 
limited to the subepicardium.* Thus, it is not surprising 
that a moderate ability to augment transmural flow 
exists in patients during angina but that such aug- 
mentation is not associated with relief of the angina; 
presumably, it is directed principally to nonischemic 
regions. The failure of intracoronary nitroglycerin to 
relieve angina despite increased coronary flow, in other 
studies’*! as well as in ours, strongly suggests that in- 
creased perfusion of poststenotic beds does not play a 
major role in nitroglycerin’s therapeutic action in pac- 
ing-induced angina. 

The present study does not negate the fact that ni- 
troglycerin improves both symptoms and myocardial 
perfusion in some cases by relieving coronary artery 
spasm; nor does it imply that nitroglycerin is not ca- 
pable of increasing subéndocardial perfusion or collat- 
eral flow under certain circumstances. However, it does 
suggest that nitroglycerin’s major beneficial action in 
most cases of stress-induced angina pectoris is unrelated 
to direct effects on the coronary circulation and is likely 
related to its cardiac unloading effect. 
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implications of Increased Myocardial Isoenzyme Level in the | 
‘Presence of Normal Serum Creatine Kinase Activity 


GARY V. HELLER, MD, PhD, ALVIN S. BLAUSTEIN, MD, and JEANNE Y. WEI, MD, 


With the technical assistance of DANIEL GEER 


Although increased serum creatine kinase (CK) 
_ activity In the presence of an increased level of 
myocardial-specific Isoenzymes (CKMB) has been 
strongly associated with acute myocardial Infarc- 
tlon, the significance of an Increased serum CKMB 
level in the presence of a normal total CK level Is 
uncertain. In 335 consecutive patients suspected of 
having an acute myocardial infarction and 71 control 
subjects, peak serum CKMB and CK levels were 
correlated with the presence of other clinical criterla 
for acute myocardial Infarction: (1) typical chest 
pain, (2) Increased myocardial lactate dehydroge- 
nase (LDH,/LDH3), (3) acute electrocardlographic 
.changes (new or ST-T wave changes with evolu- 
tion), and-(4) an elevated CKMB level on 2 or more 
determinations or a typical ‘CK curve, No control 
subject had an increase in CK or CKMB or any of the 
4 criterla for myocardlal infarction. Of the 176 
subjects with normal CK and normal CKMB (Group 


The irreversible disruption of myocardial cell mem- 
branes results in the release into the serum of specific 
` intracellular constituents, among which are CK and its 
. isoenzymes.’ The application of techniques for the 
measurement of these myocardial enzymes of CK has 
enhanced the physician’s ability to distinguish patients 
with frank myocardial injury from those with reversible 
ischemia or noncardiac symptoms.!-3 The definition of 
unequivocal infarction has been based on an increase 
in the CK activity above the normal range, the simul- 
taneous appearance of CKMB, and a characteristic 
disappearance curve.* Because it is now possible to 
sensitively measure CKMB, a group of patients has 
_ been identified: in whom CKMB is elevated but total CK 
remains within normal limits.5 The significance of this 
finding has not been clearly established, and it remains 
uncertain whether or not this represents a subtle form 
of myocardial injury.) It was hypothesized that, were 
this finding to represent cell death, other evidence in- 
dicative of myocardial injury should be present. Con- 
versely, the constellation of normal CK and elevated 
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1), only 11% had more than a single criterion, and’ 
none had more than 2 criterla consistent with 
myocardial Injury. In contrast, of the 83 with ele- 
vated CK and CKMB levels (Group 2), 93% had 2 
or more and 81% had 3 or more of the 4 criterla. Of 
the 63 patients with elevated CKMB but a persis- 
tently normal CK (Group 3), 65% had 2 or more 
criterla for acute myocardial infarction and 77% had 
subendocardial electrocardiographic changes; these 
patients resembled those with both elevated CK and 
MB. The phenomenon of elevated CKMB with normal 
CK occurred In 20% of the patients aged 270 years 
but in only 10% of the younger group (p <0.01). 
These findings suggest that elevated CKMB with 
normal CK likely represents definite myocardial 
injury, Is more common In the elderly, and should be 
considered part of the spectrum of nontransmural 
myocardial infarction. | 


CKMB should not occur in asymptomatic patients. The 
present study was undertaken to clarify the nature of 
the relation between these enzymatic findings and 
myocardial infarction. 


Methods 


Patients: The charts of 1,021 consecutive patients admitted 
to the Beth Israel Hospital between March and November - 
1980 in whom CK and CKMB determinations had been re- 
quested were reviewed. Patients in whom a potential non- 
cardiac source of CK had been documented were excluded: 
those with seizure, trauma, intercurrent surgery, or muscu- 
loskeletal disorders. Patients with the electrocardiographic 
finding of left bundle branch block and without previous 
tracings were also excluded. All patients with the diagnosis 
of myocardial infarction in whom multiple enzyme determi- 
nations were available were included; 10 patients with only 
1 CK measurement were not included. 

Three hundred thirty- five patients comprised the study 
group. In all, a minimum of 3 enzyme determinations within 
36 hours of admission were available; the first of these was 
obtained at the time of symptomatic presentation and the 
second was generally obtained within 12 to 18 hours of the 
first. Seventy-one asymptomatic patients hospitalized for 
elective surgery, of a similar age distribution, and with a re- 
mote history of coronary artery disease served as control 
subjects; these patients had at least 1 determination of cardiac: 
enzymes while in the hospital. In each patient, the following 
clinical and laboratory data were obtained: age, sex, presenting 
symptoms, the admitting physicians’ initial clinical impres- 
sion, serial 12-lead electrocardiograms, admission’ chest 
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TABLE! Clinical Characterlstics* 
Study Patients 





, Control Patients 
h e 
Group 1 Group 2 Group 3 Group 4 Group A Group B 
Enzyme pattern CK—MB— CK+MB+ CK—MB+ CK+MB— CK-~-MB— CK+MB+ 
Patients (n) 173 83 63 16 66 5 
Age (yr) 66.7 + 1.3 71.8 + 1.2 75.5 + 1.2*° 66.6 + 3.7 60.2 + 3.5 70.8 + 6.8 
Chest pain 94 (54%)t 71 (86%) 32 (51%) 9 (56%) 0 0 
ECG (new changes) 29 (17%) 72 (87%) 41 (65%) 8 (50%) 0 0 
Transmural 2 (7%) 49 (67%) 8 (20%) 0 0 0 
Nontransmural 27 (93%) 24 (33%) 33 (80%) 8 (100%) 0 0 


* Numbers In parentheses represent percentages of the total number of patients in each group. t p <0.05 versus all other groups. Age is average 


_£1 standard error of the mean. 


CK— = creatine kinase within normal laboratory range 200 IU; CK+ = creatine kinase >200 IU; MB— = creatine kinase myocardial enzyme 
<6% of total (considered normal range); MB+ = creatine kinase myocardial enzyme >6%. 


roentgenogram, serum glutamic oxaloacetic transaminase 
(SGOT), lactate dehydrogenase (LDH), and isoenzymes, as 
well as CK and its isoenzymes. In the text and analysis, the 
term typical chest pain is used to summarize the following 
general descriptions on the patient’ 8 record: ischemic pain, 
angina, crushing substernal pain, and substernal pressure or 
aching in the chest, back, or jaws with radiation into the left 
or both arms. All electrocardiograms were reviewed by at least 
one of us; the few discrepancies with official readings were 
settled by consensus. Evidence of transmural infarction was 
‘considered present if a new Q-wave or characteristic evolution, 
or both, was observed on serial tracings. Subendocardial in- 
farction or ischemia was diagnosed if new S-T segment de- 
pression or T-wave inversion, or both, persisted for >24 hours. 
Nonspecific S-T segment and T-wave changes were consid- 
ered significant if they represented an interval change in the 
.electrocardiogram, were localized in distribution, and per- 
sisted for >24 hours. The interpretation of the chest roent- 
genogram was the official reading made by the radiology de- 
partment. 

Laboratory data were processed routinely in the clinical 
laboratory at the Beth Israel Hospital. Myocardial isoenzymes 
were measured with agar gel electrophoresis (Corning). Before 
densitometric quantification, a visual inspection of the agar 
plate was performed, and only those with a visible CKMB 
band underwent further analysis. CKMB results are reported 
as percentages and not in international units, because accurate 
measurement of international units of MB using this tech- 
nique would require eluting the MB band after it is removed 
from the agarose plate,? a procedure not performed in the 
laboratory. A CKMB level of <5% is.considered within normal 
limits. In the clinical laboratory LDH isoenzymes are quan- 
titated routinely when the total LDH level exceeds 220 IU. In 
all 147 of 249 patients in Group 1 and the control group, all 
patients in Group 2, 55 of 63 patients in Group 3 and 18 of 21 
patients in Group 4 had at least 1 LDH isoenzyme measure- 
ment. For the purposes of this study, when LDH isoenzymes 
were not measured it was assumed that the myocardial iso- 
enzyme/liver isoenzyme (LDHj/LDHz) did not reveal evi- 
‘dence of myocardial necrosis. This assumption may well have 
resulted in the incorrect classification of some patients with 
myocardial injury as normal. If an estimated 15% of patients 
with no LDH isoenzyme determinations were assumed to have 
LDH, = LDH2, this would have resulted in approximately 3 
patients in Group 1 and 2 patients in Group 3 being reclassi- 
fied on the basis of our criteria for myocardial i injury (see 
Table HI). 

Results throughout are expressed as the mean + standard 
error of the mean. Where statistical methods are applied, the 
specific test is indicated. 


Results 


The study was designed to evaluate the significance 
of a particular enzymatic profile. The initial identifi- 
cation of subjects was based only on the requirement 
that CKMB determination had been requested by the 
physician and performed by our laboratory. We were 
therefore initially unaware of the clinical indication for 
the test. Patient groups were identified on the basis of 
the CK and CKMB levels falling within or exceeding 
normal limits for the laboratory. This resulted in 4 
identifiable groups: Group 1 had normal CK and 
CKMB (CK—MB-; n = 173); Group 2 had elevated CK 
and CKMB (CK+MB-+; n = 83); Group 3 had a normal 
CK and elevated CKMB (CK-MB+; n = 63); and 
Group 4 had elevated CK and normal CKMB 
(CK+MB-; n = 16). 

Five patients in the control group and all Group 4 
patients had CK elevation with normal MB that defied 
explanation oh the basis of available data. These pa- 


-tients will not be characterized further. 


Table I lists the clinical characteristics of the 4 groups 
and control subjects, Group 1 consisted of patients in 
whom infarction was clinically excluded by history, 
physical examination, electrocardiography, and enzy- 
matic analysis. In contradistinction, Group 2 included 
patients in whom the clinician believed unequivocally 
that myocardial infarction had occurred. Group 3 in- 
cluded patients in whom the diagnosis of infarction was 
uncertain. This last group was significantly older than 
the other (p <0.01, one-way analysis of variance). The 
incidence of. typical chest pain and electrocardiographic 
changes consistent with transmural or nontransmural 
infarction was highest in Group 2 (86% and 87%, re- 
spectively). The percentage of patients with chest pain 
was almost identical in Group 1 and Group 8 patients, 
but electrocardiographic changes were much more 
common in Group 3 (65% versus 17%). Not surprisingly, 
patients in Group 2 more frequently had electrocar- 
diographic findings compatible with a transmural event, 
whereas those in Group 8 had predominantly non- 
transmural changes. Chest pain and electrocardio- 
graphic changes were absent in the control group 
(Group A, Table I). 

Enzymatic data are listed in Table II. In Group 2, 
CKMB% averaged 18 + 5% and all other enzymatic in- 
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TABLE ll Enzyme Profile 








Study Patients Control 
Patients: 
Group 1 Group 2 Group 3 Group A 
Enzyme pattern CK—MB~ CK+MB+ CK-~MB+ CK—MB— 
CK Peak 73.9 + 3.0 983.4 + 96.5 98.0 + 5.4 68.9 + 5.3 
LDH Peak 280.6 + 15.6 778.3 + 80.7 315.5 + 26.9 309.9 + 28.0 
SGOT Peak 35.9 + 4.8 125.5 + 14.5 27.5 + 3.6 54.3 + 14.3 
LDH,/LDH2* : 2 (1%) 66 (80%) 12 (20%) 0 








Ei Entry indicates number of patients and percentage of the total In each group with the finding. 
CK = serum creatine kinase, normal <200 iU/liter; LDH = serum lactate dehydrogenase activity, normal $220 [U/liter, LDH,/LDH, = ratio 
of cardiac to liver isdenzymes of lactic dehydrogenase; MB = myocardial specific isoenzyme of DK; (+) If 26% of total CK; SGOT = serum glutamic 


oxalacetic transaminase activity, normal <40 lU/Ikter. 


dexes were higher than in all other groups and the 
control group. In Group 3, although the peak CK total 
was well within normal limits, it was significantly higher 
than in Group I and the control group (p <0.05, analysis 
of variance); CKMB% was 12 + 6% in this group, a value 
well above the upper limits of normal (5%) in our labo- 
ratory. In Group 3, the peak CK level (98.0 + 11.3 IU) 
was more than double the basal CK level (47.0 + 9.5 IU; 
p <0.01, paired ¢ test) measured either on admission or 
at discharge. These data suggest that any CKMB level 
>5 IU is abnormal (98.0 X 5%). Although neither total 
peak SGOT nor LDH effectively discriminated among 
control, Group 1, and Group 3 patients, 20% (12 of 63) 
of Group 3 patients did demonstrate reversal of LDH 
isoenzymes. Thus, examination of clinical and enzy- 
matic data suggested that Group 3 represented a pop- 
ulation with characteristics more closely resembling 
Group 2 than Group 1 or control patients. 

To further characterize the study group and deter- 
mine the occurrence of clinically significant events in 
this group, a set of criteria were identified other than a 
single elevated CK or CKMB level which most clearly 
differentiated patients in whom myocardial infarction 
had been clinically excluded (Group 1) from those in 
whom infarction was evident (Group 2). These criteria 
were typical chest pain, new electrocardiographic 
changes, and LDH,/LDHp 21. In order to minimize the 
likelihood of increased CKMB-+ occurring as a random 
event, we also considered the presence of increased 
CKMB+ on more than 1 occasion or the presence of a 


characteristic CK curve to be a criterion. A patient could ' 


thus have a maximum of 4 positive criteria. These re- 


TABLE IlI Diagnostic Criterta* 











Study Patlents Control 
Patients 
Criteria Group 1: Group 2: Group 3: Group A: 
Number CK~-MB-t CK+MB+ CK-MB+ CK-MB- 
0 43 1, 6 100 
1 46 6 29 0 
2 11 12 33 0 
3 0 27 24 0 
4 0 54 3 0 





* Diagnostic criterla = typical chest paln, new ECG changes, 

4/LDH2 = 1, CKMB-+ more than once or typical CK curve; maximum 

“Of 4 criterla per patient. 1 Percentage of total In each group with des- 
ignated number of criteria. 


sults are presented in Table III. Kighty-nine percent of 
patients in Group 1 had a maximum of a single criterion; 
none had more than 2 criteria. In contrast, 93% of pa- 
tients in Group 2 had 2 or more criteria. Therefore, in 
the evaluation of Group 3, a minimum of 2 criteria were 
required to qualify as strong evidence for myocardial 
injury. Sixty-five percent of the patients in this group 
had 2 or more criteria. In sharp contrast, no patient in 
the control group had a single positive criterion. 

We sought to clarify the relation between the clinical 
criteria for acute myocardial infarction and the peak 
percentage of CKMB in Group 3 patients. All the pa- 
tients in Group 3 were subclassified into 4 groups based 
on the number of positive clinical criteria for infarction. 
For the patients with no criteria (n = 4), mean CKMB 
was 7.5 + 0.3%, whereas those with 1 criterion (n = 16) 
mean CKMB was 9.6 + 1.1%. The means for those with 
2 (n = 29) and 3 (n = 13) criteria were 10.2 + 1.5% and 
13.5 + 1.5%, respectively. In 1 patient with 4 positive 
criteria, peak CKMB was 29%. Although there is some 
overlap in the range of CKMB for the different numbers 
of diagnostic criteria, the mean percentage of CKMB 
increases as the number of positive criteria for acute 
infarction increases (p <0.05, one-way analysis of 
variance). 


Discussion 


In our study, patients with an enzymatic profile 
characterized by the presence of an elevation in CKMB 
on at least 1 determination without an increase in total 
CK above normal had a high incidence of new non- 
transmural electrocardiographic changes and a 20% 
incidence of LDH isoenzyme reversal. Laboratory 
evaluation often demonstrated an increase in CK to 
twice basal levels during the hospital course. In contrast, 
new electrocardiographic changes, CK fluctuations, and 
reversed LDH ratio were distinctly unusual in Group 
1 patients and absent among control subjects. We in- 
terpret these data to indicate that patients with positive 
CKMB but without elevation of total CK had clinical 
features similar to those with transmural infarction and 
should be considered to have had nontransmural myo- 
cardial injury. 

Reports bearing directly on such patients are scarce. 
D’Souza et all? examined a clinically similar group of 
patients, describing details of CK and LDH isoenzymes. 
In all, 24 patients were identified in whom the highest 
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recorded total CK was within normal limits but in whom 
CKMB was detected. Eleven of these patients had a 
reversed LDH ratio, 5 of whom had electrocardiographic 
evidence of nontransmural injury. In another recent 
study,® 20% of 724 consecutive patients admitted to 
coronary care unit for chest pain had a normal CK but 
elevated CKMB level utilizing a laboratory method 
similar to that used in our study. Of these 69 patients, 
17% had electrocardiographic evidence of new 
transmural infarction and 28% had an LDH isoenzyme 
reversal, figures similar to those in our corresponding 
patients (20% and 20%, respectively). However, our 
study differs in that it was designed to determine 
whether patients with normal CK and elevated CKMB 
had a clinical and biochemical profile consistent with 
myocardial injury. Thus, we required only that patients 
have CK isoenzymes measured without prior knowledge 
of their clinical presentation or other objective data. On 
the basis of a composite measure that discriminated 
patients with transmural infarction from those in whom 
myocardial infarction was clinically excluded, Group 
3 closely resembled those with myocardial infarction. 
It seems reasonable, therefore, to consider them as 
having had some myocardial necrosis. 

Another aim of the study was to make a preliminary 
characterization of this group of patients. Group 3 pa- 
tients were, on the average, older than those in other 
groups (Table I). Their relative senescence may have 
a bearing on the low incidence (51%) of presentation 
with typical chest pain; many patients presented with 
shortness of breath, syncope, weakness, or abdominal 
symptoms. This tendency for older patients to present 
in an atypical fashion has been reported in several 
studies.!!12 The increased incidence of this more subtle 
form of injury in the elderly (20% in patients over age 
70, 9% in patients under age 70) may be due to several 
factors: the distribution of atheromatous lesions, the 
presence of more abundant collateral vessels, a lower 
rate of of myocardial oxygen consumption or a lower 
basal CK activity in the elderly, and perhaps a delay in 
obtaining therapy because of the atypical nature of the 
symptoms. 

Tn light of the paucity of information on this enzymatic 
profile, it seems appropriate to speculate on its place in 
the clinical spectrum of active coronary disease. In 
previous clinical descriptions, prolonged or frequent 
episodes of pain unresponsive to nitroglycerin and as- 
sociated with localized ST-T wave changes identified 
patients with nontransmural necrosis.!3 In other stud- 
ies, these descriptions indicated impending infarction 
or even a poor prognosis,/4-16 and it is likely that recent 
reports of positive infarct scintigrams in patients with 
unstable angina!’.18 include this group of patients. In 
a recent clinical study, Neill et al!? performed coronary 
angiography in patients with coronary insufficiency at 
the time of hospitalization for the acute episode and 4 
months later. Reversible ST-T wave changes frequently 
corresponded to the anatomic distribution of a severely 
stenosed vessel. Of 30 electrocardiographic/angiographic 
correlations, 9 vessels progressed to complete occlusion 
during the follow-up period. Taken in concert with these 
studies, our data seem to identify Group 3 patients as 
a subset of those with an acute coronary syndrome in 


whom nontransmural necrosis has occurred and who 
may be at future risk for morbid and mortal events. 

In summary, in this study the patients with a 
CK-MB+ profile have clinical and laboratory charac? 
teristics similar to those with typical infarction and 
distinct from those in whom infarction is excluded. This 
profile often occurs in an elderly population with a rel- 
atively high incidence of atypical ischemic symptoms 
but with electrocardiographic changes and other labo- 
ratory data consistent with necrosis. Our data also 
suggest that each patient’s basal level of CK serve as his 
reference, because an elevation to at least twice basal 
levels was observed in the majority of Group 3 patients, 
even though the maximal CK level remained normal. 
One may state with a fair degree of confidence that the 
presence of an elevated CKMB level with a normal CK 
level, especially in elderly patients, is frequently ac- 
companied by several other criteria associated with 
myocardial infarction and should be interpreted as 
definite myocardial damage. 
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‘Left ventricular function was evaluated with rest and 
. supine bicycle exercise-multigated blood pool scans 
In 53 patients who had previously undergone coro- 
-nary anglography for evaluation of a chest pain 


' syndrome. There were 21 normal patients (<25 %' 


. stenosis In any coronary artery, left ventricular 
end-diastolic pressure <12 mm Hg, and normal left 
ventriculography) and 32 patients with coronary 
‘artery disease (CAD) (>50% narrowing in 1 or 
' more major coronary arteries). Thirty-two (60% ) 
were receiving propranolol at the time of the study. 


` The normal patient group had a significant increase — 


In mean ejection fraction (EF) during exercise 
` (+0.08 + 0.09), while the CAD group had no In- 
> crease (0 + 0.11; p <0.05). Mean end-systolic 
volume decreased significantly i in the normal group 
(—5 + 8 m/m?) but demonstrated no significant 


change in the CAD group (1 + 12-mi/m?; p <0.05 | 


.compared with normal patients). There was no 
significant change in mean end-diastolic volume in 
. either group. Mean ejection rate, mean peak systolic 


. Radionuclide blood pool imaging offers a Rontuvanive 
d 







. means of assessing left ventricular function at rest: 
- during maximal exercise. The adequacy of left ven- 
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pressure/end-systolic volume ratio, and mean pul- 
monary blood volume ratlo also differed In the nor- 
mal versus CAD patients. Despite mean differences, 
there was considerable overlap In both groups of 
individual EF.responses: 8 of 21 (38% ) of the nor- 
mal group did not have an Increase in EF of 0.05 with 


exercise, while 15 of 32 (47% ) of the CAD group did 


have an increase In EF of 0.05 with exercise. 
However, the addition of peak systolic pressure/. 
end-systolic volume ratio and pulmonary. blood 
volume (exercise/rest) ratlo Improved the sensitivity 
for detecting CAD from 53 to 84% without adversely - 
affecting specificity. Thus, there is a wide spectrum 
of left ventricular EF responses to supine exercise. 
In our patient population, EF alone was an Insensi- 
tive and nonspecific marker of CAD. The addition of 
other parameters of global left ventricular function, 
which may be generated using radionuclide’ angl- 
ography, helps distinguish patients with CAD’ from 
normal ia densi i 


tricular fikcion during stee been proposed as 


a reliable method for identifying patients with CAD.1-13 


Although this measurement assesses the adequacy of 
the coronary circulation only indirectly, it, appears to 
have diagnostic value because many patients with sig- 
nificant coronary stenosis have an impaired’ left ven- 


_ tricular contractile response to exercise compared with , 


normals. The ejection fraction is the most widely used 
objective measure of left ventricular contractile function 
because it is easily and accurately measured.'4.15 Nor- 
mal patients reportedly have an increase in EF during 
exercise of =0.05.5 However, because it is'a ratio.of 2° 
physiologic parameters, stroke volume and-end-diastolic 


volume; because it may be affected by changes in heart 
rate, preload, or afterload; and because exercise is a 
complex intervention, changes in EF alone may not 
completely define the adequacy of left ventricular 


performance during exercise stress.1617 Although EF. 


is often the only parameter quantitated during exer- 
cise-multigated blood pool scanning, its relation to the 
presence of coronary disease has not been clarified. 
Furthermore, other parameters of global left ventricular 
function may be derived, such as ejection rate,” end- 
diastolic volume,*+9 the ratio of peak systolic pressure 
to end-systolic volume, and pulmonary blood volume 


ratio, and their usefulness in relation to EF in the- 


evaluation of CAD has not been clearly defined. In this 
study, the changes in left ventricular EF during supine 
bicycle exercise were compared with changes in end- 
diastolic volume, end-systolic volume, and pulmonary 
blood volume ratio in patients with or without CAD. 
The data help to clarify the changes in global left ven- 
tricular function to be anticipated in patients with 
coronary disease. 


Methods 


Patient population: Fifty-three patients undergoing car- 


diac catheterization for a stable chest pain syndrome had rest 
and exercise-multigated blood pool scanning.!* Patients with 
unstable or refractory angina pectoris, congestive heart failure, 
or left ventricular aneurysm were excluded. Twenty-one pa- 
tients with <25% stenosis measured in at least 2 angiographic 
projections in all coronary vessels and with left ventricular 
end-diastolic pressure <12 mm Hg at rest were defined as 
normal; this group was comprised of 10 males and 11 females 
with a mean age of 47 + 12 years (mean + 1 standard devia- 
tion). None had mitral valve prolapse. Thirty-two patients 
with >50% diameter luminal narrowing measured in at least 
2 angiographic projections in 1 or more major coronary vessel 
were defined as having CAD and included 26 males and 6 fe- 
males with a mean age of 53 + 9 years. Four patients had 
single-vessel disease, 16 double-vessel disease, and 12 triple- 
vessel disease. Eleven patients had a documented previous 
myocardial infarction. Thirty-two patients were receiving 
propranolol and included 8 of 21 (88%) normal and 24 of 32 
(75%) CAD patients. Propranolol was not routinely discon- 
tinued before exercise because of reluctance of the patients’ 
physicians in our institution. Nitrates were withheld for 4 
hours before the performance of the stress test. No patient was 
receiving digoxin. 

Scan acquisition: Each patient was given an intravenous 
injection of stannous pyrophosphate (Pyrolite, New England 
Nuclear, North Billerica, Massachusetts) followed within 30 
minutes with 20 mCi of technetium-99m pertechnetate for in 
vivo labeling of the red blood cells.18 After 10 minutes of tracer 
equilibration, supine multigated blood pool images were ac- 
quired in the anterior and the left anterior oblique view for 
optimal visualization of the interventricular septum. An Ohio 

‘Nuclear Series 420 Anger Camera with a medium sensitivity 
all-purpose parallel hole collimator (Technicare, Cleveland, 
Ohio) interfaced to a computer (MUGA-CART, Medical Data 
Systems, Ann Arbor, Michigan) was used for image acquisition 
and data analysis. Images were recorded in 14 frames from the 
end of diastole through two thirds of the cardiac cycle and 
approximately 200,000 counts were obtained in each frame. 

Exercise protocol: Supine exercise studies were performed 
with a bicycle ergometer table (Engineering Dynamic, Lowell, 
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Massachusetts) during continuous 12-lead electrocardio- 
graphic monitoring (Hewlett Packard, Waltham, Massachu- 
setts). Exercise was begun at a pedal speed of 50 rpm and a 


- work load of 150 kpm/min and increased by 150 kpm/min 


every 3 minutes to a symptom-limited maximum (fatigue, 
shortness of breath, or angina). Images were obtained in the 
left anterior oblique projection starting 1 minute after each 
exercise level was begun and continued until approximately 
200,000 counts/frame were acquired (1.5 to 2 minutes). Heart 
rate and blood pressure were recorded at each exercise level. 
The maximal heart rate was expressed as a fraction of the 
predicted maximal heart rate to be anticipated based on pa- 
tient age (220 minus age). A significant abnormal electrocar- 
diographic response to exercise was 21 mm of horizontal S-T 
segment depression, 0.08 second after the J point. 

Catheterization data: Each patient underwent routine 
cardiac catheterization which included right- and left-sided 
pressure measurements, selective coronary arteriography, and 
radiographic contrast left ventriculography. Coronary an- 
giograms were reviewed by 2 observers and disagreements 
settled by consensus. Coronary stenoses were measured using 
calipers in relation to the proximal normal-appearing segment 
in 2 or more angiographic projections. Greater than 50% nar- 
rowing in any vessel was considered to be significant ste- 
nosis. 

Ejection fraction analysis: EF was determined from the 


. rest and peak exercise left anterior oblique images. A semi- 


automated edge detection algorithm was used to determine 
counts within the left ventricular region of interest (Medical 
Data Systems, MUGE Program). EF was the difference be- 
tween background-corrected end-diastolic and end-systolic 
counts divided by end-diastolic counts. EF was reported as 
the average of 2 separate determinations. Previous data from 
our laboratory indicate that the intraobserver variability for 
EF (+2 standard deviations) is +6% at rest, +9% with exercise, 
and +11% for the change between rest and exercise.!8 In this 
study, the EF was determined by 1 observer at 2 separate 
times (2 months apart) without knowledge of clinical or 
catheterization data or the 2 values averaged. 

Ejection rate analysis: The average ejection rate was the 
change in counts in the left ventricle from end-diastole to 
end-systole with respect to time, normalized for end-diastolic 
counts (stroke counts/ejection time/end-diastolic counts).? 
Because the counts within the left ventricular region of in- 
terest are proportional to volume, this measurement is com- 
parable to the change of volume over time relation normalized 
for end-diastolic volume which has been obtained from the 
contrast ventriculogram (dV/dt/end-diastolic volume). 
Ejection rates were determined by 1 observer on 2 separate 
occasions without knowledge of clinical or catheterization data 
and the 2 values averaged. 

Left ventricular volume analysis: End-diastolic volume 
was calculated using a previously reported geometric ap- 
proach. 19.2 This involves (1) calibration of the camera system 
for actual square centimeters per picture element, (2) com- 
puter derivation of the area in square centimeters, (3) com- 
puter derivation of the longest chord in centimeters within the 
left ventricular region of interest, and (4) trigonometric cor- 
rection to orthogonal biplane views. For this study, the cal- 
culation was modified so that end-diastolic volumes were 
derived from the left anterior oblique view alone, allowing a 
measurement of end-diastolic volume during rest and peak. 
exercise (without having to change the position of the camera). 
This was accomplished by using the computer-derived left 
anterior oblique area and length and the single-plane area- 
length equation of Sandler and Dodge?!:*; Volume = 4/3 long 
axis X short axis?, where short axis = 4 area/r long axis. 
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FIGURE 1. Linear regression curve of contrast left ventriculographic 
end-diastolic volume (right anterior oblique) and radionuclide ventric- 
ulographic end-diastolic volume (left anterior oblique); Y = scan volume, 
X = contrast ventriculographic volume. Rearrangement of equation 
for use In our patient study where scan volumes were measured and 
related to catheterization volumes (considered true volumes): X = 
(¥/0.46 — 0.14)/0.46. The standard error of the estimate was 13 
mi/m. 


To determine the validity of using this single-plane geo- 
metric approach, 30 other patients (7 normal patients and 23 
with coronary disease) undergoing both contrast left ven- 
triculography and multigated blood pool scans were analyzed. 
Left anterior oblique end-diastolic volumes were compared 
with volumes derived from anterior oblique single-plane left 
ventriculography and biplane-multigated blood pool scanning. 
The individual paired data points for right anterior oblique 
contrast ventriculograms and left anterior oblique multigated 
blood pool scans are shown in Figure 1. The values correlate 
closely (r = 0.87, p <0.0001). There was also a close correlation 
between left anterior oblique and biplane-multigated blood 
pool scan values (r = 0.91, p <0.0001). For both correlations, 
the slope of the regression line was substantially less than 
unity (left anterior oblique absolute volumes were smaller). 
This may be partly due to the fact that the left ventricle is 
more foreshortened in the left anterior oblique compared to 
the right anterior oblique view. For this study, all scan end- 
diastolic volumes derived from the gated blood pool scan were 
corrected to angiographic volume using the regression equa- 
tion and were then divided by the body surface area to derive 
an index value. 

Stroke volume was calculated as EF multiplied by the 
end-diastolic volume and cardiac output was stroke volume 
times heart rate. End-systolic volume was the difference be- 
tween end-diastolic volume and stroke volume. This approach 
avoided assuming a left ventricular end-systolic geometry. 
Volumes were determined by 1 observer on 2 separate occa- 
sions without knowledge of clinical or catheterization data, 
and the 2 results were averaged. 

Peak systolic pressure/end-systolic volume analysis: 
Peak systolic pressure was determined by blood pressure cuff 
at rest and at each stage of exercise. The ratio of peak systolic 
pressure to end-systolic volume index was calculated as an 
average of the 2 derived values.!! 

Pulmonary blood volume ratio: The ratio of pulmonary 
blood volume during exercise compared with rest was derived 
from multigated blood pool scanning. This parameter has 
been shown of value in differentiating patients with and 

. without CAD.® A region of interest was placed over the lung 
in both rest and exercise end-diastolic images. The count ratio 
of exercise to rest activity, normalized for study collection 
time, was calculated. From previous work, a ratio of 1.05 was 
found to be 2 standard deviations above the normal mean and 
was defined as the upper limit of normal. Pulmonary blood 


TABLE! Cilinical Data on Normal Patients and Patients 





With CAD 
4 Coronary 
Normal Disease 
(n = 21) (n = 32) P 
Age (yr) 47 +12 5329 acts 
Number of males 10 (48%) 26 (81%) <0.05 
Number with exercise- 2 (10%) 19(59%)  <0.001 
induced S-T depression 
Number recelving 8 (38%). 24(75%)  <0.05 
propranolol 
Number achieving 85 % 18 (71%) 8 (25%)  <0.001 
of maximal predicted 
heart rate 
Heart rate 
Rest 714 12 66+ 11 ee 
Exercise 141 + 23° 1114+ 24* <0.001 
Difference +7123 445417 - <0.001 
Systolic blood pressure 
Rest 130 + 17 127+ 19 eye 
Exercise 177 £28* 165422" <0.05 
Difference +47432 +384 23 7 


Values are mean + 1 standard deviation. 
* p <0.001, compared with rest value. 


volume ratios were determined by 2 observers and then av- 
eraged. 

Statistical analysis: The differences between rest and 
exercise values of each variable were derived. Group values 
were expressed as mean + 1 standard deviation. Differences 
among group means were compared using an unpaired t test. 
Changes between rest and exercise values were compared 
using a paired ¢ test. Frequency differences were compared 
using chi-square analysis. A 2-way analysis of variance was 
performed on the duplicate values for each scan-determined 
variable which were determined on the 2 occasions. This was 
done to calculate experimental plus operator error in an at- 
tempt to assess the significance of individual differences with 
respect to random error, which is important when data from 
individual patients are being considered. However, when 
group means are used, random error in both directions negates 
this problem and thus the individual variations may be less 
important in data analysis. 


Results 


Clinical data (Table I): Patients with CAD were 
significantly more frequently male, more likely to be 
receiving propranolol, and had a lower maximal heart 
rate and systolic blood pressure with exercise than pa- 


TABLE II Intraobserver Variance (+2 Standard 
Deviations) for Parameters of Global Left 
Ventricular Function for the Individual Resting, 
Peak Exercise, and Difference Between Resting 
and Peak Exercise Measurements 


Resting Exercise Difference 





EF* 0.06 0.09 0.11 
Ejection rate 0.6 0.7 0.6 
End-diastolic volume (ml/m?) 18 14 17 
Stroke volume (ml/ 9 9 14 
End-systolic volume (ml/m?) 16 13 17 
Pulmonary blood volume ratio* 0.10 ore 


* Previously reported.® 11 
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tients without CAD. Within each group, there was no 
relation between taking propranolol and peak exercise 
heart rate. 

Intraobserver variability: The intraobserver 
variance (+2 standard deviations) for the variables 
studied are summarized in Table II. 

Overall scan data (Table IT): At rest, patients with 
CAD could not be differentiated from normal patients. 
With exercise, EF, ejection rate, and the peak systolic 
pressure/end-systolic volume ratio were significantly 
lower and end-systolic volume was significantly higher 
in patients with CAD than in normal patients. The ex- 
ercise/rest pulmonary blood volume ratio was greater 
in patients with CAD. Differences in end-diastolic 
volume were not statistically significant. 

Scan data in normal patients: Among the 21 normal 
patients, EF increased by 20.05 during exercise in 13 
patients (62%) and failed to increase by 0.05 in 8 pa- 
tients. The 2 groups of normal patients did not differ in 
any clinical variable except for peak exercise heart rate. 


TABLE III Scan Data In Normal Patlents and Patients With 


CAD 
Coronary 


HR (beats/min) 
Rest 
Exercise 
Difference 

SPB (mm Hg) 
Rest 
Exercise 

„Pifferonge 


Rest 

Exercise 

Difference 
Ejection rate (dV/dt) 

Rest 


Exercise 
Difference 
EDV (mil/m?) 
Rest 
Exercise 
Difference 
ESV (ml/m?) 
Rest 
Exercise 
Difference 
Stroke volume (ml/m?) 
Rest 
Exercise 
Difference 
Cardlac output 
(liters/min/m?) 
Rest 


Exercise 

Difference 
PSP/ESV ratio 

Rest 

Exercise 

Difference 
Pulmonary blood 

volume ratio 


* p <0.05, t p <0.001, and + p <0.01, compared with resting value. 
1 standard deviation. EDV = end-diastolic volume; 


Values are mean + 
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{n = 21) 
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ESV = end-systolic volume; HR = heart rate; PSP = peak systolic 
pressure; SDP = systolic blood pressure. 


Patients who increased EF by 20.05 during exercise had 


‘a lower peak heart rate than patients who increased EF 


by <0.05 (134 + 24 versus 153 + 18, p <0.05). Five of the 
13 and 8 of the 8 patients in the 2 normal groups were 
receiving propranolol (difference not significant). 

Mean values for scan-derived variables of left ven- 
tricular performance are shown in Table IV and illus- 
trated in Figure 2. The 2 groups of normal patients did 
not differ in any parameter at rest. However, the group 
with a 20.05 increase in EF during exercise accom- 
plished this with a significant increase in stroke volume 
and a significant decrease in end-systolic volume. On 
the other hand, the group with a <0.05 increase in EF 
had no change in stroke volume or end-systolic volume 
with exercise. The peak exercise values did not differ 
significantly in the 2 groups except for the peak systolic 
pressure/end-systolic volume-during exercise, which was 
higher in patients with a 20.05 increase in EF. 

Scan data in patients with coronary disease: 
Among the 32 patients with CAD, the EF increased by 
20.05 during exercise in 15 patients (47%) and failed to 


TABLE IV 








Scan Data In Normal Patients With and Without 
20.05 Increase in EF During Exercise 
EF Increase 
20.05 <0,05 
(n = 13) (n = 8) p 
HR (beats/min) 
Rest 7349 70 + 18 oes 
Exercise 134 + 24* 153 + 18* Bas, 
Difference +614 25 +83 + 21 <0.05 
SBP (mm Hg) 
Rest 1314 13 126 + 23 
Exercise 175 + 26° 181 +31* 
Difference 44 +27 +55 + 23 
EF 
Rest 0.63 + 0.07 0.69 + 0.08 Sate 
Exercise 0.76 + 0.07 0.68 + 0.08 <0.05 
Difference +0.13 + 0.07 —0.01 + 0.03 <0.001 
Ejection rate (dV/dt) 
Rest 1.8 + 0.4 2.0 4 0.3 
Exerclse 2.6 + 0.4t 2.7 + 0.6" 
Difference +0.8 + 0.4 +0.7 + 0.3 
EDV (mi/m?) 
Rest 64+ 14 64 + 14 
Exercise 634 14 86 + 23 
Difference —1 +4 11 +2411 
ESV (ml/m?) 
Rest 2447 20 + 8 
Exercise 15 + 4t 21 11 ah 
Difference -9 +7 +1+3 <0.001 
Stroke volume (ml/m*) 
Rest 4017 44+ 11 
Exerclse 48 + 11° 45+ 11 
Difference +811 +18 
Cardiac output 
(ilters/min/m?) 
Rest i 29+ 0.7 3.2 + 0.4 
Exercise 6.4 + 1.8t 6.8 + 0.2* 
Difference +3.5 + 2.2 +3.6 + 1.7 
PSP/ESV ratlo 
Rest 6.2+2.5 7.0 + 2.8 iyii 
Exerclse 13.1 + 4.7t 9.7 +3.7* <0.05 
Difference +6.9 + 12.3 +27 +48.8  <0.01 
Pulmonary blood 0.92 + 0.077 0.98 + 0.06 aa 
volume ratio 








* p <0.01, t p <0.001, compared with resting value. Values are 
mean + 1 standard deviation. Abbreviations as In Table Ill. 
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FIGURE 2. Mean radionuclide volumes and EF data collected during 
` reat and exercise for hormal and CAD patients grouped according to 
whether EF Increased with exercise. 


increase. by 0.05 in 17 patients. Only 2 of 15 patients 
(13%) with a normal EF during exercise had a previous 
myocardial infarction compared with 9 of 17 patients 
(53%) with an abnormal response to exercise (p <0.05), 

. There was no difference in any other clinical variable, 
including propranolol use or the number of diseased 
vessels in either group. Ten of the 15 and 14 of the 17 

. patients in the 2 coronary disease groups were receiving 
propranolol (difference not significant). Mean resting 
heart rate and resting and exercise systolic blood pres- 
sure were similar in the 2 coronary disease groups and 
did not differ significantly from normal. The peak heart 
rate was comparably reduced in both groups (116 + 20 
and 107 + 27, difference not significant), which was 
significantly below the peak heart rate in normals (142 

. + 23, p <0.01). The patients with a 20.05 increase in EF 
included 3 with single-véssel left anterior descending 
disease, 9 with double-vessel disease, and 3 with tri- 
ple-vessel disease. The patients with a <0.05 iricrease 
in EF included 3 with single-vessel left anterior de- 
scending disease, 8 with double-vessel disease, and 6 
with triple-vessel disease. These distributions did not 
differ significantly. 

The mean values for the scan variables of left ven- 
tricular performance in patients with CAD with a 20.05 
increase versus <0.05 increase in EF are shown in Table 
V and illustrated in Figure 2. Patients with an increase 
= 0.05 in EF demonstrated an increase in ejection rate, 
stroke volume, and peak systolic pressure/end-systolic 
volume ratio and a decrease in end-systolic volume 
during exercise. This group differed significantly from 
the normal group only in having a lower peak systolic 
pressure/end-systolic volume ratio during exercise (7.8 
+ 2.7 versus 11.8 + 4.6, p <0.01), and a higher pulmo- 
nary blood volume ratio (1.06 + 0.17 versus 0.99 + 0.13, 
p <0.05). Ejection rate, EF end-diastolic volume, stroke 

_volume, end-systolic volume, and cardiac output did not 
differ significantly from that in the normal group. 

Coronary disease patients with an EF increase <0.05 
were characterized by a significant increase in end- 
diastolic and end-systolic volumes during exercise and 
no change in ejection rate, stroke volume, and the peak 

_ systolic pressure/end-systolic volume ratio. These pa- 
*tients did not differ from normal subjects at rest; how- 


TABLE V Scan Data In CAD Patients With and Without 
20.05 Increase In EF During Exercise 


EF Increase 
20.05 <0.05 
(n = 15) (n = 17) p 

HR (beats/min) 

Rest 67 + 81 66 + 13 
Exercise 116 + 2* 107 + 27* 
Difference +49 + 17 +41 + 22 

SBP (mm Hg) : 

122 + 17 132 + 20 MS 
Exercise 168 + 26° 163 + 17° wars 
Difference +46 + 22° +31 + 19 <0.05 - 
Rest 0.62 + 0.12 0.62 + 0.12 iiss 
Exerclse 0.71 + 0.08t 0.54 + 0.08* <0.01 
Difference +0.09 4+: 0.04 —0.08 +0.08 <0.001 

Ejection rate : 

Rest 18+ 0.4 1940.8 oe 

Exercise 2.4 + 0.8* 1.9 + 0.4 <0.05 

Difference +0.6 + 0.8 0+0.4 <0.01 
EDV (ml/m?) 

Rest 80 + 23 66 + 25 

Exercise 85 + 23 73 + 25* 

itfere +54 15 78 
ESV (mi/m?) : 
30 + 12 26+ 16 

Exercise 23 + 8° 33 4 16° on 

Difference —7 + 12 +7248 <0.001 

Stroke volume (mi/m?) 

Rest 50 + 15 40 + 16 A 
Exercise +62 + 23* 40 + 16 <0.01 
Difference +12 + 12 08 <0.05 
Cardlac output ; ‘ 
(Iiters/min/m*) 

' Rest 3.3 t 1.2 26412 . ... 
Exercise 6.9 + 1.9* 4.4 +2.9* <0.01 
Difference +3.6 4 1.5 +1.64 2.1 Kir 

PSP/ESV ratio 
Rest AGH 1.5 6.6 + 3.3 need 
Exercise 7.8 + 2,71 5.6 + 2.1 base 
Difference +3.24 1.9 —1.0 + 2.89 <0.001 

Pul blood 1.06 + 0.23 -1.21 + 0.45 

volume ratio 


*p <0.01, t p <0.001, compared with anes value. Values are 
mean + 1 standard deviation. Abbreviations as In Table Ill. 


ever, with exercise the heart rate, ejection rate, cardiac 
index, and peak systolic pressure/end-systolic volume 
were lower than in normal subjects (p <0.01) and pul- 
monary blood volume was higher than in normal pa- 
tients (p <0.01). 

Among all coronary disease patients, there was no 
difference in rest or exercise values in patients with and 
without electrocardiographic ischemia during exercise 
except for a‘smaller exercise increase in peak systolic 
pressure/end-systolic volume ratio in ischemic patients 
(+0.3 + 0.8 versus + 2.4 + 0.6, p <0.05). However, when 
patients with and without previous myocardial infarc- 
tion were compared, the 13 patients with previous 
myocardial infarction had (1) a lower rest and exercise 
EF (rest = 0.54 + 0.18 versus 0.67 + 0.08, p <0.05; ex- 
ercise = 0.56 + 0.11 versus 0.66 + 0.12, p <0.05); (2) a 
lower rest and exercise stroke volume (ml/m2) (rest = 
34 + 11 versus 50 + 16, p <0.05; exercise = 39 + 14 
versus 58 + 25, p <0.05); (3) a lower rest and exercise 
cardiac output (liters/min/m2) (rest = 2.4 + 0.7 versus 
3.2 £1.8, p <0.05; exercise = 4.4 + 1.4 versus 6.4 + 3.1, 
p <0.05). 
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FIGURE 3. Comparison of the sensitivities and specifitles of EF, peak 


systolic pressure (PSP\Vend-systolic volume (ESV)) ratlo, and pulmonary 
blood volume (PBV) ratio (see text). 


Sensitivity and specificity: An EF increase during 
exercise of 20.05 had a sensitivity for detecting coronary 
disease of 53% (17 of 32) and a specificity of 62% (13 of 
21). When normal was defined as a peak systolic pres- 
sure/end-systolic volume index increase with exercise 
of 22, the sensitivity was higher than for EF, 66% (21 
of 32) as was the specificity, 81% (17 of 21). However, 
these increases did not reach statistical significance. 
When normal was defined by an exercise/rest pulmo- 
nary blood volume ratio of <1.06, the sensitivity in- 
creased to 78% (25 of 32), p <0.05, and the specificity 
increased to 90% (19 of 21), p <0.01. Using peak systolic 
pressure/end-systolic volume ratio and exercise/rest 
pulmonary blood volume ratio in conjunction with EF 
significantly increased overall sensitivity from 53 to 84% 
(27 of 32), p <0.01, with no change in specificity com- 
pared with EF alone (Fig. 3). 


Discussion 


Cardiologists have long sought a simple yet accurate 
method to noninvasively predict the presence or ab- 
sence of CAD. The development of exercise radionuclide 
angiography has generated hope that such a method 
might be available. However, EF is often the only ob- 
jective parameter of left ventricular function derived 
by many laboratories performing radionuclide ven- 
triculography, and EF can be influenced by cardiac 
loading conditions and heart rate and is not purely re- 
lated to myocardial contractile function.}4-23.24 Opti- 
mally, the EF response to exercise would be abnormal 
in all patients with CAD and normal in patients without 
CAD. However, the present study demonstrates that the 
response of EF to exercise was neither sensitive nor 
specific in differentiating’ patients with and without 
significant CAD. One limitation of the present study is 
the relatively large number of patients receiving pro- 
pranolol. This was not by design but was related to the 
reluctance of most physicians at our institution to dis- 
continue propranolol. Although this may contribute to 

false-positive and false-negative studies,” this group 
of patients is likely to be representative of routine pa- 
tients encountered at many clinical facilities. 

In our study, the sensitivity (63%) was considerably 
lower than previously reported values.1* This may be 
explained in part by the fact that many patients in our 
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group had clinically less severe coronary disease (that 
is, no unstable angina, congestive heart failure, or an- 
eurysms). In addition, most of the coronary patients 
were receiving propranolol which may have “normal- 
ized” the EF during exercise in some patients with 
CAD, 25.26 

Among the coronary disease patients, 1 subset was 
strikingly similar to-normal patients in that EF in- 
creased >0.05 during exercise. These patients did differ 
from normal in having a lower exercise heart rate, peak 
systolic pressure/end-systolic volume ratio, and a higher 
pulmonary blood volume ratio. In addition, fewer pa- 
tients in this group had had a myocardial infarction 
compared to the remainder of the coronary disease 
patients. The latter patients (those with an “abnormal” 
EF response to exercise) with a <0.05 increase in EF 
with exercise, differed from normal in nearly all pa- 
rameters studied, which is consistent with data reported 
in previous studies.17:25-30 

The relatively low specificity (62%) of the 0.05 in- 
crease in EF with exercise in the “normal” population 
also warrants explanation. All of the patients in this 
group underwent coronary angiography to evaluate a 
chest pain syndrome. Such patients may have had dis- 
ease involving the smaller vessels or the substance of the 
myocardium even though abnormalities were not evi- 
dent at rest,°!-83 which might result in a depressed left 
ventricular reserve as evidenced by a lack of increase in 
EF during exercise. Alternatively, this observation may 
be explained by factors other than contractile reserve 
influencing EF in this group of patients, such as age, 
high contractile state of the myocardium at rest, ab- 
normal responsiveness of the peripheral vascular system 
or autonomic nervous system, or both, and altered 
ventricular loading conditions.17.31-3 Some patients in 
this group were receiving propranolol and nitrates, 
which may affect the EF, although the mean EF re- 
sponse was similar in the patients who were not re- 
ceiving these agents. 

Quantitation of end-diastolic volume: Other pa- 
rameters of potential value in detection of exercise- 
induced left ventricular dysfunction can be derived from 
radionuclide cineangiography, and we were interested 
in determining what further pathophysiologic insight 
these might provide. To accomplish this goal, it was 
necessary to measure end-diastolic volume. In our study 
a geometric approach to derivation of end-diastolic 
volume was employed,!%20 although reliable volumes 
may also be obtained using a counts method.3-47.954 Our 
method has several potential limitations when com- 
pared with the “gold standard”: biplane contrast left 
ventriculography. First, for both contrast ventriculog- 
raphy and the blood pool studies, only a single view was 
used. A single-plane volume analysis may provide 
misleading data because coronary disease is known to 
affect left ventricular systolic function regionally, and 
therefore evaluation of the 2 views would be more de- * 
sirable than just a single view.3ë Unfortunately, only a 
single-view contrast ventriculogram during catheter- 
ization and a single-view gated scan during exercise was 
available. Nevertheless, there is ample evidence in the 
literature that a single-plane geometric assessment of * 
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end-diastolic volume using x-ray contrast left ventric- 
ulography is adequate.?}?2 This is because the impact 
of an intervention on end-diastolic volume alone is likely 
° to be global and similar in different projections. Only 
__ changes in systole are likely to be regional. Furthermore, 
_ nearly all methods for radionuclide EF and counts- 
based end-diastolic volume measurements use a single 
` view of the left ventricle. 

The second limitation may be the use of a geometric 
compared with a counts-based method. A previous 
study suggested that reliable data may be derived using 
either method with no significant difference in corre- 
lation coefficients or standard errors of the estimate.*4 
In the previous study, the area-length data were derived 
primarily from analog (Polaroid®) images, whereas our 
data were analyzed using digitized images and a com- 
puter algorithm to determine area and length. One ad- 
vantage of the geometric approach is that assumptions 
about variations in tracer attenuation from activity in 
basal compared with apical portions of the left ventricle 
are avoided.® Once again, geometric assumptions were 
used to derive only end-diastolic volume and not EF. 
End-systolic volume and stroke volume were derived 

_ from EF and end-diastolic volume, and no assumptions 
about the shape or motion of the left ventricle during 
systole were necessary. Furthermore, no patients with 
left ventricular aneurysm were included and all but 4 

` patients had resting EF values >0.50. Therefore, our 
patients were unlikely to have end-diastolic left ven- 
tricular outlines that differed markedly from an ellip- 
soidal shape, which might be source of error using a 
geometric estimate of end-diastolic volume. 

The third potential limitation is that the single view 
used to quantitate end-diastolic volumes was the left 

-~ anterior oblique instead of the more commonly used 
single-plane right anterior oblique view. Although a 
right anterior oblique view should be more desirable 
because more left ventricular wall is exposed,*8 this view 
is not available using equilibrium blood pool imaging 
due to superimposition of right ventricular activity. All 

- exercise equilibrium approaches to derive EF or end- 
diastolic volume utilize the left anterior oblique view 
alone. For these reasons, our approach to end-diastolic 
volume measurement appears reasonable, and its ac- 
curacy and limitations are comparable to those of other 

_ methods.*4 
` Observer variability: In addition to errors inherent 
‘in the methodologic assumptions used to derive the 8 
variables evaluated, inconsistency in data may also 
occur due to observer variability. The present data 
support previous data from this laboratory!® indicating 
that measurement of these variables is complex and has 
considerable intraobserver variability. Furthermore, the 

` observation that intraobserver variance (+2 standard 
deviations) for the change in EF from rest to exercise 
is 0.11 may be partly responsible for some of the ap- 
parent inconsistencies between the EF response to ex- 
ercise and the presence or absence of CAD. The 0.05 
increase in EF with exercise criteria may be within the 
individual error due to observer variability. This 
„probably does not explain the entire inconsistency, 


however, because the other variables (derived in part 
from EF) appeared to have less inconsistency. The ob- 


„server variability leads to difficulties in comparing data 


from different institutions, and therefore the range of 
normal used in this study is unlikely to be useful in pa- 
tients studied elsewhere. However, it is unlikely to 
present a problem in comparing patient groups in this 
study because mean values were employed, thereby 
reducing differences due to individual observer vari- 
ability and allowing statistical comparison of different 


groups. 


Other variables measured during exercise: As 
with EF, variable responses of ejection rate (dV/dt), 
cardiac index, and absolute volumes to exercise did not 
differentiate patients with and without CAD. However, 
2 measurements of global left ventricular function, the 
peak systolic pressure/end-systolic volume ratio re- 
sponse to exercise and pulmonary blood volume (exer- 
cise/rest ratio), were consistently different in patients 
with CAD and normal patients. The pressure/volume 
ratio, a parameter which may be less influenced by 
cardiac loading conditions,!!37-89 showed a smaller 
increase with exercise in patients with coronary heart 
disease. The pulmonary blood volume ratio, a parameter 
which may be related to left ventricular filling pres- 
sure,‘ was greater in patients with CAD than in normal 
patients. The use of these 2 parameters in addition to 
EF significantly increased sensitivity from 53 to 84% 
without worsening specificity. Therefore, these pa- 
rameters appear to be helpful adjuncts to EF in de- 
tecting CAD. Our study confirms other reports which 
indicate that analysis of other aspects of left ventricular 
function besides EF is useful in defining ventricular 
performance. l 

Clinical implications: Although the left ventricular 
EF response to exercise is “abnormal” in many patients 
with CAD, this parameter alone is not a reliable indi- 
cator of coronary disease. Normal patients may not have 
an increase in EF with exercise and some CAD patients 
may have an EF increased by 20.05. Furthermore; in 
the present study no parameter of global left ventricular, 
function invariably detected or excluded CAD. There- 
fore, inferences concerning the presence or absence of 
CAD from rest and exercise global left ventricular 
function parameters should be made with caution. This 
study considered only parameters of global left ven- 
tricular function; previous data have shown that the 
sensitivity and specificity of radionuclide cineangiog- 
raphy as a technique in the evaluation of CAD are 
considerably improved when regional wall motion is also 
analyzed.5!2 Further studies which include regional wall 
motion (not performed in this study) might even indi- 
cate that no additional advantage is gained in terms of 
sensitivity and specificity with the use of these other 
parameters. However, in most clinical settings regional 
wall motion assessment is subjective. This study 
suggests that objective parameters can be derived from 
careful analysis of radionuclide images and are helpful 
in defining cardiac function more precisely, as well as 
in improving the diagnostic yield of the radionuclide 
EF, 
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“Left and Right \ Ventricular Function at Rest and During 
. Bicycle Exercise in the Supine and Sitting Positions in — 
“Normal Subjects and Patients With Coronary Arntory Disease 


Assessment by Radionuclide Ventriculography 


-| DANTE E. MANYARI, MD, FRCP(C) and WILLIAM J. KOSTUK, ` MD, FROP(O), 
With the technical assistance of PAUL P. PURVES, RTNM ~ 


' To assess the hemodynamic Influence of posture 
during radionuclide cardiac studies, rest and exer- 
cise electrocardiographically gated blood pool 


- _ cardiac scintigraphy was performed In the supine 


and sitting positlons In 22 normal subjects and In 20 
‘patients with coronary artery disease (CAD). In 
normal subjects, left ventricular ejection fraction 
` was higher In the sitting position both at rest (67. + 
6% versus 64 + 5%, p <0.01) and during exercise 


(79 + 9% versus 76 + 6%, p <0.05). Left ven- | 


‘tricular end-diastolic volume in the sitting position 
` was smaller.at rest (by.19 + 26%, p <0.001), but 
this variable was similar in both positions during 
_ exercise (p >0.05). Left ventricular end-systolic 
volume was smaller-in the sitting position both at 
rest, by 26 + 31 percent, and during exercise, by 14 
ok 20% (p <0.001). Left ventricular end-diastolic 
volume incroares from rest to’ 9x010; in the sitting 


' Radionuclide ventriculography is being used extensively 
-as a noninvasive method to assess ventricular function 
at rest and during exercise in both the supine and the 


‘sitting positions.17 In normal subjects, left ventricular - 


ejection. fraction increases during bicycle ergometer 
~ exercise. In contrast, ejection fraction fails to increase 


at peak exercise in patients with coronary artery dis- | 


ease.!-7 Although previous studies have determined the 
rest and exercise hemodynamic differences between the 


supine and sitting positions,$-!’ limited information is. - 
_ available regarding comparative scintigraphic studies: 


in the 2 postures.18-20 Furthermore, the few studies 
available thus far report conflicting results. 
This investigation was undertaken to compare left 
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position by 31 + 23% (p <0.001) and in the supine 
position by 6 + 22% (p >0.05). 

In patients with CAD, similar left ventricular 
ejection fractions In both postures were found at rest 
and during exercise. Left ventricular end-diastolic 
volume In the sitting posture was smaller at rest by 
16 + 22% (p <0.01) and during exercise by 8 + 
18% (p <0.05). Sitting left ventricular end-systolic 
volume was smaller by 18 + 20% (p <0.001) at 


-rest and by 14 + 21% (p <0.01) during exercise. 


Left ventricular end-diastolic volume increased from 


_rest to exercise, In the sitting position by 45 + 36% 


(p <0.001) and In the supine position by 32 + 51% 
(p <0.01). Despite significant hemodynamic dif- 
ferences, the value of rest-exercise radionuclide 
cardiac studies to detect CAD was similar in the 2 


- positions. 


. ventricular ejection fraction and volume patterns and 


right ventricular ejection fraction, at rest and during . 
bicycle exercise, in both the supine and sitting postures, 


. in subjects without demonstrable heart disease and in 


patients with angiographic CAD and normal left ven- 
tricular function. The electrocardiographically gated, 
blood pool cardiac scintigraphy, a noninvasive tech-- 
nique useful for serial determinations of quantitative 
Contric ograni; 1-4,19-23 was used. . aSa 


` Methods 
Patient population: Twenty-two normal subjecta included 


-in the first group consisted of 16 men and 6 women aged 19 to 


59 years (mean + standard deviation 44 + 12). Fourteen pa- 
tients had atypical chest pain with normal hemodynamic 
function and coronary artery anatomy at cardiac catheter- 
ization and selective coronary artery cineangiography. No’ 
patient had clinical or electrocardiographic evidence of variant 
angina. The remaining 8 were asymptomatic volunteers. 
without evidence.of cardiac disease. All control subjects had 
normal findings on physical examination, chest X-ray, and 
resting and exercise electrocardiography. None was an athlete . 
or had performed regular exercise training in then recent « or, 


. remote past. 
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FIGURE 1. Exercise protocol. Subjects were often exercised to more 
than 5 stages. There was a rest period of 230 minutes before exercise 
in the first position, and at least a 60-minute rest period before exercise 
In the second position. Acquisition was performed twice at rest In each 
posture Immediately before starting exercise. BP = blood pressure; 
ECG = electrocardlogram. i 


The second group consisted of 20 patients with CAD, as 
defined by at'least a 50% reduction in diameter of 21 major 
coronary arteries. There were 15 men and 5 women aged 30 
to 62 years (mean 47 + 11). All had stable angina pectoris 
without evidence of associated cardiac conditions other than 
coronary heart disease. Patients with a history of acute myo- 
cardial infarction, abnormal Q waves (> 40 ms) on the elec- 
trocardiogram, or abnormal wall motion on contrast left 
ventricular cineangiography were excluded. Likewise, patients 
with valvular heart disease, systemic hypertension, diabetes 
eae or intermittent claudication were excluded from the 
study. i 

All participants were leading a sedentary life, had normal 
sinus rhythm, and on request, manifested their willingness 
to participate. Physical examination, except for the occasional 
patient with an S, gallop, showed nothing abnormal and none 


had clinical, electrocardiographic, radiographic, or echocar- 
diographic evidence of cardiomegaly, cardiac failure, left 


` ventricular hypertrophy, or mitral valve prolapse. 


Cardiac catheterization, biplane left ventricular angiogra- 
phy, and selective coronary cineangiography, using standard ° 
techniques, were carried out within 8 days before the radio- 
nuclide study. All participants had normal left ventricular 
function at rest as determined by an ejection fraction 265% 
on contrast ventriculography or a radionuclide ejection frac- 
tion 255%, or both, and normal wall motion. 

Radionuclide studies: Electrocardiographically gated 
blood pool cardiac imaging was used to assess global and re- 
gional ventricular function and volume changes. Each study 
consisted of 2-minute acquisition in the modified left anterior 
oblique projection that best separated both ventricles and left 
atrium. A conventional Anger type scintillation camera with 
37 photomultiplier tubes equipped with a high-sensitivity 
parallel-hole collimator interfaced to a dedicated medical 
computer system was used. Data were collected in a contin- 
uous electrocardiographic synchronized mode with 16 frames 
spanning the cardiac cycle. With this method, approximately 
180,000 to 220,000 counts per frame were obtained. Acquisi- 
tions were made at rest and during the last 2 minutes of ex- 
ercise at each work load (Fig. 1). 

After retrieval, the raw data underwent 3-point spatial 
smoothing and background subtraction. A rectangular region 
of interest was then placed around the ventricle at end-dias- 
tole, taking special care to define the aortic and mitral valve 
planes and the interventricular septum. The left ventricular 
time activity curve was then generated by an automated 
edge-detection program which defined new left ventricular 
regions of interest for each frame of the composite cardiac 
cycle. From the time-activity curve, left ventricular ejection 
fraction was calculated by standard methods.) Right ven- 
tricular ejection fraction was calculated by similar methods 


. but using manually defined right ventricular regions of in- 


terest at end-diastole and end-aystole.?6 All ejection fraction 
determinations were performed by-a single blinded oper- 
ator. 

Two observers who had no knowledge of the patient’s 


TABLE | Summary of Hemodynamic Data on Normal Subjects and Patients With Coronary Artery Disease in Both Postures: 


Effect of Exercise 


Normal Subjects 


%LV-EDV change 
%LV-ESV change 
Ex D (min) 

Sitting 
HR (beats/min) 80 


%LV-ESV change 
Ex D (min) 





CAD 
Exercise Rest Exercise 
147+ 16 77+9 -128 +21 
191+ 19 119+ 15 176+ 18 
283 + 51 87 + 17 227 + 51 
78.3 + 6 64.148 62.0+ 11 
5.8 + 10 49.146 58.3 +9 
6+ 22 fie 32 +51 
’ —33 + 27 ; 38-+ 50 
0.13.9 7.0 + 2.5 
64 + 15° 74+ 10 141 + 23° 
80 + 20t 116+ 10 170+ 16 ` 
295 + 477 86+ 14 240 + 47t 
78.9 + 9t 64.747 63.6 + 11 
2411 90.3 + 8 61.3410 > 
31+ 23° sae 45 + 36 
—22 + 33t 48 +52 
10.9 + 3.9 7.6 +2.86 





ae <0.001, versus supine; t p <0.05, versus supine; t p = <0.01, versus supine. 


` 


= exercise duration; HR = heart rate; LV-EF = left ventricular ejection fraction; %LV-EDV change = relative left ventricular end-diastolic 
volume change from rest to peak exercise; %LV-ESV change = relative left ventricular end-systolic volume change from rest to peak exercisa; 
RPP = rate-pressure product; RV EF = right ventricular ejection fraction; SBP = systolic blood pressure. 








clinical or angiographic data systematically analyzed regional 
wall motion in 5 segments—high septal, low septal, inferoa- 


Pical, 


posterolateral, and superolateral—by subjective as- 


sessment of the endless-loop movie format and static mode! 
and with the aid of computer manipulation of images in- 
cluding the stroke volume image,™?® the ejection fraction 


image 


7 and the superimposition of the end-diastolic and 


end-systolic isocontours.?” Each segment was classified as 
normal, hypokinetic, akinetic, or dyskinetic (scored 0, 1, 2, and 
3, respectively). The scores of all segments were then added 
to obtain a numerical expression of wall motion for each study; 


this fi 


gure was then averaged to the nearest whole number 


between the 2 observers. In our laboratory, the intra- and in- 
terobserver variability of wall motion interpretation had 
correlation coefficients of 0.97 and 0.92, respectively. Radio- 
nuclide wall motion and left ventricular ejection fraction 
correlated closely with contrast studies.78 An increase in the 
right and left ventricular ejection fraction of =7% and no 
change in wall motion score was considered the normal re- 
sponse to exercise.? Variations in ejection fraction <6% may 
be attributed to physiologic or statistical noise. 

Left ventricular volume changes from rest to exercise were 
determined for end-diastole and end-systole using the same 
background-subtracted regions of interest as those utilized 
to calculate ejection fraction, as follows: Percent volume 


chang 


LVC = 


e = 100 X [(LVC Ex/e-*) — (LVC R)]/LVC R, where 
normalized (that is, corrected for the actual frame time 


and the number of processed cycles) left ventricular end- 
diastolic or end-systolic counts at peak exercise (Ex) or rest 
. (R) (average of the 2 radionuclide studies at rest); and e™>t = 
` general equation for isotope decay where t = absolute time 
difference (in minutes) between the midpoints of rest and 
exercise studies and À = decay constant for technetium-99m. 
A negative value indicates a decrease, whereas a positive one 
indicates an increase in left ventricular volume from rest to 
exercise. There was a high degree of correlation between the 
2 resting values for left ventricular end-diastolic and end- 








‘$8 VENTRICULAR FUNCTION AT REST AND DURING BICYCLE EXERCISE 
TABLE II Group and Individual Values of Left Ventricular Ejectlon Fraction and Wall Motion Scores at Rest and During 
Exercise In Normal Subjects 
Supine Sitting 
Rest Exercise Rest Exercise 
Case EF WMS EF WMS EF WMS EF WMS 
1 63 0 83 0 85 0 84 0 
2 55 0 81 0 64 0 87 0 
3 71 0 88 0 62 0 75 0 
4 73 0 84 0 84 0 92 0 
§ 61 0 76 0 65 0 88 0 
6 64 0 84 0 78 0 86 0 
7 67 0 66 0 64 0 68 1 
8 64 0 84 0 66 0 89 0 
9 74 0 81 0 72 0 90 0 
10 65 0 80 0 71 0 78 0 
11 59 0 71 0 63 0 70 0 
12 68 0 78 0 74 0 82 0 
13 63 0 74 0 69 0 78 0 
14 70 0 68 1 67 0 60 2 
15 56 0 77 0 61 0 73 0 
16 63 0 71 0 58 0 64 0 
17 55 0 73 0 65 0 80 0 
18 60 Q 67 0 55 0 70 0 
19 61 0 -69 0 67 0 78 0 
20 67 0 82 0 76 0 87 0 
21 56 0 70 0 69 0 83 0 
22 64 0 73 0 64 0 78 0 
Mean 63.6 0.00 76.3 0.05 67.1 0.00 78.9 0.14 
SD 5.6 -0.00 8.5 0.21 6.5 0.00 8.8 0.47 
p s he : a a nee . T 





* = p <0.001, versus rest. EF = left ventricular ejection fraction X100; WMS = wall motion score. 


systolic counts, corrected for background and beats processed, 
in the supine (r = 0.96) and sitting (r = 0.93) positions. 

Similarly, left ventricular volume differences between the 
2 postures were calculated for end-diastole and end-systole, 
both at rest and during peak exercise, as follows: sitting/supine 
LVV ratio = 100 x (LVC Sit x ID)/(LVC Sup x ID), where 
LVV = left ventricular end-diastolic or end-systolic volume; 
LVC = normalized left ventricular end-diastolic or end-sys- 
tolic counts at rest or at peak exercise in the sitting (Sit) or 
supine (Sup) position; ID = correction for isotope decay (ID 
= 1 for the study performed in the second position and ID = 
et for the study carried out in the initial position, where t 
= time [in minutes] between corresponding studies in the 
supine and sitting positions). An LVV ratio value <100% 
implies a greater volume supine. 

Actual volumes are not measured by this count-derived 
technique, but because photon attenuation factors such as 
body build remain constant for each person, relative changes 
in ventricular volumes produced by exercise and by changes 
in body position can be compared for each subject. This 
technique, which has the inherent advantage of making no 
geometric assumptions about left ventricular shape, has been 
used to measure left ventricular volume responses to inter- 
ventions such as exercise, nitroglycerin administration, and 
atrial and ventricular pacing.1®-23 

Study design: Before the investigation was begun, the 
administration of beta-blocking agents and oral nitrates was 
discontinued for at least 72 and 24 hours, respectively, in pa- 
tients receiving these medications. None took sublingual 
glyceryl trinitrate in the last 6 hours before or during the 
study. 

Studies were carried out at rest and during bicycle exercise 
in both the supine and the sitting positions, following the 
protocol depicted in Figure 1. A rest period of 30 minutes 
preceded the first radionuclide acquisition, and a 60 minute 
rest period was interspaced between the 2 exercise tests. The 
order of the position was alternated in consecutive subjects, 
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TABLE Ill Group and Individual Values of Left Ventricular Ejection Fraction and Wall Motlon Scores at Rest and During 
Exercise In Patients With CAD 
Supine Sitting 
Rest Exercise Rest Exercise 
Patient EF WMS EF WMS ECG “EF WMS EF WMS ECG 
1-Vessel Disease 
1 74 0 80 1 - 77 0 78 2 ~ 
2 56 0 65 2 = 66 0 79 0 =s 
3 77 0 73 5 + 67 0 69 4 + 
4 55 0 62 0 aa 59 0 68 0 - 
5 70 0 72 3 = 61 0 57 4 + 
6 82 0 74 4 + 85 0 86 2 = 
7 64 0 58 2 + 64 0 59 4 + 
2-Vessel Disease 
8 57 0 54 4 + 58 0 58 3 + 
9 59 0 61 3 = 56 0 63 0 _ 
10 58 0 46 6 + 57 0 45 7 + 
11 60 0 72 0 = 70 0 76 2 m 
12 64 0 68 2 = 66 0 66 1 a 
13 75 0 55 4 + 66 0 68 5 + 
3-Vessel Disease 
14 56 0 44 5 + 59 6 61 3 + 
15 61 0 50 3 + 64 0 46 5 + 
16 66 0 67 1. = 57 0 59 1 > 
17 58 0 53 . 4 = 59 0 52 2 + 
18 65 0 71 2 = 68 0 70 6 = 
19 65 0 69 1 = 64 0 66 2 = 
20 62 0 48 6 + 71 0 46 8 + 
Mean 64.1 0.00 62.0 2.90 RM ` 64.7 0.00 63.6 3.08 Pe 
SD 7.8 0.00 10.6 1.83 7.3 0.00 11.3 2.31 i 
p : seat D d : : ` 
* = p <0.001, versus rest. ECG = electocardiogram; EF = left ventricular ejection fraction X100; WMS = wall motion score; + = Ischemic; 


— = nonischemic. 


so that one half the control subjects and one half the patients 
with CAD exercised first in the supine position, the other half 
exercised first in the sitting position. During supine exercise, 
the ergometer was positioned at the foot of a horizontal table, 
the axle being 34 cm (13.4 inches) above the table. All par- 
ticipants were exercised to maximal capacity, that is, angina 
or exhaustion. Symptoms, cuff-blood pressure, and a 9-lead 
electrocardiogram (standard, limb, and precordial V, and 
modified Vs and Vg leads) were recorded throughout the in- 
vestigation, 

Statistical analysis: Al] reat values in a given subject were 
defined as the average of the 2 resting radionuclide studies. 
Ejection fraction, heart rate, and blood pressure changes were 
analyzed by 2-way analysis of variance followed by the Tuckey 
test when appropriate. Student’s ¢ test for paired data was 
used to compare results, including volume changes induced 
by exercise, in the supine and sitting positions. To compare 
the data at a given stage between the 2 groups, the unpaired 
student’s t test was utilized. To determine the statistical sig- 
nificance of sitting to supine left ventricular volume ratio, 
group values were analyzed with a 2-sided 1-sample t test, 
where the hypothetical mean equals 100. Results are given as 
mean + standard deviation. 


Results 


Normal subjects: In no subject in this group did 
angina or an abnormal electrocardiogram develop 
during or after exercise. At rest, there were no signifi- 
cant differences in heart rate, rate-pressure product, 
right ventricular ejection fraction, or systolic blood 
pressure between the 2 postures although the first 3 


variables were somewhat higher in the sitting position; 
however, mean left ventricular éjection fraction was 
significantly higher in the sitting position (Table I). On 
exercise in the sitting position, heart rate, rate-pressure 
product, and left ventricular ejection fraction were 
significantly higher and systolic blood pressure lower 
than in the supine position. The difference of right 
ventricular ejection fraction between the 2 postures did 
not reach statistical significance. 

For both postures there was a significant increase, 
from rest to peak exercise, in mean heart rate, systolic 
blood pressure, rate-pressure product, and right and left 
ventricular ejection fraction (p <0.001). All subjects but 
1 in each position had an increase in right ventricular 
ejection fraction of =7%.: 

Individual and group left ventricular ction frac- 
tions and segmental wall motion scores are shown in 
Table H. The mean ejection fraction increased on ex- 
ercise by 12.7% (+7.0) in the supine position, with 20 of 
the 22 subjects having an increase of 27%. In the sitting 
position, ejection fraction increased during exercise by 
a mean of 11.8% (+7.2), with 19 subjects having an in- 
crease of 27%. In 21 subjects the left ventricular ejection 
fraction response to exercise was concordant in the 2 
postures. As per our protocol, all subjects had normal 
wall motion scores at rest, and in no individual did wall 
motion score change with body position. During exercise 
1 subject supine and 2 sitting had abnormal segmental 
wall motion scores, concordance being present in 21° 
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When ejection fraction plus wall motion scores were 
taken into consideration, discordant results were 
present in only 1 of the 22 subjects with 2 classified as 
“abnormal” in the supine (1 man and 1 woman) and 3 
in the sitting position (1 man and 2 women), 

_ The mean exercise duration was longer by 0.8 minutes 
in the sitting position, but this difference was not sta- 
tistically significant. 

Patients with CAD: ‘Coronary cineangiography 
demonstrated single-vessel disease in 7, 2-vessel disease 
in 6, and 3-vessel disease in 7 patients. Angina devel- 


oped at peak exercise in 13 patients in the supine and 


in 11 patients in the upright position. Nine patients in 
the supine and 10 in the upright position had abnormal 
S-T segment depression at peak exercise (Table III). 
At rest, there were no significant differences in mean 
heart rate, systolic blood pressure, rate-pressure prod- 
uct, or right and left ventricular ejection fraction be- 
tween the 2 postures (Table I). In both positions, mean 
heart rate, systolic blood pressure, rate-pressure prod- 
uct, and right ventricular ejection fraction increased (p 
<0.001) from rest to peak exercise whereas left ven- 


' tricular ejection fraction did not. Twelve patients in the 


supine and 13 in the upright posture had an increase in 
the right ventricular ejection fraction by 27%, concor- 
dance being present in 17 patients. During exercise, 
mean heart rate and rate-pressure product were higher 
in the sitting than in the supine position. Postural dif- 
ferences in exercise systolic.blood pressure and exercise 
right ventricular ejection fraction did not reach statis- 
tical significance (Table I). 

Individual and group left ventricular ejection fraction 
and segmental wall motion scores are presented in Table 
IN. The mean ejection fraction decreased by 2.1% (+48.7) 
in the supine position, with 17 of the 20 patients failing 
to have an increase of >7%, whereas in the sitting po- 
sition, ejection fraction decreased by a mean of 1.1% 
(+8.9), with 17 patients failing to have an increase of. 
=7%. In 18 patients, left ventricular ejection fraction 


‘response to exercise was concordant in the 2 postures. 


Mean wall motion scores were similar in both positions 
at rest and during exercise, with 17 patients showing 
concordant results. When both ejection fraction plus 
wall motion scores were taken into consideration, con- 
cordance was present in 17 of the 20 patients, with 2 
classified as “normal” in the supine and 3 in the sitting 
position. l 


TABLE IV Prediction of the Extent of CAD by 
Radionuclide Exercise Studies 





Coronary Arteriography 
Radionuclide No Disease SVD MVD 
Studies (14) (7) (13) 
Supine 
i No dise 13 1 1 
SVD ` 1 3 4 
MVD 0 3 8 
Sitting 
Nod 12 2 1 
SVD 2 5 
MVD 0 3 7 





MVD = multiple-vessel disease; SVD = single-vessel disease. 
— @ 3 


Mean exercise duration was 0.6 minutės longer in the 
sitting posture, but this difference did not reach sta- 
tistical significance (Table I). However, exercise dura- 
tion computed for all 42 participants was 8.6 minutes 
(3.6) in the supine and 9.4 minutes (+3.6) in the sitting 
position, the difference being significant at the 1% 
level. 

Details regarding the prediction of the extent of CAD 
are shown in Table IV in the 34 patients who underwent 
invasive studies. A correct prediction was made in 24 
patients during supine radionuclide studies and in 21 
during studies in the sitting position. The presence or 
absence of CAD was correctly predicted in 31 patients: 
in the supine and in 29 patients in the sitting posi- 
tion. 

Relative left ventricular volume changes during 
exercise: In normal subjects exercise-induced changes 
in left ventricular end-diastolic and end-systolic vol- 
umes were significantly different in the 2 postures 
(Table I). End-diastolic volume increased by 6% in the 
supine and by'31% in the sitting position, but only in the 
latter was this increase statistically significant (p 
<0.001). End-systolic volume decreased in both pos- 
tures (p <0.001). In patients with CAD (Table I), ex- 
ercise produced a significant increase (p <0.001) in left 
ventricular end-diastolic and end-systolic volumes in 
the 2 positions. 

Relative volume differences between the 2 posi- 
tions: Left ventricular end-diastolic volume (Table V) 
was smaller in the sitting posture at rest in both normal 
subjects and patients with CAD. During peak exercise, 
patients with CAD had a smaller end-diastolic volume 
in the sitting position, whereas normal subjects showed 
similar end-diastolic volumes in the 2 positions. Left 
ventricular end-systolic volume (Table V) was signifi- 
cantly smaller in the sitting position i in both groups at 
rest as well as during peak exercise. 


Discussion 


Blood pool cardiac scintigraphy at rest and oe 
exercise was carried out in both the supine and the sit- 
ting positions in normal subjects and in patients with 
CAD. The results indicated that (1) the usefulness of 
rest-exercise radionuclide studies in detecting subjects 
with CAD is similar in both postures; (2) in patients with 
CAD left ventricular end-diastolic volume increased 
from rest to exercise in both positions; (3) in normal 
subjects left ventricular end-diastolic volume increased 
from rest to exercise in the sitting but not in the supine 


TABLE V Relative Volume Differences Between the 2 __ 
Positions 


Sit/Sup LVEDV Ratio X100 — Sit/Sup LVESV Ratio X100 





Normal. 


Normal 

Subjects CAD Subjects CAD 
Rest 81+ 26° 84 + 22t 744 31° 82 + 20° 
Ex 97+ 17 92 + 18t 86 + 20° 868 21t . 


* = p <0.001; t = p <0.01; t = p <0.05. ; 

Ex = peak exercise; LVEDV = left ventricular end-diastolic volume; 
HESY = left ventricular end-systolic volume; Sit = sitting; Sup = 
supine. 


posture; (4) at rest, sitting left ventricular end-diastolic 
and end-systolic volumes were smaller than those su- 
pine in both groups; and (5) during exercise, sitting left 
ventricular end-systolic volume in both groups and 
sitting end-diastolic volume in patients with CAD were 
smaller than those supine, whereas end-diastolic vol- 
umes in normal subjects were similar in the 2 pos- 
tures. 

Effect of posture on left ventricular function: In 


normal subjects, the higher sitting left ventricular | 


ejection fraction at rest and during exercise found in the 
present study may represent an increased contractile 
state (relative to that in the supine position) to com- 


pensate for the smaller sitting left ventricular end- - 


diastolic volume. We thus concur with Poliner et al,18 
who suggested that changes in myocardial contractility 
are of greater relative importance in the upright than 
in the supine position. Our results are at variance with 
those of Freeman et al, who reported that exercise left 


ventricular ejection fraction was similar in the 2 posi- ` 


tions. Because the methods used were similar, this dis- 
crepancy may be attributable to different study popu- 
lations. 

Previous reports® have suggested that “abnormal” 
left ventricular function response to exercise may be 
found more frequently in normal women than in normal 
men. It is thus of interest that 2 of the 3 “abnormal” 
responses in our group of normal subjects were in 
women. However, because of the small number of 
subjects tested, no statistically valid conclusions re- 
garding sex differences can be drawn from our data. 

In patients with CAD, left ventricular ejection frac- 
tion and segmental wall motion score, at rest and during 
exercise, were similar in both positions. Therefore, for 


diagnostic purposes, upright and supine rest-exercise — 


radionuclide ventriculography were equally effective 
in detecting subjects with CAD and in predicting its 
extent. These findings agree with those reported by 
Freeman et al.2° Despite this generalization, individual 
variations of more than 6% between left ventricular 
ejection fraction in 1 position and the other do occur 
(Tables IT and IIJ), which suggest that during longitu- 
dinal follow-up radionuclide studies only 1 position 
should be used throughout. 

Patients with electrocardiographic signs of myocar- 


dial ischemia during exercise more often developed an. 
abnormal left ventricular function response, whereas . 


all patients with “normal” ejection fraction and wall 
motion response to exercise showed no electrocardio- 
graphic signs of myocardial ischemia (Table III). These 
observations are in keeping with previous reports.5® 
Effect of posture on left ventricular volume: Two 
major physiologic effects of changes in body position are 
‘alterations in systemic venous return and in the sym- 
pathetic-parasympathetic predominancy.”” A greater 
effect of posture on left ventricular volume at rest than 
- during exercise is therefore expected because both ve- 
nous return and sympathetic tone are markedly en- 
hanced by muscular exercise itself,*®9 regardless of 
body position. Indeed, our results and those of previous 
studies®!8 showed that resting end-diastolic volume in 
both groups was lower in the sitting ane in the supine 
position. 
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The smaller sitting left wentriculas end-diastolic 
volume during exercise in patients with CAD may allow 
them to achieve a higher rate-pressure product in this 
position. Thus, at peak exercise patients with CAD 


_achieved a similar level of left ventricular stress in the 


2 positions. Freeman et al?° did not compare rest or 
exercise left ventricular volumes in the 2 postures, but 
indirect observations led them to postulate a similar 
hypothesis. Thadani et al? found that left ventricular 
end-diastolic pressure during exercise-induced myo- 
cardial ischemia was lower in the upright than in the 
supine position, and attributed their findings to a rel- 
atively lower sitting left ventricular end-diastolic vol- 
ume. Our results confirm their assumptions. 

The sitting/supine left ventricular end-systolic vol- 
ume ratio at rest was smaller in normal subjects than in 
patients with CAD despite similar sitting/supine end- 
diastolic volume ratios. These observations suggest that 
an increased contractility as a response to the dimin- 
ished venous return in the sitting posture is present only 
in normal subjects and not in patients with CAD. This 
inability to increase myocardial contractility may be 
secondary to their limited oxygen supply, although an 
altered sympathetic-parasympathetic response cannot 
be discarded. . 

Effect of exercise on left ventricular volume: 
End-diastolic volume in normal subjects did not change 
significantly from rest to exercise in the supine position, 
but it increased when they exercised in the sitting po- 
sition. These results reflect a lack of utilization of the 
Frank-Starling mechanism during exercise in the supine 
position and the use of this mechanism during upright 
exercise. Our observations further support the remarks 
made by Parker and Case? who, based on invasive 
studies, concluded that normal subjects do not make use 
of the Frank-Starling mechanism when exercising in the 
supine posture. These findings are in keeping with some 
previous studies®!1,20,21,30-32 hut not with others.418 In 
patients with CAD, end-diastolic volume increased from 
rest, to exercise in both positions, implying that the 
Frank-Starling mechanism was operational in the 2 


postures. Similar findings were reported by some*2.21 - 


but not by other?! investigators. 

It is difficult to reconcile the disparate reported re- 
sults regarding exercise-induced ventricular volume 
changes. Different study populations or leg position may 
in part account for them. The level of physical condi- 


` tioning, age, or other factors®**6 may render physio- 


logically heterogeneous a group of seemingly homoge- 
neous individuals. Weiss et al?” showed that normal 
subjects have an increase in left ventricular end-dia- 
stolic diameter from rest to exercise in the semisupine 
position. They attributed those findings to the higher 


intensity of exertion attained by their participants, but - 


body position may have been the most important factor. 
In our study the legs were elevated relative to the chest. 
Poliner et al!8 and Slutsky et al,°! whose findings were 
not entirely concordant with ours, did not specify the 
position of the legs during supine studies. 

Finally, despite these generalizations, the effects of 
both posture and exercise over left ventricular end- 


diastolic and end-systolic volumes cannot be predicted.: 
in the individual subject. Some participants showed no 
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changes or changes in the opposite direction to those 

given by the group mean. These observations are not 

surprising. During invasive studies Thadani et al®.10.16 

e. and others®?42 made similar observations and described 
marked individual variations in left.ventricular end- 

' diastolic pressure, stroke index, and stroke work index 
during exercise. Left ventricular end-diastolic pressure 
changes may-possibly correlate with changes in left 
ventricular end-diastolic volume. Further studies 
combining invasive and radionuclide methods will be 
needed to assess this possibility: 

Implications: Despite significant differences be- 
tween the hemodynamic responses at rest and during 
exercise in the sitting and supine positions, the useful- 
ness of rest-exercise radionuclide studies in detecting 


subjects with CAD is similar in both postures. Our re- | 


. sults suggest that during longitudinal studies, absolute 
values of quantitative radionuclide ventriculography 
in 1 position should not be compared with those in the 
other position either at rest or during peak exercise.in 
the individual patient. In patients with CAD, estimated 
variables of myocardial oxygen consumption at peak 
exercise indicate similar metabolic demands in both 
postures, with the heart rate being higher in the sitting 
position and the end-diastolic volume being higher in 
the supine position. Finally, our data support the 
proposition that during supine exercise normal subjects 
do not use the Frank-Starling mechanism, whereas this 
mechanism is evident in patients with CAD during su- 
pine exercise and in both groups during upright exer- 
cise. - 
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Another dimension 
ofmanagement _ 
beyond the scope of © 
beta-blockers _ 


Highly effective in double-blind, 
multicenter studies 
Patients completing 6 months of therapy 


Wytensin® (guanabenz acetate) n= 40 
propranolol n= 46 


Important homeostatic 
advantages 
Wytensin propranolol 





potassium, 0 0o eal 








Responders 








Non-responders 


-Wytensin® lacks the risks of beta- 
blockade. 
 Wytensin® is less problematic than beta- 
blockers, which are contraindicated in 
many patients and must be used with cau- 
-tion in many others. For instance, exercise 
intolerance, nightmares, and memory fail- 
‘ure can be problems with beta-blockers, 
_ and in many black and/or elderly patients, 
beta-blockade is ineffective. 
Wytensin® side effects are usually 
-mild and transient. 
The subjective complaints of drowsiness 
_ and dry mouth were the most frequently 
_ noted side effects and usually diminished 
` or disappeared over time. During initial 
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peripheral resistance <0 4 





exercise tolerance te 





plasma catecholamines 4 





therapy, patients should be cautioned _ 
against driving automobiles or operating 
dangerous machinery. 

Wytensin® can be used in a broader » 
spectrum of hypertensives. 

In contrast to beta-blockers, Wytensin 
has no contraindications except hypersen- 
sitivity and is effective regardless of the 
aging process or racial factors. And, un- ` 
like beta-blockers, Wytensin causes a 
slight decrease in serum cholesterol and 
maintains potassium balance. Moreover, 
Wytensin does not cause clinically signifi- 
cant bradycardia or decreased cardiac 
output. There is no stimulation of vaso-. 
pressor mechanisms. 
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pane ere) 





In clinical trials to date: 


no contraindications except hypersensitivity no masking of hypoglycemia 

no decrease in cardiac output no weight gain 

no increase in peripheral resistance no memory loss 

no decrease in glomerular filtration rate no increase in serum Cholesterol 

no decrease in exercise tolerance no increase in plasma catecholamine: 
no hyperkalemia 





Another dimension 
of management 
beyond the scope of 
diuretics 


Highly effective in double-blind, 
multicenter studies 


Patients completing 6 months of therapy 
Wytensin (guanabenz acetate) n= 33 
HCTZ (hydrochlorothiazide) n= 41 


Important homeostatic 
advantages 





potassium 











Wytensin® did not induce long-term 
cardiovascular risk factors.} 

Unlike diuretics, Wytensin can be used 
over the long-term without inducing ath- 
erogenic potential risk factors such as 
hyperlipidemia and hyperglycemia or ar- 
rhythmic risk factors such as hypokalemia. 
With Wytensin therapy a small decrease in 
heart rate and weight has been observed. 
Wytensin® side effects are usually 
mild and transient. 

Although dry mouth and/or drowsiness 
were the most frequently noted side 
effects, these subjective complaints usu- 
ally diminished or disappeared over time. 
Only 9% of patients discontinued therapy. 
due to drowsiness or dry mouth. 

About one third of patients who started 





Sec important information on last page. 


Wyfensin. 


(guanabenz acetate ) 
4 mg bid. 








serum cholesterol 





chloride 





uric acid 





calcium 





BUN 


Wytensin therapy with 8 mg twice daily 
experienced these side effects, but start- 
ing with 4 mg b.id—the recommended 
Starting dose—reduced both the inci- 


_dence of these side effects and the con- 


sequent dropout rate. In all studies to date, 
discontinuance of therapy for all side `. 
effects occurred in about 15% of patients. 
Wytensin® may lower the price the 
patient pays for therapy. 

Because Wytensin did not induce elec- 
trolyte and metabolic imbalance, it may 
Save patients trouble and money. A Wytensin 
prescription reduces the need for fre- 
quent laboratory testing as well as for K- 
sparing agents or K supplements and 
other agents that frequently cost more 
than diuretics alone. 











In clinical trials to date: 


no sodium retention 


no weight gain 


no decrease in GFR 


no immunological disturbances 
“no liver damage 
. no hemolytic anemia 





Another dimension 
of management 
beyond the scope of 
methyldopa 


Highly effective in double-blind, 
multicenter studies 


Patients completing 6 months of therapy 
Wytensin (guanabenz acetate) n=78 
methyldopa n=89 


Important homeostatic 
advantages 


Wytensin methyldopa 





sodium excretion = 





Responders 
Wytensin 
75% 





Non-responders 
i Wytensin 
25% 
] methyldopa 
1 37% 


Wytensin® does not produce sodium 
retention or volume expansion. 
Methyldopa causes sodium retention and 
volume expansion with consequent de- 
velopment of drug tolerance. In contrast, 
drug tolerance has not developed with 


Wytensin probably because it does not in- 


duce retention of sodium and body fluid. 
Wytensin® is virtually free of serious 
adverse reactions. 

Unlike methyldopa, Wytensin does not 
produce immunological blood or liver 


sa 

Wylensin 

( guanabenz acetate ) 
4 mg bid. 


See important Information on last page. 
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toxicity or produċe a positive Coombs 
test. Wytensin also lacks the relatively 
high incidence of sexual dysfunction or 
mental depression seen with methyldopa. 
Wytensin® side effects are often 
transient or avoidable. 

Patients may experience drowsiness and 
dry mouth early during Wytensin therapy, 
but these effects are mostly mild, espe- 
cially when the initial dosage is 4 mg b.id., 
with the second dose administered h.s. 





` 





Wytensin (guanabenz acetate), an antihyper- 
tensive agent for oral administration, isan 
aminoguanidine derivative, 2,6-dichloroben- 
zylidencaminoguanidine acetate, and its 
structural formula is: 


H 
a H | 


= ee + CHCOOH 
NH, 


It is an odosiesa, white to off-white, crystalline 
substance, sparingly soluble in water and solu- 
ble in alcohol, with a molecular weight of 
291.14. Each tablet of Wytensin is equivalent to 
4 mg or 8 mg of free guanabenz base. 
Wytensin is available as 4 or 8 mg tablets for 
oral administration. 
Clinical Pharmacology 
Wytensin is an orally active central alpha-2 
adrenergic agonist. Its antihypertenstve action 
appears to be mediated via stimulation of 
central alpha adrenergic receptors, resulting in 
a decrease of outflow from the 
brain at the bu level to the peripheral 
circulatory system. 
PHARMACOKINETICS 
In human studies, abont 75% of an orally 
administered dose of Wytensin is absorbed and 
metabolized with less than 1% of unchanged 

recovered from the urine. Peak plasma 
concentrations of unchanged drug occur be- 
tween two and five bours after a single oral 
ni The avezage hait fe for Wytensia i 

c site or sites of metabolism 

of Wytensin and the consequences of renal or 
hepatic on excretion of Wytensin 
or its metabolites have not been determined. 
The effect of meals on the absorption of 
Wytensin has not been studied. 


PHARMACODYNAMICS 
The onset of the an action of 
Wytensin begins within 60 minutes after a 

e oral dose and reaches a peak effect 
wi two to four hours. The effect of an acute 
single dose is reduced appreciably six to eight 
hours after administration, and blood pressure 
approaches beseline values within 12 hours of 
administration. 


The acute antihypertensive effect of Wytensin 
occurs without major changes in peripheral 
resistance, but its chronic effect appears to be 
a decrease in peripheral resistance. A decrease 
in blood pressure is seen in both the supine 
and standing positions without alterations of 
normal postural mechanisms, so that postural 
hypotension has not been observed. Wytensin 
decreases pulse rate by about 5 beats per 
minute. Cardiac output and left ventricular 
ejection fraction are unchanged during long- 
term therapy. 

With effective control of blood pressure in 
hypertensive patients, Wytensin has not dem- 
onstrated any significant effect on glomerular 
filtration rate, renal blood flow renal sodium or 
potassium excretion, renal concentrating abil- e 
ity, body fluid volume, or body weight. In 
clinical trials of six to thirty months, hyperten- 
sive patients whose blood pressure was 
controlied with Wytensin lost onc tofour 
pounds of body weight. The mechanism of this 
weight loss has not been established Tolerance 
to the antihypertensive effect of Wytensin has 
not been observed. 


During long-term administration of W' 
fice Ws gual derase i perut chaleterai 


K E Nilensin 


(guanabenz aS) 
4mgbi. 


More than 1,400 patients evaluated 
No sodium retention 
No electrolyte or metabolic risk factors 
A favorable therapeutic index 
Convenient, compliance-enhancing b.i.d. dosage 
No contraindications except hypersensitivity 


and total triglycerides without any change in 
the high-density lipoprotein fraction. Plasma 


droxylase, 

decreased during chronic administration of 
Wytensin. No changes in serum electrolytes, 
uric ack, blood-urea nitrogen, calcium, or 
glucose have been observed. 

Wytensin and hydrochlorothiazide have been 
shown to have at least additive effects 
in patients not responding adequately to either 
drug alone. 


Indications and Usage 

Wytensin ts indicated in the treatment.of hy- 
pertension. It may be employed alone or in 
combination with a thiazide diuretic. 


Contraindication 
Wytensin ts contraindicated in patients with a 
known sensitivity to the drug. 


Precautions 

1. Sedation: Wytensin causes sedation or drow- 
siness in a large fraction of patients. When 
Wytensin ls used with centrally active depres- 
sants, such as phenothiazines, barbiturates, and 
benzodiazepines, the potential for additive 
sedative effects shoukl be considered. 


2. Patients with vascular insufficiency: 
Wytensh, like other antlhypertenstve agents, 
should be used with caution tn patients with 
severe coronary insufficiency, recent myocar- 
dial infarction, cerebrovascular disease, or 
severe hepatic or renal failure. 


3. Rebound: Sudden cessation of therapy with 
central alpha like Wytensin may rarely 
result in“ t" hypertension and more 
commonly produces an Increase in serum cat- 
echolamines and subjective symptomatology 


INFORMATION FOR PATIENTS 

Patients who receive, Wytensin should be ad- 
vised to exercise caution when operating 
dangerous machinery or motor vehi- 
cles until it is determined that they do not 
become drowsy or dizzy from the medication. 
Patients should be warned that their tolerance 
for alcohol and other CNS depressants may be 
diminished. Patients should be advised not to 
discontinue therapy abruptly. 

LABORATORY TESTS 

In clinical trials, no clinically t labora- 
tary test abnormalities were identified during 
either acute or chronic therapy with Wytensin. 
Tests carried out tocluded CBC, urinalysis, 
electrolytes, SGOF, bilirubin, alkaline phos- 
phatase, uric acid, BUN, creatinine, glucose, 
calcium, phosphorus, total protein, and 
Coombs test. During long-term administration 
of Wytensin, there was a small decrease in 
serum cholesterol and total triglycerides with- 
out any change in the high-density roten 
fraction. In rare instances an non- 
progressive increase in liver enzymes has been 
Observed, However, no clinical evidence of 
hepatic disease has been found. 


DRUG INTERACTIONS 

Wytensin bas not been demonstrated to cause 
any drug interactions when administered with 
other drugs, such as digitalis, diuretics, aral- 
gesics, anxbolytics, and antiinflammatory or 
antilafective agenta, in clinical trials. However, 
the potential for increased sedation when 
Wytensio is administered concomitantly with 
CNS depressant drugs should be noted. 


DRUG/LABORATORY TEST INTERACTIONS 
No laboratory test abnormalities were identi- 
fled with the use of Wytensin. 


CARCINOGENESIS, MUTAGENESIS, 
IMPAIRMENT OF FERTILITY 

No evidence of carcinogenic potential emer 
ged in cats during a two-year oral study with 
Wytensia at doses up to 9.5 mg/kg/day, Len 
about 10 times the maximum recommended 
human dose. In the Salmonella microsome 
mutagenicity (Ames) test system, Wytensin at 
200-500 meg per plate or at 30-50 mcg/mlin 
suspension gave dose-related increases in the 
number of mutants in one (TA 1537) of five 


Salmonella typhimurium strains with or 
without inclusion of rat liver microsomes. No 
noutagenic‘activity was seen at doses up to 
those which Inhibit growth in the cukaryotic 
microorganism, Scbfrosaccharoniyces pombe, 
of in Chinese hamster ovary cells at doses up 
to those which were lethal to the cells in 
culture. In another eukaryotic system, Sac- 
charomyces cerevisiae, Wytensin produced no 
activity in an assay measuring induction of 
tepatrable DNA damage. Reproductive studies 
showed a decreased p: rate in rats 

i doses (9.6 mg/kg of 
Wytensin, suggesting an ent of fertility. 
The fertility of treated males (9.6 mg/kg) may 
also bave been affected, as suggested by the 
decreased rate of their mates, cven 
though the femaics received Wytensin only 
during the last third of pregnancy. 
PREGNANCY 
Pregnancy Category C 
WYTENSIN MAY HAVE ADVERSE EFFECTS ON 
THE FETUS WHEN ADMINISTERED TO PREG- 
NANT WOMEN. A teratology study in mice has 
tadicated a possible increase in skeletal abnor- 
malities when Wytensin is given orally at doses 
of 3 to 6 times the maximum recommended 
buman dose of 1.0 mg/kg. These abnormalities, 
principality costal and vertebral, were not 
noted in similar studies in rats and rabbits. 
However, incres” td fetal boss has been ob- 
served after oral Wytensin administration to 
pregnant rats (14 mg/kg) and rabbits (20 
mg/kg). Reproductive studies of Wytensin in 
rats have shown slightly decreased live-birth 
indices, decreased survival rate, and de- 
creased pup body welght at oral doses of 6.4 
ami 9.6 mg/kg. There are no adequate, well-- 
controlled studies in pregnant women. 
Wytensin should be used during pregnancy' 
only if the potential benefit fustifies the poten- 
tial risk to the fetus. 
NURSING MOTHERS 
Because no information Js available on the 
excretion of Wytensin in human milk, itshould 
not be administered to nursing mothers, 
PEDIATRIC USE 
The safety and effectivencss eee 
children less than 12 of age notbeen 
demonstrated, ‘ore, its use in this age 
group cannot be recommended at this time. 


Adverse Reactions 

The incidence of adverse effects has been 
ascertained from controlled clinical studies 
conducted in the United States and is based on 
data from 859 patients who received Wytensin 
for up to 3 years, There is some evidence that 
the side effects are dose-related. 


The following table shows the incidence of 
adverse effects occurring in at least 5% of 


paticots in a study comparing Wytensin to 
placebo, at a starting dose of 8 mg bi.d. 


Adverse Effect Placebo (%) Wytensin (% ) 
n= 102 n = 109 


Dry mouth 7 28 
Drowsiness or 

sedation 12 39 
Dizziness 7 17 
Weakness 7 10 
Headache 6 5 


in other controlled clinical trials at the starting 
dose of 16 mg/day in 476 patients, the inci- 
dence of dry mouth was slightly higher (38% ) 
and that of dizziness was slightly lower (12% }, 
but the incidence of the most frequent adverse 
effects was similar to the placebo-controlied 
trial. Although these side effects were not 
serious, they led to discontinuation of treat- 
ment about 15% of the time, In more recent 
studies using an initial dose of 8 mg/day in274 
patients, the incidence of drowsiness or seda- 
tion was lower, about 20%. 


Other adverse effects were reported during 
clinical trials with Wytensin but are not clearly 
distinguishabic from placebo effects and oc- 


curred with a frequency of 3% or less: 


discomfort. 

Central nervous system—anxiety, ataxia, de- 
pression, sleep disturbances. 

ENT disorders—nasal co: 

Eye disorders—blurring of vision. 
Musculoskeletal—aches in extremities, muscie 


Overdosage 

Accidental Ingestion of Wytensin caused hypo- 
tension, somnolence, lethargy, irritability, 
miosis, and bradycardia in two children 

one and three years. Gastric lavage and 
ee ee a 
activated charcoal resulted in complete and 
uneventful recovery within 12 hours in both 
patients, ` 

Since experience with accidental overdosage 
is limited, the suggested treatment is mainly 
supportive while the drug is being climinated 
from the body and until the patient is no 
longer Saat ener Vital signs and fluid bal- 
ance should be carefully monitored. An 
adequate airway should be maintained and, if 
indicated, assisted respiration instituted. There 
are no data available on the dialyzabilicy of 
Wytensin. 

Dosage and Administration 

Dosage with Wytensin should be individu- 
alized. A starting dose of 4 mg twice a day is 
recommended, whether Wytensin is used 
alobe or with a thiazide diuretic. Dosage may 
be increased in increments of 4 to 8 mg per 
day every one to two weeks, depending on the 
patients response. The miximum dose studied 
to date has been 32 mg twice dally, but doses 


as high as this are rarely needed. 
How Supplied 
Wytensin® ( acetate) Tablets, 


Wycth®, are available in the following dosage 
strengths: 


4 mg, NDC 0008-0073, white, round tablet 
marked “WYETH” and "73", in bottles of 100. 
8 mg, NDC 0008-0074, white, round, scored 
tablet marked “WYETH” and “74", in bottles of 
100. 


Keep bottles of Wytensin Tablets tightly 


Insacd Augos 17,1982 
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Radionuclide Analysis of Peak k Filling Rate, Filling Fraction, 


And Time to Peak Filling Rate 


Response to Supine Bicycle Exercise i in Normal Subjects 


And Patients With oe Disease 


a4 


G. B. JOHN: MANCINI, MD, FROP(C), ROBERT | A. SLUTSKY, MD, , 
SHARON L. NORRIS, MD, VALMIK BHARGAVA, ‘PhD, “WILLIAM. L ASHBURN, MD, Ana 


CHARLES B. HIGGINS, ‘MD 


Using gated equilibrlum radionuclide angiography, ets 


variables of diastolic filing were analyzed at rest 
and during supine ‘bicycle exercise In normal 
subjects.(Group 1, n = 18), coronary patients with 
normal resting ejection fractions (Group 2, n = 26), 
and coronary patients with reduced resting ejection 
fractions (Group 3, n = 8). Indexes analyzed were 


peak filling rate and filling fraction during the first. 


third of diastole. At rest, the peak filling rate was 


significantly lower In coronary patients than In nor- . 


-mal subjects (3.18 + 0.82 end-diastollc volume 
[EDV]/s in Group 1 versus 2.41 + 0.66 EDV/s In 
Group 2, p <0.005; and 1.34 + 0.26 EDV/s In Group 
3, p <0. 001 versus Group 1). These differences 


persisted at peak exercise. Coronary patients also - 
‘had significantly lower filling fractions at rest and ` 


‘curing exercise than did normal control subjects: 


-The time from OPE to peak filling rate was 
_ longer at rest In patients In Group.2 (203 + 52 ms) 
‘than In subjects In Group 1 (172 + 50 ms, p 
“ <0.025). This remained true when the time to peak 
- filling was normalized by the R-R Interval. Although 


the exercise time to peak filling was longer In cor- 
onary patients In both Groups 2 and 3 than in Group 
1, these differences were not apparent when the 
Interval was normalized by the R-R interval. Thus, 
abnormalities In peak filling rate and filling fraction 
exist in patlents with coronary disease both at rest 
and during exercise, but large overlaps exist. be- 


.. tween normal and coronary paitlents. Caution is 


advised In comparing the timing of events during 
-diastole because apparent group differences may 
be related in part to rest or exercise heart rate. 





Teailitional analysis of left gentdealne az ialte uae 
formance ‘requires invasive pressure monitoring and ` 


cineangiographic techniques.!-? These approaches have 
occasionally uncovered-abnormal diastolic performance 
in coronary patients that has not always been associated 


with impaired systolic performance, Abnormalities have . 
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occurred in patients studied at rest who have coronary 


disease even when acute ischemia or previous myocar- 
. dial infarction was not found.*;4 In addition, these dis- 
` turbances can also be induced by acute ischemia? and 
` other forms of stress.!° 


- Noninvasive characterization of diastolic perfor- 


mance-was recently performed with both gated equi- 
librium radionuclide ventriculography!! and first-pass 


radionuclide ventriculography. 12 Others have evaluated 
diastolic radionuclide data at rest and during exercise!® 


‘in normal and coronary patients and found abnor- 
' malities in left ventricular filling in patients with cor- 


onary. disease. The purpose of this study was to reex-, 
aminé a number of nontnvasive variables of diastolic 
function at rest and during exercise in patients with 


coronary heart disease that. have been suggested ag 
__being reliable and. subtle: markers of cardiac ayo 
. tion. -:.. - ; 


44 DIASTOLIC PERFORMANCE DURING EXERCISE 
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FIGURE 1. Left, volume curve and first derivative curve. Time Is given along the abscissa. ET = ejection time; TTP = time to peak filling rate. The 
time interval between points A and B constitutes one third of diastole (one third of the time between points A and C). The difference between counts 
at A and B divided by the counts at B expressed as a percentage defines the filling fraction. The peak filling rate Is taken from the derivative curve 
at polnt D and expressed as end-diastolic volumes/second. Right, A typical volume and first-derivative curve. The data are derived from the filtered 


Images, but the curves are not themselves smoothed. 


Using gated equilibrium radionuclide angiography 
at rest and with symptom-limited supine bicycle exer- 
cise in normal subjects and patients with coronary dis- 
ease, we performed the following study to (1) determine 
the peak left ventricular filling rate and filling fraction 
during the first third of diastole, (2) determine the be- 
havior of these indexes with exercise, and (3) investigate 
the timing of the peak left ventricular filling rate both 
in absolute terms and in relation to the R-R interval and 
ejection time. 

This study confirms and extends recent studies!1-13 
using radionuclide techniques to evaluate abnormalities 
of diastolic filling in coronary patients. However, we 
attempt to demonstrate the potential methodologic 
limitations of this technique which often arise from the 
effects of changes in heart rate and the timing of atrial 
systole. Furthermore, an appreciation of the drawbacks 
in the use of these variables in assessing individual pa- 
tients is provided. 


Methods 


Patient population: Group 1 consisted of 18 normal control 
volunteers (aged 43 + 4 years), 13 male and 5 female, without 
symptoms or signs of systemic disease. No subject was taking 
medications and all had normal resting radionuclide left 

‘ventricular ejection fractions, electrocardiograms, and 
physical examinations. 

Group 2 consisted of 26 patients with coronary disease (aged 
48 + 6 years) with normal radionuclide left ventricular ejection 
fractions at rest (245%). Ten of them had had previous 

ts myocardial infarction as evidenced by a history of chest pain, 


an elevated serum creatinine kinase level, and characteristic 
electrocardiographic changes at least 6 months previously. No 
patient had evidence of valvular heart disease. Eleven were 
taking beta-blocking medications at the time of the study. 
Group 3 consisted of 8 patients with coronary disease (aged 
47 + 6 years) with a depressed radionuclide left ventricular 
ejection fraction at rest (<45%). Four had had myocardial 
infarction at least 6 months earlier. One patient had no clinical 


-history of infarction but had Q waves in the lateral limb leads. 


‘Two patients were taking beta-blocking medications and 1 was 
on chronic digitalis glycoside therapy. No patient had evidence 
of valvular heart disease. 

Equilibrium radionuclide angiography: All studies were 
performed with a portable scintillation camera (Picker 
Dyna-Mo), with the gamma detector placed in the 45° left 
anterior oblique position with a 10 to 15° caudal tilt. A general 
purpose collimator was used in all studies, and the photopeak 
of the camera was set at 140 keV with a 20% window. 

For analysis of left ventricular function, the data were re- 
formatted with the aid of an electrocardiographic gate, al- 
lowing the production of composite 32-frame cardiac cycles. 
The scan frames were frequency filtered, using both spatial 
(5 X 5 point) and temporal (7 point) filters. Cardiac cycles that 
fell outside a +10% range of the R-R interval were excluded. 
Using threshold and second derivative techniques, a variable 
left ventricular region-of-interest was obtained for the 32 
frames of the composite cardiac cycle. These regions were 
applied to the filtered data to produce ventricular volume 
curves. Background was assigned lateral to the left ventricle 
at end-systole.14.15 All data were analyzed using a general 
nuclear medicine computer (MDS, A?, Ann Arbor, Mich- 
igan). : 

The following variables were analyzed (Fig. 1). Left ven- 
tricular ejection time was defined as the time between the 


~ 
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early apex (end-diastole) of the time-activity (volume) curve 


and its nadir (end-systole). End-diastole was defined by the 
volume curve. The first derivative of the volume curve pro- 
vides frame by frame ejection and filling rates. The early peak 
negative deflection of this first derivative curve was defined 
as peak ejection. The late positive peak was defined as peak 
filling rate (EDV/s). The time to peak filling rate was defined 
as the time from end-systole on the volume curve to the time 
of the late peak of the first derivative curve. The filling frac- 
tion was obtained by dividing the time from end-systole to the 
end of the R-R interval into 3 equal intervals; the time for the 
first third of diastole could then be determined. Filling frac- 
tion was then defined as the difference between the counts at 
the end of the first third of diastole and at end-systole divided 
by the counts at the end of the first third of diastole and ex- 
pressed as a percentage. a 
At rest, the duration of all frames was <0.03 second (mean 
“0.024 + 0.003), and with exercise all frame durations were 
$0.02 second (mean 0.013 + 0.002).16 
The “weighted forward backward breakup volume curve” 
used in this study has become a standard commercial algo- 
rithm used by many laboratories to evaluate cardiac function. 
Methods for merging’ the forward and backward derived 
curves and the importance of a number of weighting tech- 
niques were investigated in our laboratory by studying 5 dogs 
undergoing atrial pacing and repeated left ventriculography 
and by performing frame-by-frame analyses at several paced 
rates. Ejection fraction as well as peak ejection and filling rates 
were derived from either QRS-gated forward, reverse, or 
composite curves generated by both linear and exponential 
weighting of the forward and reverse breakup curves. These 
values were compared with results obtained from the mean 
heart rate-volume curves. Linear weighting interpolation for 
deriving the composite curve provided a reasonable approx- 
imation of the mean heart rate-volume curve. However, the 
correlation of filling rates and later diastolic volume curve 
‘events could more accurately be characterized by the for- 
ward-reverse breakup technique than by the forward curve 
alone.!” In the present study, for analysis of forward breakup, 
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FIGURE 2. The response of peak diastolic filling rate to exercise (EX) 
In normal subjects (Group 1) and patients with coronary disease with 
normal (Group 2) and decreased rest left ventricular ejection fraction 
(Group 3). P values refer to ‘comparisons of rest and exercise values 


the bars. 


within each group. Mean values +1 standard deviation are shown by 


TABLE! Ejection Fraction (EF) and Diastolic Filling ` 
: Indexes at Rest (R) and During Exercise (E) in 
Normal Subjects and Patients With Coronary 


\ 
| 
| 
| 
T 


Artery Disease (CAD) 
Patients With Patients With 
CAD and CAD and 
Normal Normal Subnormal 
Subjects Rest LVEF Rest LVEF 
(Group 1, (Group 2, (Group 3, 
n= 18) n = 26) n = 8) 
EF(%) R 6546 59 49° 38 + 5t} 
E 757l 57 + 14t 37 + ett 
PFR R 3.13940.82 2.414066 1.344 0.2614 
EDV/s E 6.404 1.78! 4.7742.0011 3.204 1.30°-144 
FF(%) R 46+ 13 36 + 121 13 + 5tt 
, E 39417: 204 15t1 14+ 108 


* p <0.025 (versus Group 1); tp <0.001 (versus 1); Fp 
<0.001 AY Group 2); p <0.008 (versus Group 1); PELI (R 
versus E); 1 p <0.01 (versus Group 1); * p <0.005 (R versus E). 


Values are mean +1 standard deviation. FF = filling fraction; LV = 
left ventricular; PFR = peak filling rate. 


the radionuclide volume curves were gated with respect to the 
onsét of the QRS interval and averaged with a symmetrical 
weight distribution forward in time after the +10% R-R in- 
terval exclusion. Beats were weighted in proportion to the 
mean heart rate beat, with the mean heart rate beats receiving 
the greatest weight. The reverse breakup curve was obtained 
by aligning the tail end of the curves (backward in time) with 
the same weights. The forward and reverse generated curves 
were then combined to generate the composite volume curve. 
The composite curves were produced by assuming that the 
initial portion of the forward curve and the terminal portion 
of the reverse curve were accurate and that the remaining 
intermediate portion of the curves could be obtained by linear 
weighting of the forward and reverse curves. The ejection 
fraction, filling fraction, peak filling rate, and time from 
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FIGURE 3. The response of the filling fraction to exercise (EX) In normal 
subjects (Group 1) and patlents with coronary artery disease with normal 
(Group 2) and decreased rest ejection fraction (Group 3). P values refer 
to comparisons of rest and exercise values within each group. Mean 
values +1 standard deviation are shown by the bars. NS = not signifi- 
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' 


- end-systole to peak filling rate were determined from the 


merged, composite (that is, interpolated) volume-time 
curve. f ` 
. In a subgroup of 26 patients, variability in the measurement 
of the indexes of interest between 2 observers was as follows: 


. peak filling rate, +8% (range —0.06 to +0.46 EDV/s); filling 


fraction, +9% (range —8 to +8 filling fraction percentage 
units); and time from end-systole to peak filling rate, +4% 


` . (range —20 to +10 ms). 


. of Smith and Richards.8 The details of the exercise protocol. 


Clinical protocol: The patients’ own red cells were labelled 
ex vivo with 20 to 25 mCi of technetium-99m using the method 


were previously reported.!9-0 After equilibrium was reached, 
electrocardiographically gated scintillation data were collected 
for 5 minutes at rest. Graded supine exercise was performed 
and additional data collections were made at maximal exercise 
(usually 3 minutes in duration). Exercise was discontinued 
if the patient complained of shortness of breath, fatigue, or 
chest discomfort but was not limited by S-T segment de- 
pression. None of the normal subjects complained of chest 
pain or developed S-T segment depression. In the coronary 
patients with a normal left ventricular ejection fraction at rest, 
14 of the 26 had an abnormal S-T segment response to exercise 
(21 mm S-T depression in 1 or more of lateral chest leads V3 
to Ve). Ten of them also had chest pain and in 2 of them the 
S-T response consisted of S-T elevations at peak exercise. In 
the coronary patients with a low left ventricular ejection 
fraction, 3 of the 8 had chest pain at peak exercise, in 2 of 
whom S-T segment depressions developed >1 mm, whereas 
1 had S-T elevation. 

‘All patients gave informed eonaent to this protocol which 
was approved by the University of California, San Diego 
Human Subjects Committee. 

Statistics: Data are given as the group mean +1 standard 
deviation. Comparisons were performed by the appropriate 


„paired or unpaired Student’s t test. Correlations were tested 


byl linear regression analysis. 
Results 
Ejection fraction and diastolic filling indexes at 
rest and during exercise (Table I, Fig. 2 and 3): 


Table I summarizes the results of ejection fraction, peak 
filling rate, and filling fraction in the 3 groups. The 


ejection fraction increased significantly with exercise 


in the normal subjects did not change in either group of 
coronary: patients. 

At rest, the peak filling rate was highest i in the normal 
group (Group 1) and lowest in coronary patients with 
a depressed resting ejection fraction (Group 3) (3.13 + 
0.82 versus 1.34 + 0.26 EDV/s, p <0.001). In addition, 
coronary patients with a normal resting ejection fraction 


- had lower peak filling rates at rest than did normal 


. subjects (p <0.005). With exercise, all 3 groups showed. 


significant increases in peak filling rates (Fig. 2), but’ 


once again coronary patients had significantly lower 
values compared with the normal group. Coronary pa- 
tients in Group 3 who had the lowest exercise ejection 
fractions also attained the lowest exercise peak filling 
rates. The magnitude of changes was greatest in Group 
1 (+3.26 + 1.70 EDV/s) compared with Group 2 (+2.36 
+ 1.75 EDV/s, p <0.05 versus Group 1) and Group 3 
(+1.86 + 1.10 EDV/s, p <0.001 versus Group 1). 

The filling fraction showed a similar trend at rest, 


| that is, normal subjects had the highest filling fractions 


and coronary patients with low resting ejection fractions 











TABLE I! Timing Varlables at Rest (R) and During 
Exercise (E) in Normal Subjects and Patients 
With CAD 
Patients With Patients With 
CAD and CAD and 
Normal Normal Subnormal 
Subjects Rest LVEF Rest LVEF 
(Group 1, (Group 2, (Group 3, 
n = 18) n = 26) ; n = 8) 
RR (ms) R 9034 130 880 + 120 880 + 100° 
E 386 + 57" 470 + 90*-t 550 + 120°-48 
ET (ms) R 264+ 33 260 + 50 280 + 80 - 
E 164431  190+50° 214 + 4atd 
TTP (ms) R 172 + 36 203 +511 176 + 54 
E 98 + 34° Peas “T1514 49T 
TTP/R-R R 19+4 2447 2148 
(%) E 26+! 28 + iol 28 + 10 
TTP/ET R 70 + 27 82 +31 70 + 35 
(%) E 64431 74 + 34 75 + 29 
* p <0.001 (R versus E); t p <0.005 et Group 1); * p <0.001 
(versus Group 1); $ p <0.05 (versus Group 2); |! p <0.05 (R versus E); 


p <0.025 (versus Group 1). 
Values are mean +1 standard deviation. EF = ejection fraction; ET. 
= ejection time; TTP = time.from end-systole to peak filling rate. 


had the lowest filling fractions. Group 2 patients with 
normal resting ejection fraction had filling fractions of 
intermediate magnitude between Group 1 and Group 
3. In contrast to peak filling rate, the filling fraction’ 
showed no significant change with exercise in the nor- 
mal subjects or in coronary patients with subnormal 
ejection fractions at rest (Group 3). Furthermore, Group 
2 patients showed a significant decrease in filling frac- 
tion with exercise (Fig. 3). The exercise filling fraction - 
was lower in both groups of coronary patients than in 
normal subjects. 

Analysis of timing variables (Table II, Fig. 4 and - 
5): Table II summarizes the results of timing variables 
at rest and with exercise in all 3 groups. The R-R in- 
terval and ejection time were not different at rest among 
the groups, and in all 3 groups these intervals shortened 
significantly with exercise. During exercise the R-R 
interval was shortest in normal subjects, longest in 
Group 3 patients, and intermediate in Group 2 patients. 
The exercise ejection time was similar in Group 1 and 
2 but was longer in Group 3 (214 + 42 ms versus 164 + 
31 ms in normal subjects, p <0.005). 

Group 2 patients had a longer rest time to peak filling 
rate (203 + 51 ms) than did normal subjects (172 + 50 ` 
ms, p <0.025), and this difference persisted when it was: 
expressed as a function of the R-R interval but not when 
expressed as a function of the ejection time. However, 
Group 3 patients had a resting time to peak filling rate . 
that was similar to that of the normal group, and nor- 
malization by R-R interval or ejection time did not help 
distinguish them from normal subjects. 

With exercise the time to peak filling rate decreased 
significantly in Groups 1 and 2, but this change was not - 
apparent when the interval was expressed as a function ` 
of the ejection time. The exercise time to peak filling 
rate tended to account for a greater proportion of the 
R-R interval in all 3 groups and statistical significance’ 
was achieved in Groups land 2 (19 +.4% at rest versus” 
26 + 9% with exercise, p <0.05 for Croan 1; 24+ 7% at 
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FIGURE 4. The time from end-systole to peak filling rate and its re- FIGURE 5. The time trom end-systole to peak filling rate expressed as 
sponse to exercise (EX) in normal subjects (Group 1) and patlents with a percentage of the R-R Interval and Its response to exercise (EX) in 


coronary artery disease with normal (Group 2) and decreased rest left normal subjects (Group 1) and patients with coronary artery disease 
ventricular ejection fraction (Group 3). P values refer to comparison with normal (Group 2) and decreased rest ejection fraction (Group 3). 
of rest and exercise values within each group. Mean +1 standard de- P values refer to comparisons of rest and exercise values within each 


viation is shown by the bars. group. Mean values +1 standard deviation are shown by the bars. 


TABLE ili Diastolic Filling Indexes in Normal Subjects and Coronary Patients at Rest (R) and During Exercise (E): 
Subclassification of Coronary Patients With Normal Rest Left Ventricular- Ejection Fraction 





Peak Diastolic Filling Rate (EDV/s) Filling Fraction (%) 
Rest Exercise Rest Exercise 

Normal subjects (n = 18) y 3.13 + 0.82 6.40 + 1.78° 46 13 39 + 17 
Coronary patients with normal LV rest ejection fraction (n = 26) 

On beta-blocking drugs {n = 11) 2.40 + 0.74? 5.04 + 1.78°-1 33 + 10t 28+ 18 

Off beta-blocking drugs {n = 15) 2.42 + 0.58f 4.87 + 2.06" 38 + 13 15 + 10°54 

Previous Infarction (n = 10) 2.61 + 0.591 4.66 + 2.017" 33411? 28+ 19 

No previous infarction (n = 18) 2.29 + 0.66t+ 4.84 + 1.92°:4 38 + 121 15 + 98-l-tt 

Positive EKG response to exercise (n = 14) 2.41 + 0.64! 4.61 + 2.24417 37 + 131 18 + 14ttdt 

Negative EKG response to exercise (n = 12) 2.42 + 0.66t 4.95 + 1.60°-1 34+ 10t 22 + 16185 

Abnormal ejection fraction response to exercise (n = 17) 2.41 + 0.63t 4.14 + 1.4498 34+ 11t 20 + 13tt.tt 

Normal ejection fraction response to exercise (n = 9) 2.414 +-0.691 5.96 + 2,2311 39+ 14 20 + itll 





*p <0.001 (R versus E); t p <0.01 (versus normal subjects);? p <0.025 (versus normal subjects); § p <0.001 (versus normal subjects); l p <0.05 
(versus Aral of abnormal clinical feature In subclassification); 1 p <0.05, (versus normal subjects) ** p <0.01 (R versus E); tt p <0.005 (R 
‘versus E); tt p <0.005 (versus normal subjects); 88 p <0.025 (R versus E); 1! p <0.05 (R versus E); 11 p <0.025 (versus presence of abnormal 
clinical feature In subclassification). ; ' 

Values are mean +1 standard deviation. 


TABLE IV Time From End-Systole to Peak Diastolic Filling Rate (TTP) In Normal Subjects and Coronary Patlents at Rest (R) 
and Exercise (E); Subclagsification of Coronary Patients With Normal Left Ventricular Ejection Fraction. (EF) 





TTP (ms) TTP/R-R (%) 
Rest Exercise Rest. Exercise 
a tt 
Normal subjects (n = 18) i 172 + 36 98 + 34° 1944 26 + 9t 
Coronary patients with normal LV rest EF (n = 26) : 
On beta-biocking drugs (n = 11) 218 + 55t 119 + 49° 26 + 8t 25+ 1 
Off beta-blocking drugs (n = 15) 192 £ 44 139 £ 48tS . 22 + 51 3049 
Previous Infarction (n = 10) 206 + 64 120 + 325.1 25 + 9l 27+9 
No previous Infarction (n = 18) 201 + 4oll 137 + 56t °° 23 + Sit 29 + 101 
Positive ECG response to exercise (n = 14) 216 + 46tt 1414 49**1T | 25 + 7tt 3149. 
Negative ECG response to exercise (n = 17) 188 + 52 118 + 478 22+7 25 + 10 
Abnormal EF response to exercise (n = 17) : 208 + 49t 137 + 52%°° 24 + 8t 2949 
Normal EF response to exercise (n = 9) oral 200 + 46 117+ 41** 2245 27 + 12 


* p <0.001 (R versus E); t p <0.05 (R versus E); t p <0.025 (versus normal subjects); $ p <0.01-{R versus E); | p <0.05 (versus normal subjects); 
T p <0.025 (R versus E); ** p <0.005 (R versus E); tt p <0.01 (versus normal subjects). ‘ 
Values are mean £1 standard deviation. ECG = electrocardiographic. . 
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FIGURE 6. Correlation of ejection fraction and peak filling rate at rest 
- and exercise for the entlre study population. 


38 
EJECTION 


rest versus 28 + 10% with exercise, p <0.05 for Group 


j2): 


- The time to peak filling rate was longer with exercise 


- in both coronary groups when compared with normal 
, subjects, but this difference was lost when normalization 


by R-R interval and ejection time was undertaken. 


` Subclassification of coronary patients with 


normal rest left ventricular ejection fraction 
(Group 2): To further define the timing of diastolic 
events and the factors that might affect them, patients 
in Group 2 were analyzed with respect to intake of 
beta-blocking medication (n = 11), presence of previous 
myocardial infarction (n = 10), occurrence of an ische- 
mic electrocardiographic response to exercise (n = 14), 
and occurrence of an abnormal ejection fraction re- 
sponse.to exercise (n = 17). The ejection fraction re- 
sponse to exercise was considered abnormal when the 
exercise ejection fraction was <55% or failed to increase 
by 5% from a normal resting value. 

The rest and exercise filling indexes and timing 
variables are summarized in Tables ITI and IV, respec- 
tively. Results in normal subjects are provided for ease 
of comparison. In general, the subgroups behaved as did 
the entire group with few exceptions. Of importance was 
that (1) coronary patients with a normal ejection frac- 
tion response to exercise attained a mean peak filling 
tate that was not statistically different from the values 
of the normal. subjects, and (2) patients ingesting 
beta-blocking drugs had a longer resting time to peak 


` filling rate than did normal subjects even when this 


interval was normalized by the R-R interval. 
` Relation of filling rates to ejection fraction: The 
rest and exercise peak filling rates are shown as a 


` function of the corresponding regt and exercise ejection | 
fraction for all patients in Figure 6. There was a signif- ° 


icant correlation between these 2 variables ‘both at rest 


l (r = 0.75, p <0.001) and at peak exercise (r = 0.77, p- 


<0:001). For the population as a whole, the. filling 
fraction and ejection fraction showed a significant 
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FIGURE 7. Correlation of ejection fraction and filing fraction at'rest and 
exercise for the entire study population. 


correlation at rest (r = 0.75, p <0.001), and this corre- 


_lation, although significant, was only fair at peak ezer 


cise (r = 0.54, p <0.001) (Fig. 7). , 
Sensitivity and specificity of diastolic variables ' 
in detecting coronary artery disease: From our 


‘normal population we defined normal diastolic indexes 


in 2 ways, by using (1) 2 standard deviations from the 
group mean, or (2) the most extreme normal value as our 
cutoff criterion. The sensitivities (the number of true- 


- positive tests divided by the number of patients with 


coronary artery disease) for detecting coronary disease: 
in patients with a normal resting ejection fraction 
(Group 2, n = 26) are shown in Table V. Using these 
criteria, the specificity (number of true-negative tests 


TABLE V Sensitivity of Diastolic Variables for the 
Detection of Coronary Artery Disease In 
Patients With Normal Rest Left Ventricular 
Ejection Fraction (Group 2, n = 26) 





Test Test 

Criterla* Sensitivity Criteriat Sensitivity 

PFR (EDV/s) R <1.49 8% (2) <2.20 42% (11): 

E <2.84 23% (6) <3.84 31% (8) 

FF (%) R <20 12% (3) <33 46% (12) 

E <4 8% (2) <8 15% (4) 

-* TTP (ms) R >244 19% (5) >227 23% 19 

E >166 23% Gl >175 12% a 

TTP/R-R (%) R <27 23% (8) <27 23% (6) 

E <44 4% (1) <42 4% (1) 

PFR and/or R (Defined 23% (6) (Defined 54% (14 

prolonged TTP E above) ore ty} apoa) 35% (9 
Low PFR and/or R fined 27% H fined 50% na : 
E above) 23% (6) above) 31% (8) > 


prolongod 


* Defined by using +2 standard deviations from mean value of normal 
oup. t Defined by using the extreme value from the normal group. | 
E = exercise; FF = filling fraction; PFR = peak filling rate; R = rest; 


: TIP = time to peak filling rate; TTP/R-R = time to peak filling rate - 


normalized by the R-R interval. Numbers in parentheses indicate number 
of patlents. ' : ` 
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divided by the number of subjects without coronary 
disease) and predictive accuracy (the number of true- 
positive tests divided by the total number of positive 
tests) were each 100%. 


Discussion 


Traditional analysis of isovolumic relaxation and 
diastolic behavior requires invasive angiocardiographic 
techniques to relate changes in pressure to changes in 
volume. This interrelation is governed not only by 
properties intrinsic to the ventricular muscle, such as 
elastic and viscous properties, but also by extrinsic 
factors which include the pericardium, atrial systole, 
heart rate, arterial pressure, and ventricular interac- 
tion.221-24 ‘Also, the pressure-volume relation in diastole 
is curvilinear such that the ventricle is relatively com- 
pliant at low volumes but becomes progressively less so 
as volumes increase. 

Patients with coronary disease may manifest both 
acute and chronic alterations in the diastolic pressure- 
volume relation. In some patients, diastolic pressure is 
elevated despite normal left ventricular volumes*:”5 and 
this elevation may be due to increased wall stiffness 
because of fibrosis. Transient changes in the diastolic 
pressure-volume relation can be induced by acute 
ischemia.o%8-10 Mechanisms that may explain these 


changes are numerous and include incomplete or im-. 


paired relaxation, altered diastolic “tone,” tension 
prolongation during recovery from hypoxia, and per- 
haps also ischemic-contracture of myofibrils.24 Others 
have demonstrated changes in viscous properties in- 
duced by ischemia.” 

Radionuclide angiography provides merely a gross 
approximation of diastolic function because only rela- 
tive volumes are determined and expressed as a function 
of end-diastolic counts. These volumes cannot be re- 
lated to intraventricular pressure without resorting to 
invasive techniques. In addition, it is well known that 
mere changes in ventricular volume without ischemia 
can increase’ chamber stiffness without implying a 
change in muscle stiffness.! Furthermore, the mecha- 
nisms involved in abnormalities of timing of events 
during various phases of the cardiac cycle cannot spe- 
cifically be delineated without knowing the timing of 
valvular opening and closing. This knowledge cannot 
be provided by analysis of a radionuclide time-activity 
curve alone. Hence, it should be appreciated that the 
time from end-systole to peak filling rate contains both 

_ isovolumic relaxation as well as early diastolic filling. 
Anomalies in this interval may be difficult to interpret 
not only because of the combination of these 2 distinct 
phases of the cardiac cycle, but also because changes in 
diastolic filling may be affected by aberrations in 
myocardial relaxation.”-24.26.27 Nevertheless, these 
methods provide an attractive qualitative approach to 
an analysis of diastolic function which circumvents the 

- invasive angiocardiographic techniques and can readily 

be applied to large patient populations. 

Relatively little data presently exist on the radionu- 
clide assessment of diastolic function at rest and with 
exercise. Our determination of peak left ventricular 
filling rates using gated equilibrium radionuclide an- 


giography at rest is in close agreement with those of 
Bonow et al! and Reduto et al,!3 the latter group having 
used first-pass techniques during upright exercise as 
well. In addition, the values are comparable to those 
calculated by Hammermeister and Warbasse,* using 
angiographic techniques. In contrast, Kemper et al! 
report markedly lower values at rest, the reason for 
which is not readily apparent from their report. 

Clear differences in the peak filling rate were present 
at rest, the normal group having the highest values and 
the coronary group with low resting ejection fractions 
having the lowest values. This finding agrees with those 
of other investigators. However, despite this general 
trend, substantial overlap exists between normal and 
coronary patients except when left ventricular dys- 
function is already profound and readily apparent (Fig. 
2). Thus, the usefulness of this isolated measurement 
at rest as a marker of coronary disease in any individual 
patient is limited (Table V). Only 11 of the 26 (42%) 
coronary patients with a normal ejection fraction at rest 
had a peak filling rate lower than the lowest control 
value. In contrast, 76% of the coronary patients with a 
normal resting ejection fraction reported on by Bonow 
et al! had a low peak filling rate. One reason for this 
difference may be the number of patients examined, our 
groups being smaller. However, the problem of overlap 
in these groups is still apparent. 

The peak filling rate at rest in the coronary patients 
was lower than that in the normal subjects even when 
systolic function at rest was normal. The explanation 
for this observation in coronary patients without evi- 
dence of infarction or acute ischemia is not readily ap- 
parent. As suggested,!! it may be due to (1) clinically 
inapparent ischemia, too mild to cause angina, elec- 
trocardiographic changes, or abnormalities of systolic 
function, (2) previous periods of ischemia which may 
produce subtle, irreversible changes in left ventricular 
relaxation without altering systolic function, or (3) 
previous periods of ischemia which may produce very 
slowly reversible changes in diastolic filling that are 
more long-lived than changes in systolic performance. 
Little direct evidence for these hypotheses is presently 
available. When global ejection fraction is taken as the 
measure of systolic function, peak filling rate appears 
to be more sensitive to the presence of coronary disease 
(that is, 42% of coronary patients with a normal rest 
ejection fraction had a low peak filling rate). However, 
when a systolic variable employing differentiation is 
assessed, such as peak ejection rate, it has also been 
abnormal in coronary patients at rest without infarction, 
acute ischemia, or abnormal ejection fraction when 
compared with that of normal individuals.!%8 This 
observation agrees with the work of Hammermeister 
and Warbasse* who also noted that in the absénce of 
valvular disease, peak rate of volume change was similar 
in both systole and diastole and both were lower in 
coronary patients when compared with normal subjects.. 
Therefore, comparison of the sensitivity of ejection 
fraction and ‘peak diastolic filling rate as a marker of 
coronary disease may in some respects be inappropriate. 
It should also be readily apparent that such abnor- 
malities are not likely to be specific for the detection of. 
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coronary disease, because patients with constrictive 
pericarditis, some forms of cardiomyopathy, and even 
mitral stenosis may manifest abnormalities of diastolic 
filling at rest. 

The response of peak filling rate to exercise is shown 
in Figure 2. The rates increased significantly from the 
value at rest in all 3 groups; however, both the increases 
and the absolute rates attained were lower in coronary 
patients. This behavior was also noted by Reduto et al.13 
There was no discernible effect on this behavior with 
respect to the presence or absence of propranolol, pre- 
vious myocardial infarction, or a positive electrocar- 
diographic response to exercise. However, patients with 
a normal ejection fraction response to exercise attained 
peak filling rates that were similar to those in normal 
patients. 

It is important to emphasize that a fundamental 
difference exists between rest and exercise in what is 
measured as peak filling rate. Although at rest the 
contribution of atrial systole is usually apparent and can 
readily be excluded, the same is not true for exercise 
when the contribution of atrial systole may be a major 
determinant of the measured peak filling rates because 
of the much shorter R-R interval. This limitation of the 
methodology is not easily circumvented. Nevertheless, 
all patients remained in sinus rhythm during exercise, 
and the behavior of peak filling rates with exercise still 
provides information about differences in the way vol- 
’ ume is handled in the different groups, despite the 
complicating feature of atrial systole. 

The filling fraction as measured during the first third 
of diastole was proposed by Reduto et al? as an index 
of diastolic function. They found that, on the whole, 
coronary patients had a lower filling fraction at rest and 
during exercise when compared with that of normal 
subjects. However, despite this, they found that sub- 
stantial overlap existed between these groups. Filling 
fraction did not change significantly from rest to exer- 
cise in their normal subjects and in the coronary pa- 
tients with a normal ejection fraction response to ex- 
ercise. In contrast, their patients with an abnormal 
ejection fraction response showed a decrease in filling 
fraction with exercise. Our data agree with this both in 
magnitude and in the directional changes (‘Table I, Fig. 
3). However, when considering our coronary patients 
with a normal resting ejection fraction, we found that 
virtually all subgroups had a decreased filling fraction 
during exercise, including patients with a normal ejec- 
tion fraction response to exercise and absent electro- 
cardiographic responses (Table IN). This finding 
suggests that the response of the filling fraction to ex- 
ercise may provide useful clinical information in the 
detection of coronary disease when other methods have 
failed. However, it should be emphasized that this de- 
crease in filling fraction occurred very frequently in 
normal subjects (Fig. 3). This behavior in normal pa- 
tients was also noted by Reduto et al,!8 who thought it 
might represent a normal physiologic response due to 
incomplete left ventricular relaxation associated with 
rapid heart rates. This finding has been documented in 
dogs undergoing atrial pacing by Weisfeldt et al” and 


Mitchell et al.2”? Alternatively, untrained normal 
subjects have increased ventricular volumes with ex- 
ercise,2® which may result in an increased chamber 
stiffness in the absence of ischemia. 

Measurement of the filling fraction during the first 
third of diastole has the advantage over the peak filling 
rate of potentially excluding the effect of atrial systole 
during exercise at rapid heart rates. However, because 
the filling fraction is arbitrarily measured during the 
first third of diastole, it is difficult to reckon with the 
meaning of changes in this variable. With exercise, 
diastole in total is shortening, with most of the short- 
ening occurring during slow filling, as is isovolumic re- 
laxation. The period encompassed by the filling fraction 
measurement may therefore be very different from rest 
to exercise, that is, at rest the filling fraction might ex- 
tend into slow filling, whereas during exercise it might 
end sometime during rapid filling. 

Further characterization of diastolic behavior is 
provided by an analysis of the time of occurrence of 
peak filling rate. At rest the time from end-systole to the 
occurrence of peak filling is longer in coronary patients 
than in normal subjects!12.16 and this is true even in 
many patients without evidence of previous infarction 
or acute ischemia. Bonow et al!! showed that this in- 
terval by itself did not appear to be useful as a predictor 
of coronary disease, but when combined with subnormal 
peak filling rate at rest, the sensitivity for detection of 
coronary disease was increased from 85 to 91%. Kemper 
et al!? also found that this isolated interval was not a 
useful predictor of coronary disease. Neither of these 
groups corrected this interval for the duration of the 
R-R interval. Although the normal and coronary pa- 
tients reported on by Bonow et al!" had a similar resting 
heart rate, in the usual clinical situation in which an 
individual’s timing interval is to be evaluated, a mean- 
ingful interpretation can only be provided if the effects 
of heart rate can be excluded, especially because many 
patients undergo diagnostic tests while ingesting 
beta-blocking medications. It appears to us that nor- 
malization of the interval by the R-R interval is a rea- 
sonable approach to this problem. As in other stud- 
ies,1112 we found that the time to peak filling was longer 
in coronary patients with a normal ejection fraction than 
in our control subjects, and this relation held true when 
it was normalized by the R-R interval. Furthermore, 
patients ingesting propranolol had an abnormal interval 
even when normalized by R-R interval. At rest, however, 
this normalized interval identified only 23% of coronary 
patients with a normal resting ejection fraction (Table 
V). 

With exercise, the time to peak filling appeared longer 
in coronary patients with a normal resting ejection 
fraction than in the control group (p <0.025); however, 
those differences disappeared when the interval was 
normalized by the R-R interval. That is to say, although 
our normal patients had the shortest time to peak filling, i 
they also had the shortest R-R interval with exercise. 
The coronary patients had both a longer time to peak 
filling and a longer R-R interval. Thus, when the in- 
terval is expressed as a percentage of the R-R interval, 
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the apparent differences between groups is minimized. 
Therefore, although real differences evidently exist in 
the timing of diastolic events, caution is advised in the 
interpretation of this interval in an individual patient 
if the effects of the underlying heart rate are not first 
taken into account. 
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i -The relation between bicycle: ‘exercise performance’ . 
„and determinants of central and peripheral cardio- ` 


vascular functlon was assessed in 17 patients with 


class 'I\ to Ill heart failure ‘and In 9 normal subjects. 
Proportional changes In oxygen consumption (VO2)- 


- from-rest (R) to maximal exercise (Ex), or Mets, 
. were used as an objective measure of the exercise 
capacity or functional reserve of the cardiovascular 


“system. Left ventricular ejection fraction (EF) and | 
` proportional changes in end-diastclic volume, stroke 


- ‘volume, and cardiac output were:determined from 


‘appropriate count data by equilibrium radionuclide ` 
. anglography. Proportional changes in arteriovenous. 

“oxygen. difference (A-VO2) were derived from the ` 
EX/p' VO2 + Ex/p CO, where ` 


“equation Ex/a ‘A-VO, = 
co = = count output. 


. Each subject, ‘exercised’ to an anaerobic end- ; 
= point. Maximal VO% was significantly | lower In pa- . 
tients than in normal subjects. Because Ex/p A-VO2. ` 
was comparable in normal subjects and patients, the - 


lower .exercise performance In patients resulted 
from a reduced: count ot response. The reduced 


Patiente with ana dyafunétion demonsaat a 
generally reduced but highly variable exercise capacity. ` 
Despite severe ventricular dysfunction, certain patients 
' may even have normal exercise tolerance.! The pa-’ 


rameters that determine this variable‘ability. to exercise 


-have not been delineated. Recent studies! show that . 
` measurements of left ventricular function at rest have . 
_little.or no correlation with exercise capacity in patients’ 
with héart failure. No previous study has related céntral , 
and peripheral components of cardiovascular function ` 
during exercise with objective measurements of exercise’ ` 
capacity in patients with a wide, range.of. ventricular 


dysfunction.. 


. The purpose of the resent study » was to relate i in- 
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by Research, . 


co response’ In patients resulted from fallure of the 


` ejection fraction to.Increase or r from an attenuated 


heart rate response; or both. 
Exercise performance was variable in both E 
groups. Multivariable analysis In the patient i group 


~ identified changes in heart rate, count output, and. ` 
_ A-VO3 with exercise as Important predictors of Mets, l 


but found no relatión between Mets and.changes In. 


_ ejection fraction or stroke counts:during exercise. i 
* Similarly, multiple regression. analyses between. . 


Mets and determinants of cardiovascular function 
demonstrated _ significant correlations with Ex/, 
heart rate, EX/p: count output, and Ex/p A-VOz‘In: . 
both groups. In patients, EF at rest ranged from 0.09 | 
to 0.36, but It did. not correlate with Mets, nor did | 


-changes in éjection fraction, stroke counts, or- 
- end-diastolic counts during exercise. The varlable. 
exercise performance among patients with severe 


left ventricular dysfunction. was. determined pre~ 


Ni dominantly by a varlable heart rate and A-VOz re- 
` sponse and not by rest or ce # Indexes of left 
ventricwat function. : a 


Hewes of left ventricular and parked Sarajosseeiag 


function at rest and during exercise with maximal ex- 
ercise capacity during upright bicycle ergometry. Left- 
ventricular function.was measured noninvasively with 
radionuclide ‘angiography, and maximal exercise ca" 


pacity was assessed: by determining’maximal oxygen 


consumption and achievement of anaerobic end-points: 
of exercise. o ; a 
Methods Gold. en oo 
. Study Se The stúdy was performed i in 17 patients, 
aged 27 to 68 years with New York Heart Association func- 


. , tional class II to IIT heart failure and in 9 subjects aged.31 to: 

-` 55 years without cardiovascular disease: Clinical character- 

~ istics are summarized in’ Table I: All. patients were male. - 
. Twelve patients had coronary artery disease with documented 


previous myocardial infarction. Four patients had idiopathic. 


_ dilated cardiomyopathy. One patient had heart failure-after | 


successful aortic and mitral valve replacement and no’ clini 
cally apparent valvular insufficiency. In all cases, cardiac. 
failure had been- clinically stable for at-least 2 months. All. 
patients were receiving, digoxin’ and diuretics at the time ‘of: 
the study; none was receiving beta“ ‘adrenergic blocking: drugs ` 
or vasodilator drugs other than occasional sublingual nitro-' 


‘glycerin. Patients-were excluded from the study if they had ` 


angina Pe that limited exercise, a or i 
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TABLE! Clinical Characteristics 





Patlents With 
Normal Subjects Cardiac Fallure 

Number 9 17 
Age (yr)* 526 548 
Sex 8M, 1F All male 
Weight (kg)* 75.2 + 6.0 77.14 8.3 
NYHA functional I 2 patlents,* class Il 

class 15 patients,* class Ill 





* Mean + standard deviation. NYHA = New York Heart Assocla- 
tlon. 


signs of obstructive lung disease, or intermittent claudica- 
tion. 

The control group consisted of 6 normal volunteers who had 
no symptoms or signs of cardiovascular disease, 1 subject who 
had no signs or symptoms of cardiovascular disease but was 
referred for evaluation of exercise intolerance, and 2 subjects 
referred for evaluation of chest pain who had normal cardiac 
catheterization findings. Written informed consent was ob- 
tained from each subject. 

Exercise test protocol: The exercise test was performed 
in the postabsorptive state. Administration of digoxin and 
diuretics was continued. Exercise was performed in the up- 
right position with the subject sitting on an isokinetic bicycle 
ergometer (Fitron). The electrocardiogram was monitored 
continuously. The standard limb leads and leads Vs and Vg 
were recorded initially and after each minute of exercise. Ar- 
terial blood pressure was measured by cuff manometry at rest 
and during each minute of exercise. Exercise began at 150 
kpm/min (50 W); the work load was increased by 150 kpm 
every 3 minutes. The exercise rate was constant at 60 rpm. 
Exercise was continued until limited by excessive fatigue or 
shortness of breath, or both. 

Respiratory gas analysis and calculation of anaerobic 
threshold: The concentration of expired oxygen was analyzed 
continuously with a Beckman OM-14 oxygen analyzer; carbon 
dioxide was analyzed with a Beckman LB-2 analyzer. Minute 
ventilation was measured with a Pneumoscan spirometer. 
Instruments were calibrated at the beginning of each study 
and before every measurement. Oxygen consumption (VOa) 
and carbon dioxide production (VCO) were measured before 
exercise and during the third minute of each exercise stage. 
Appropriate corrections were made for barometric pressure 
and temperature of the expired gases. Maximal VOg was cal- 
culated for each subject, and for descriptive purposes was 
expreased as a multiple of resting oxygen consumption, de- 
fined as Mets. Anaerobic end- -points of exercise were con- 
firmed from the ratio of VCO2/VO2 and from the ratio of 
minute ventilation/VOz using criteria described by Wasser- 
man and co-workers.56 

Radionuclide angiography: Multigated radionuclide 
angiograms were recorded by labelling red blood cells in vivo 
with 30 mCi of technetium-99m. Radionuclide angiograms 
were acquired using a Searle L.E.M. mobile scintillation 
camera with a high sensitivity collimator and hardware zoom, 
and an R-wave triggered gate interfaced to a Medical Data 
Systems A? computer. Studies were acquired in the histogram 
mode, in a 64 X 64 matrix of 24 frames each containing 125,000 
counts. The acquisition time was approximately 1.5 to 2 
minutes for each study. Serial radionuclide angiograms were 
recorded before exercise and during the second and third 
minutes of each exercise stage. 

The multigated radionuclide studies were analyzed without 
data processing. The left ventricular ejection fraction was 
calculated using a varying region of interest technique. Re- 
gions were assigned using an operator-assisted semiautomated 


edge-detection program. Analysis of counts in each region 
allowed the construction of time activity curves and the de- 
termination of ejection fraction. End-diastole (ED) and 
end-systole (ES) were determined from the peaks and troughs 
of the time activity curve, respectively. The ejection fraction 
(EF) was calculated from the following formula: EF = 
(ED counts-background) — (ES counts-background)/(ED 
counts-background). Relative stroke count (SC) changes from 
rest to exercise were derived from the background and time- 
corrected end-diastolic count rate (EDCR), thus: Ex/p SC = 
Ex/r EDCR X Ex/r EF. The end-diastolic count rate was in 
each case back-correctéd to the time of the resting study to 
allow for isotope decay. The formula used was EDCRo = 
EDCRt X eùt, where EDCRo = the back-corrected value, 
EDCRt = the value recorded at time t, and À = 0.693/isotope 
half-life. Relative count output changes as indexes of cardiac 
output changes from rest to exercise were calculated from the 
following formula: Ex/p CO = Ex/p SC X Ex/r HR, where HR 
= heart rate in beats/min. 

Arteriovenous oxygen difference, of the difference between 
arterial and mixed venous oxygen content, was not measured 
directly in the study group. Relative changes in arteriovenous 
oxygen difference (A-VOz) were derived from the equation 
VO; = = CO x A-VO,, so that: Ex/r A-VO2 = Ex/p VO: Xx R/Ex 
CO. In the following sections the change in A-VO, will refer 
to this derived value. 

The foregoing methods were validated in a group of 6 pa- 
tients, 4 of whom were involved in the present study, who 
performed staged exercise in a manner identical to that de- 
scribed herein. The resting ejection fraction in this group 
ranged from 0.10 to 0.42 (mean 0.26). Arteriovenous oxygen 
difference was measured directly by sampling from a cannula 
in the brachial artery and a Swan-Ganz catheter in the pul- 
monary artery. Measurements were made at the beginning of 
the third minute of each exercise stage and thus coincident 
with the oxygen consumption and radionuclide measure- 
ments. Cardiac output was calcplated at rest and during each 
exercise stage by the Fick method. Stroke volume was ob- 
tained by dividing cardiac output by heart rate. 

Noninvasive and invasive measurements were compared 
by regression analysis and by comparing individual data as 
a function of progressive work load. 

Statistical analysis: Group data of patients and normal 
subjects were compared using Student’s t test. The relative 
importance of several cardiovascular variables as determi- 
nants of exercise capacity was assessed in the 17 patients by 
stepwise multivariable analysis. In addition, exercise perfor- 
mance as expressed by Mets was related to cardiovascular 
variables by multiple regression analyses. All group data were 
expressed as mean + standard deviation. 


Results 


Validation studies: Data in Figures 1 and 2 dem- 
onstrate the validity of the noninvasive measurements 
made in the present study. Proportional changes in 
stroke counts, count outputs, and derived A-VOg cor- 
respond well with direct measurements of stroke volume 
(r = 0.67), cardiac output (r = 0. 89), and arteriovenous 
oxygen difference (r = 0.78) (Fig. 1). Figure 2 illustrates 
individual and mean data describing proportional 
changes i in cardiovascular variables derived by nonin- . 
vasive and direct measurements during progressive 
exercise; mean data were essentially the same. 

Duplicate resting radionuclide studies were recorded 
in 11 of the 17 study patients. The mean ejection frac- 
tion of the group was 0.22 + 0.06; the mean difference 
between the 2 ejection fraction measurements was 0.0T5 
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TABLE Il Gas Exchange and Cardiovascular Performance In 9 Normal Subjects and 17 Patients With Cardiac Fallure 





Rest 
Normal 

i Subjects Patients 
Work load nane ini 

VO? 4.5 1.3 401.1 

RQ 0.80 + 1.10 0.85 + 0.05 
HR (beats/min) 79 + 21 75 & 22 
SBP (mm Hg) 131 + 12 133 + 22 
EF 0.60 + 0.06 0,23 + 0.07 
Max Ex/p EDC ts aan 

Ex/p SC 

Max Ex/p co 
Max Ex/p A-VO2 





Values are mean + standard deviation. NS = not significant; RQ = respiratory quotient; SBP = systolic blood pressure. 


+ 0.001. The mean difference in end-diastolic counts 
was 4.7 + 2.7%. 

Left ventricular function at rest: In patients there 
was a wide range of left ventricular dysfunction; the 
ejection fraction range was 0.09 to 0.36 (mean 0.23). The 
ejection fraction was at least 0.50 in all normal subjects 
(range 0.50 to 0.68; mean 0.60) (Table II). 

Exercise performance: Exercise performance as 
expressed by maximal work load, VOo, or Mets was 
significantly reduced in patients compared with normal 
subjects (Table IT). Among the 9 normal subjects, the 
2 lowest values for Mets, 2.8 and 3.5, were seen in the 
patients investigated for chest pain. Neither took reg- 
ular physical exercise. The highest value, 8.3, was seen 
in a subject who engaged in long-distance cycling. The 
relation between oxygen consumption (VO2) and work 
load is shown in Figure 3. Although at comparable work 
loads VO» was similar in the patients and normal 


30 B Patients 
+ Normal Subjects 






000-200-300 400 500 600 700 800 
WORK LOAD (kpm/min) 


FIGURE 3. Relation between oxygen consumption (VOz2) and work load 
with upright bicycle exercise in 9 normal subjects and 17 patients with 
left ventricular failure. Values represented are mean + standard de- 
viation. 





Maximal Exercise 








' Normal 
p Subjects Patlents p 
itn 761 + 170 476 + 140 <0.001 
NS 23.5 + 7.6 14.8 + 4.3 <0.01 
ia 5.5 + 1.6 3.9 + 1.2 0.01 
NS 1.12 + 0.08 1.16 + 0.12 NS 
NS 158 + 17 132 + 17 0.001 
NS 201 + 25 176 + 38 NS 
<0.0001 0.76 + 0.08 0.23 + 0.07 <0.0001 

ate 0% 0.99 + 0.20 1.11 + 0.14 NS 

1.27 + 0.24 1.12 + 0.22 NS 

2,58 + 0.54 1.87 + 0.48 <0.01 

2.09 + 0.39 2.04 + 0.52 NS 





subjects, maximal VO. was reduced greatly in the pa- 
tients. 

Each subject exercised in excess of the anaerobic 
end-point (Fig. 4). The respiratory quotient (VCO2/ 
VOz) exceeded 1.0 in each subject at maximal exercise. 
The ventilatory equivalent (minute ventilation/VO2) 
initially decreased, then increased slowly before 
abruptly rising at the maximal work load in each 
subject. The respiratory quotients and ventilatory 
equivalents at maximal exercise were comparable in 
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FIGURE 4. Changes in respiratory quotient (RQ) and ventilatory ` 
equivalent (VE) with progressive increases In work load during bicycle 
exercise In 9 normal subjects and 17 patlents with left ventricular fallure. 
Respiratory quotient represents the ratlo of carbon dioxide production 
to oxygen consumption. Ventilatory equivalent expresses the rato of 


minute ventilation to oxygen consumption. Comparable anaerobic 
end-points of exercise are seen In each group. 
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FIGURE 5. Changes In heart rate (HR) and systolic blood pressure (SBP) - 


with increasing work load during upright bicycle exercise in 9 normal 
subjects and 17 patients with left ventricular failure. At comparable work 
loads, heart rate and systolic blood pressure were similar for each 
group. Normal subjects achieved higher work loads at a higher heart 
rate and systolic blood pressure than patients. : 
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patients and normal subjects, indicating that compa- 
rable anaerobic end-points of exercise were achieved. 

Cardiovascular response to exercise: Changes in 
heart rate, systolic blood pressure, and radionuclide 
indexes of cardiac function between rest and maximal 
exercise in all subjects are summarized in Table IL 
Responses to progressive exercise are illustrated in 
Figures 5 to 7. Heart rate responses during maximal 
exercise were lower in patients than in normal subjects 
(p = 0.001). A small difference in systolic blood pressure 
(p >0.05) between the groups was also seen. The dis- 
parity between ejection fraction in patients and normal 
subjects was marked at maximal exercise (p <0.0001). 
Patients has a significantly lower exercise/rest count 
output at maximal exercise than normal subjects (p 
<0.01). The small differences in exercise/rest stroke 
counts and exercise/rest end-diastolic counts did not 
reach statistical significance, but the progressive data. 
shown in Figure 6 suggest that patients had a dimin- 
ished stroke count response despite a greater increase 
in end-diastolic counts during exercise. Changes in 
A-VO, from rest to maximal exercise were comparable 
in both groups. 

Determinants of maximal exercise performance: 
The determinants of oxygen consumption can be ex- 
pressed in the following equations: (1) VOo = cardiac 
output-A-V oxygen difference; (2) Cardiac output = 


+ Patients 


-+ Normal Subjects 


FIGURE 6. Changes In ejection fraction 
(EF), end-diastolic counts (EDC), stroke 
counts (SC), and count output (CO) with 
progressive upright bicycle exercise In 

. 9 normal subjects and 17 patients with 
left ventricular failure. All values are 
represented as proportional changes 
from rest to exercise. 
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FIGURE 7. Changes in ejection fraction {EF} from rest to maximal up- 
right bicycle exercise in 9 normal subjects {open circles) and 17 patients 
with left ventricular failure (closed circles). Mean values + standard 
deviation are shown for group data. , 


stroke volume (SV)-HR; (8) SV = end-diastolic volume 
(EDV)-EF; so that, (4) VO: = EDV-EF-HR-A-VO3. 
Maximal work performance in study patients and nor- 
mal subjects was expressed as a multiple of resting 


oxygen consumption, that is, Mets = MaxEx/p VO> =. 


MaxEx/r EDC-MaxEx/p EF-MaxEx/p HR-MaxEx/pg 
A-VO>. Relations between Mets achieved and various 
factors that might influence exercise performance were 
examined in both study groups by univariate analysis; 
individual data are plotted in Figures 8 to 12. No cor- 
relation existed between age and Mets achieved in the 


study patients (r = 0.04) or the normal subjects (r = . 


0.20). 
Despite the wide range of ET fraction at rest and 


the variable response of the ejection fraction during ` 


exercise in patients, there was essentially no relation 
between either measurement and exercise performance 
as measured by Mets (Fig. 8) (r = —0.10 for rest and 0.20 
for exercise ejection fraction). In normal subjects, 
resting ejection fraction was weakly related to Mets (r 


= 0,44, p >0.05). The relation between exercise ejection. 


fraction and Mets was stronger (r = 0.76, p = 0.02). 
When the relation between Mets and proportional in- 


creases in ejection fraction from rest to maximal exercise . 


was examined, a weak correlation- could be demon- 


strated for normal subjects (r = 0.32, p >0.05), but not 


for patients (r = 0.10) (Fig. 9). In normal subjects, weak 
negative correlations were seen between exercise/rest 


stroke counts and Mets (r = —0.37, p >0.05) and be- 


- tween exercise/rest end-diastolic counts and Mets (r = 
—0.28, p >0.05) (Fig.-10); no correlation was seen in 
patients (r = 0.03 and 0.08, respectively). A positive 

correlation was observed between exercise/rest count 
output at maximal exercise and Mets in normal subjects 


(r = 0.65, p = 0.06) and in patients (e MGL pi oo) f 
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FIGURE 8. Relation between proportional change In oxygen con- 
sumption from rest to maximal exercise (Mets); and rasting ejection 
fraction (REF, upper panel) and exercise ejection fraction (ExEF, lower 
panel). Correlations are seen for normal subjects (open circles), but 
not for patlents with left ventricular failure (closed circles). 


(Fig. 11). Similar positive correlations were observed 
between Ex/p A-VOz and Mets in normal subjects (r = 
0.83, p = 0.005) and in patients (r = 0.63, p = 0.01). Of 
the various determinants of cardiac output considered 
in patients, the strongest positive correlation with Mets 
was observed for exercise/rest heart rate (r = 0.57, p = 
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FIGURE 9. Relation between proportional change in oxygen con- 


‘sumption from rest to maximal exercise (Mets) and proportional change 


in ejection fraction (Max Ex/p EF) for normal subjects (open circles) 
and. aoi with Kilet ventricular failure (closed circles). - TS 
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FIGURE 10. Relation between proportional change in oxygen con-. 
changes 


sumption from rest to maximal exercise (Mets) and proportional 

In end-diastolic counts (Max Ex/, EDC, upper panel) and stroke counts 
(Max Ex/p SC, lower panel). Weak negative correlations are seen for 
normal subjects (open circles) but not for patients with left ventricular 
failure (closed circles). 


0.015) (Fig. 12). A positive correlation also was observed 
between Mets and heart rate in the normal subjects (r 
= 0.50), although this correlation was not significant for 
the small group. 

Multivariable analysis of the determinants of Mets 
was carried out in 3 stages in the patients but not in the 
smaller group of normal subjects. The first stage com- 
bined Ex/p CO and Ex/p A-VO,, the second combined 
- Ex/p HR, Ex/g SC, and Ex/r A-VOxz, and the third in- 
cluded Ex/g HR, Ex/g EF, Ex/p EDC, and Ex/p A-VO2 
‘as possible determinants of Mets achieved during 
maximal exercise. This analysis demonstrated an ap- 
proximately equal contribution to Mets achieved from 
Ex/p CO and Ex/p A-VOsz. It also confirmed the im- 


portance of Ex/r HR, but not Ex/p EF or Ex/p SC, as: 


a determinant of Mets. - 
` Two patients achieved normal or near-normal exer- 


cise performance as defined by a maximal value for: 


Mets >5.0. The mechanism by which this was achieved 
can be seen from individual data in Figures 8 to 12. Al- 
though both patients had markedly abnormal ejection 
fractions at rest and during exercise, a normal or near- 
normal cardiovascular response to exercise was associ- 


ated with a normal exercise/rest count output in each’ 


case. The patient who achieved the highest Mets (5.6) 
maintained a normal exercise/rest count output through 


_ ‘normal stroke count and heart rate responses; the in- 
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FIGURE 11. Relation between proportional change In oxygen con- 
sumption from rest to maximal exercise (Mets) and proportional changes 
in count output (Max Ex/, CO, upper panel) and arterlovenous oxygen 
difference (Max Ex/p_ A-VOz2, lower panel). Positive correlations are 
seen for normal subjects (open circles) and for patients with left ven- 
tricular failure (closed circles). 


crease in stroke counts was achieved through an increase 
in end-diastolic counts, because EF did not change 
significantly. The patient who achieved the. second 
highest value (5.2 Mets) did not increase stroke counts 
normally, but achieved a normal count output response 
through a compensatory increase in heart rate. . 

The mechanisms of achieving an adequate exercise 
performance in patients is further illustrated by the 
data from 5 patients who reached values of Mets be- 
tween 4.0 and 5.0. Three of these patients doubled their 
count output by increasing ejection fraction and heart 
rate during exercise. The remaining 2 patients demon- 
strated a poor count output response but markedly in- 
creased arteriovenous oxygen difference. 


Discussion 


Previous studies have demonstrated that patients 
with ventricular dysfunction have a highly variable 
exercise capacity.<3 However, thé parameters that 
determine this variable exercise capacity have not been 
defined. Recent work by Benge, Franciosa,”* Port,4 | 
Conn,’ and their co-workers has shown that resting left 
ventricular function correlates poorly with exercise 
performance. The present study was performed to 
correlate indexes of central and peripheral cardiovas- 
cular function measured at rest and during exercise with 
maximal upright bicycle exercise performance. 
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FIGURE 12. Relation between proportional change In oxygen con- 
sumption from rest to maximal exercise (Mets) and proportional change 
In heart rate (Max Ex/, HR) for normal subjects (open circles) and pa- 
tients with left ventricular failure (closed circles). Correlations are seen 
for both groups. 


Methodology: Oxygen consumption during maximal 
dynamic exercise involving at least 50% of total muscle 
mass is a measure of the functional capacity or reserve 
of the cardiovascular system.®® Failure of the VOz to 
rise with increasing work loads®!° has been used as 
‘objective evidence that maximal oxygen delivery and 
extraction have been achieved; however, such a plateau 
in the relation between VO, and work load frequently 
is not attained in patients with cardiac dysfunction.1}-12 
The ventilatory responses to metabolic acidosis are al- 
ternative indexes that maximal or near maximal oxygen 

-consumption has been achieved.5® Anaerobic end- 
points of exercise can be calculated from measurements 
of ventilation, oxygen consumption, and carbon dioxide 
production, as described by Wasserman and Mcllroy.5 
Subjects in the present study all achieved maximal or 
near-maximal exercise performance as defined by ex- 
ercise to or.above an anaerobic threshold. 

For the purpose of analysis, exercise performance was 
expressed as a proportional change in oxygen con- 
sumption from rest to exercise, defined as Mets, rather 
‘than an absolute maximal VO, measurement. Propor- 
tional changes in multiple variables of central and pe- 
ripheral cardiovascular function from rest to exercise 
were thus related to Mets. 

The measurement of ejection fraction by equilibrium 
radionuclide angiography is well established.15-15 Sev- 
eral investigators'®.!” estimated left ventricular volumes 
by relating background-corrected counts in the left 
ventricular region at end-diastole to ventricular volume 
as determined by cardiac catheterization. Because 
variable tissue attenuation of radioactivity within the 

. ventricular chambers may influence such measure- 
ments, we chose to use relative changes in left ventric- 
ular counts as a measurement of volume changes be- 
tween rest and exercise. These measurements are in- 
dependent of variable tissue attenuation but are de- 
pendent on the precision of measuring background- 
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‘corrected end-diastolic counts. Duplicate measurements 


in the present study demonstrated a high degree of re- 


-producibility for the estimations. The validation of this 


approach for examining changes in ventricular volume, 


cardiac output, and A-VO. during exercise is supported 


by studies in which noninvasive and direct measure- 
ments were made simultaneously in patients with left 
ventricular dysfunction. 

Determinants of maximal exercise performance: 
Normal subjects: Cardiac output in normal subjects 
increases linearly with oxygen consumption, the in- 
crease varying 3- to 5-fold between rest and maximal 
exercise.8,9.12,18-22 Heart rate appears to be the major 
contributor to the linear increase in cardiac output be- 
cause increases in stroke volume reach a plateau at 


submaximal work loads.®19.2 The maximal change in 


stroke volume during exercise is a function of muscle 
mass and body position. Thus, Mitchell et al? reported 
an approximate doubling in stroke volume during 
maximal treadmill exercise, whereas Clausen et al!%?8 
observed a 30% increase in the stroke volume during 
maximal leg exercise on a bicycle ergometer. Only slight 
increases in stroke volume may occur during maximal 
arm exercise./® Studies reporting no change or a mini- 
mal increase in end-diastolic volume during exercise”*"4 
suggest that increases in stroke volume during exercise 
result from increases in ejection fraction. 

Arteriovenous oxygen difference may increase as 
much as 3-fold in normal young subjects during maxi- 
mal treadmill exercise; Mitchell et al?° noted an increase 
in A-VOz which averaged 2.2 in normal young subjects 
at maximal treadmill exercise. The effect. of physical 
training on the ability to widen A-VO2 appears small: 
Clausen? reported that physical training increased 
maximal oxygen consumption by 17 to 18% in normal 
middle-aged volunteers; approximately 50% of the in- 
crease was attributed to a widening of the A-VOp. 

Data from our group of normal subjects are consistent 
with the preceding observations. Analysis of group data 
demonstrated increases in heart rate, systolic blood 
pressure, count output, and A-VOz, with increasing work 
load. Statistical analysis demonstrated correlations 
between proportional change in heart rate, count output 
and A-VOz from rest to exercise, and the proportional 
change in oxygen consumption (Mets). The correlation 
between Mets achieved and the A-VO% response indi- 
cates that variable oxygen extraction .was a determinant 
of the variable exercise performance. This is consistent 
with the expected variability in physical conditioning 
among these subjects. 

Patients: As observed by Franciosa et al? and Epstein 
et al,/? maximal oxygen consumption was markedly 
lower in our patients than in normal subjects. There was 
considerable variability between individual patients; 
although each patient exercised to an anaerobic end- 
point, the proportional change in oxygen consumption 
at maximal exercise varied from 2.2 to 5.5 Mets. There 
was also considerable overlap of maximal oxygen con- 
sumption between normal subjects and patients with 
reduced ventricular function. The overall reduction in 
maximal oxygen consumption in patients resulted from 


a reduced maximal count output, because proportional, 
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on 


-changes in A-VO2 were comparable in normal subjects 

and patients. Reduced count output in turn appeared 
to result from a lower maximal heart rate and smaller 
increases in stroke counts during exercise; mean stroke 
counts increased 27% in normal subjects compared with 
12% in patients. These findings are similar to those of 
Epstein et al,!2 who measured cardiac output, stroke 
volume, oxygen consumption; and A-VOz by cardiac 
catheterization during treadmill exercise in normal 
subjects and patients with functional class I to IM heart 
failure. Compared with normal subjects, patients 
demonstrated lower maximal oxygen consumption, 
cardiac index, stroke volume, and heart rate. Despite 
a lower pulmonary arterial'saturation at maximal ex- 
ercise in patients than in normal subjects, maximal 
A-VOz2 and the proportional change in A-VOz from rest 
to exercise were similar in the 2 groups. 

The present study provides additional information 
regarding the relation between indexes of central and 
peripheral cardiovascular function and the variable 
exercise capacity seen in patients with left ventricular 
dysfunction. Regression analyses demonstrated positive 
correlations between proportional changes in count 
output, A-VOz, and heart rate and proportional changes 
in oxygen consumption. Multivariable analysis con- 
firmed these findings and suggested approximately 
equal influences from count output and A-VO>». The 
patients demonstrated a wide range of resting ventric- 
ular dysfunction. As observed by others,! +? there was 
essentially no correlation between resting ejection 
fraction and maximal oxygen consumption. Previous 
studies have not determined whether changes in ejec- 
tion fraction during exercise contribute to the variable 
maximal exercise consumption. In the present study, 
neither the ejection fraction during exercise nor the 
proportional change in ejection fraction correlated with 
maximal oxygen consumption. There was no correlation 
-between changes in either stroke counts or end-diastolic 
counts and maximal oxygen consumption. 

As in normal subjects, the major cardiac determinant 
of variable exercise performance in patients was heart 
rate. Previous investigators have noted an attenuated 

‘heart rate response to exercise in certain patients with 
left ventricular failure!25 and have suggested that 
impaired autonomic function is responsible. This 
finding is supported by experimental data?® and is 
consistent with our finding of reduced blood pressure 
response to exercise in these patients. The attenuated 
heart rate response in our patients was not age related, 
~ nor was it secondary to inadequate exercise performance 


because comparable anaerobic end-points were. 


achieved in all patients. 

The results of the present study confirm that patients 
with severe left ventricular dysfunction usually have a 
lower exercise capacity than normal subjects. Such 
patients have a low resting ejection fraction and a di- 

-minished ejection fraction response to exercise; many 
also have an inadequate chronotropic response to ex- 
ercise. However, occasionally normal or near-normal 
exercise performance may be achieved by maintaining 
a normal cardiac output response through compensa- 

« tory increases in end-diastolic volume or heart rate. The 


highly variable exercise performance among these pa- 
tients is related predominantly to the variability in 
heart rate and A-VOz responses during exercise rather 
than to differences in the ejection fraction at-rest or 
exercise or changes in stroke volume during exercise. 


Acknowledgment: We thank Jean Wilson, Cindy Baker, 
and Maggie Wilson for their technical assistance, Medical 
Media Production Service for photographic assistance, Kerry 
Lee, PhD, from the Department of Biostatics for assistance 
with the atatistical analysis, and Cathie Collins for secretarial 
assistance. 


References 


1. Benge W, Litchfield RL, Marcus ML. Exercise capacity In patients with 
severe left ventricular dysfunction. Circulation 1980;61: 955-959. 

2. Franclosa JA, Ziesche S, Wien M. Functional capacity of patients with 
chronic left ventricular fallure. Am J Med 1979;67:460--466, 

3. Franclosa JA, Park M, Levine B. Lack of correlation between exercise 
capacity and Indices of resting left ventricular performance In heart fallure. 
Am J Cardiol 1981;47:33~39. 

4, Port S, McEwan P, Cobb FR, Jones RH. Influence of resting left ventricular 
function on the left ventricular response to exercise in patients with coronary 
artery disease. Circulation 198 1;63:856-863. 

5. Wasserman K, Mcilroy MB. Detecting the threshold of anaerobic metab- 
olism in cardiac patients during exercise. Am J Cardiol 1964;14:844— 
852. 

6. Wasserman K, BJ, Exercise physiology in health and disease. Am 
Rev Resp Dis 1975;112:219-249. 

7. Conn EH, Wiliams RS, Wallace AQ. Exercise responses before and after 
physical conditioning In paoms with severely depressed left ventricular 
function. Am J Cardlo! 1982;49:296-300. 

8. Rowell LB. Human cardiovascular adjustments to exercise and thermal 
stress. Physlol Rev 1974;54:75-159. 

9. Mitchell JH, Sproule BJ, ‘Chapman CB. The lological meaning of the 
maximal oxygen Intake test. J Cilin Invest 1958;37:534--541. 

10. Taylor HL, Buskirk E, Honschel A. Maximal oxygen Intake as an objective 
mpasurg of cardio-resplratory performance. J Appl Physiol. 1955;8:73- 


11. Chapenain CB, Mitchell JH, Sproule BJ, Poter D, Willams B. The maximal 
oxygen intake test in patients with predominant mitral stenosis: a preop- 
erative and postoperative study. Circulation 1960;22:4—13., 

12. Epstein SE, Belser GD, Stampfer M, Robinson B, Braunwald E. Charac- 
terization of the circulatory response to maximal upright exercise in normal 
subjects and patients with heart disease. Circulation 1967; 35:1049- 
1082. 

13. Green MV, Brody WR, Douglas MA, Redwood DR, Balley JJ, Johnston GS. 
Count rate measurement of left ventricular ejection traction from gated 
scintigraphic images (abstr). J Nucl Med 1976; 17:557. 

14. Burow AD, Strauss HW, Singleton R, Pond M, Rehn T, Palley IK, Griffith 
LC, Nickolot E, Pitit B. Analysis of left ventricular function for multiple gated 
acquisition cardiac blood pool imaging: comparison to contrast 
Circulation 1977;58: 1024-1028. 

15. Swain JL, Morris KG, Bruno FP, Cobb FR. Comparison of multigated ra- 


dionucilde with ultrasonic sonomicrametry over a wide 
of ventricular function in the consclous dog. Am J Cardiol 1980;46:976- 
982. 


16. Slutsky R, Karfiner J, Ricci D, Kaiser A, Pfisterer M, Gordon D, Peterson 
K, Ashburn W. Left ventricular volumes’ by gated equilibrium radionuclide 
anglography: a new method. Circulation 19 '9;60:556-564, 

17. Dehmer GJ, Lewls SE, Hillis LD, Twelg D, Falkoff M, Parkey RW, Witerson 
JT. Nongeometric determination of left ventricular volumes from equilibrium 
blood pool scans. Am J Cardiol 1980;45:293-300. 

18. Hossack KF, Bruce RA, Green B, Kusumi F, DeRouen TA, Trimble S. 
Maximal cardiac o ut during upright exercise: approxlmate normal 
standards and variations with coronary heart disease, Am J Cardiol 
1980;46:204-212. 

19. Causen JP. Circulatory adjustments to dynamic exercise and effects of 
physical training In normal subjects and patients with coronary artery dis- 
ease. Prog jovasc Dis 1976; 18:459-496. 

20. Mitchell JH, Blomqvist G. Maximal oxygen uptake. New Eng! J Med 
197 1,284: 1018-1022, 

21. Thadani U, Parker JO. ics at rest and during supine and sitting 
bicycle exercise In normal subjects. Am J Cardlol 1978;41:52~59. 

22. Rerych SK, Scholz PM, Newman GE, Sabiston DC, Jones RH, Cardiac 
function at rest and during exercise in normals and patients with coronary 
heart disease: evaluation of radionuclide anglocardlography. Ann Surg 
1978; 187:449--464, 

23. Clausen JP, Klausen K, Rasmussen B, Trap-Jensen J. Central and pe- 
ripheral circula changes after tralning of the arms or legs. Am J Physiol 
1973;225:675-682., 

24. Slutsky R, Karliner J, Ricci D, Schuler G, Pfisterer M, Peterson K, Ashburn 
W. Response of left ventricular volume to exercise In man assessed by 


radionuclide equilibrium an raphy. Circulation 1979;60:565--57 1. 
23. Goldstein RE, Belser GD, Stampfer M, Epstein SE. Impairment of auto- 
nomically mediated rate control in patients with cardiac dysfunction. 


Circ Res 1975;36:57 1-578. 
26. Spann JF Jr, Chidsey CA, Braunwald E. Reduction of cardiac stores of 
norepinephrine in experimental heart failure. Sclence 1984;145:1439- 


1 


E i 
} 
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Many patients with coronary artery disease (CAD) - 


in whom ventricular tachycardia (VT) develops have 


transmural scars or frank aneurysms. However, only `- 


a minority of patients with ventricular aneurysms go 
on to develop VT. To determine which factors are 


associated with the development of VT.in patients - 


. with aneurysms, we retrospectively reviewed the 
records of 154 patients with CAD and segments of 
akinesia or dyskinesia, or both, on left ventriculog- 

.raphy. Of the 154 patients, 85 had 24-hour Holter 
monitoring or 48 consecutive hours of continuous 
electrocardiographic monitoring In an intensive care 


unit within 6 months of catheterization. VT occurring — 


_ at least 10 days after myocardial Infarction (Ml) or 
In the chronic phase was recorded in 19 patients 


Previous studies in patients with CAD and VT indicate 
that tachycardia often arises in the setting of multivessel 


disease and ventricular aneurysm.!-5 However, VT . 


develops in only a minority of patients with ventricular 

‘aneurysms.’° The factors responsible for the devel- 
` opment of this tachycardia in the presence of ventric- 
ular aneurysm have not been determined. 

This study retrospectively reviews the clinical, he- 
modynamic, and angiographic characteristics of .85 
patients with ventricular aneurysm secondary to CAD. 
In 19 of the 85 patients ventricular tachycardia devel- 


oped during Holter or intensive care unit monitoring. 


‘Characteristics of the patients with VT were compared 


with those of’ patients without evidence of this ar- 


‘rhythmia. 
Methods 


` The records of 708 patients who underwent coronary arte- 
riography and biplane left ventriculography at Mount Sinai 
Hospital in 1979 were retrospectively reviewed. Catheteriza- 
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(Group I); the remaining 66 patients did not have VT 


(Group Il). The clinical, hemodynamic, and angio- 


graphic characteristics of these 2 groups showed 
- no significant difference with respect to age, time 


from first transmural MI to catheterization, con- 
gestive heart fallure (CHF), ejection fraction, or 
presence of dyskinesia. Patients with VT had sig- 
nificantly larger aneurysms and:a higher prevalence 
of septal akinesia or dyskinesia. However, stepwise 
discriminant analysis revealed septal akinesia or 
dyskinesia to be the only Independently significant 
variable distinguishing the 2 groups. Thus, septal 
Involvement appears to be a major determinant of 
VT in patients with CAD and ventricular aneu- 
rysm, 


tion was accomplished by the Sones or Judkins technique and 


included selective coronary arteriography, right and left an- 
terior oblique left ventriculography, measurement of left 
ventricular end-diastolic pressure, and calculation of the 
ejection fraction of the left ventricle in the right anterior 
oblique plane. Patients without a left anterior oblique plane 
ventriculogram were excluded from this study. CAD was 


- diagnosed when at least 1 major coronary artery had a-stenotic 


lesion causing 250% reduction in luminal diameter. Ven- 


. tricular aneurysm was diagnosed when either right anterior 


oblique or left anterior oblique left ventriculography, or both, 
demonstrated a segment of akinesia or dyskinesia involving 
210% of the total diastolic perimeter.!° Because most aneu- 
rysms did not bulge from the residual myocardial segments 
in diastole, the silhouettes of the left ventricle in systole and 
diastole were superimposed so as to allow approximation of 
the length of the aneurysmal segment in diastole. Once ob- ° 
tained, this length was expressed as a percentage of the total 
diastolic perimeter in a manner similar to that described by 
Field et al.!! Five possible locations of aneurysmal segments 
were identified: anterior, apical, and inferior from the right ' 
anterior oblique view and septal or posterolateral from the left 
anterior oblique plane. In addition, aneurysmal segments were 
described as either peeling or having lost their trabecula- ` 
tions. 

A ventricular angurysm was found in 154 patients with 


CAD. The complete inpatient chart, the catheterization re- 
‘port, and the attending physician’s office chart of these 154 


patients were reviewed. Within 6 months of catheterization, 
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TABLE! Clinical Characteristics 


Group | Group Il 
(VT) (No VT) p 
e 

Age (yr) 53 11 58 + 11 <0,05° 
Males (%) 79 NS 
Previous Mis (n) 1.2 + 0.4 1, h 4 0.7 NS 
Days between first MI 1,515 + 321 1,743 + 413 NS 

and catheterization 
CHF (%) 32 27 NS 
C manay (chest X-ray) 47 30 NS 

( 
Q waves on ECG (%) 100 92 NS 
Diabetes mellitus (%) 16 21 NS 
Hypertension (%) 21 38 NS 
Hyperlipidemia (%) 21 17 NS 
Smoking (%) . 53 47 NS 
„Active angina (%) . 32 82 <0.00017 





* Difference does not remain significant after stepwise discriminant 
analysis. t Difference remains significant after stepwise discriminant 
analysis. ECG = electrocardiogram; NS = not significant. 


85 patients had either 24-hour Holter monitoring (26 patients) 
or continuous electrocardiographic monitoring in an intensive 
care unit for at least 48 consecutive hours (59 patients). This 
study is based on the characteristics of these 85 patients. 
VT (3 or more consecutive ventricular ectopic beats) oc- 
curred in 19 patients at least 10 days after MI or in the chronic 
phase of ischemic heart disease (Group I). Sixty-six patients 
had no ventricular arrhythmias or ventricular arrhythmias 
other than VT such as isolated premature contractions or 
bigeminy (Group II). Patients with VT during the acute phase 
of MI or during an episode of transient MI, digoxin toxicity, 


or significant electrolyte or metabolic derangement were ex-. 


cluded from the analysis. 


- Clinical, hemodynamic, and angiographic characteristics. 


were recorded in each of the 85 patients. The clinical variables 
recorded were age, sex, history of diabetes mellitus, hyper- 
lipidemia, hypertension, cigarette smoking, presence of active 
angina, number of previous MIs, time from first MI to cath- 
eterization (an indirect estimate of the age of the aneurysm), 
presence of clinical signs and/or symptoms of CHF, cardio- 
megaly by chest X-ray, and presence of pathologic Q waves 
on the electrocardiogram. The hemodynamic variable re- 
corded for each patient was left ventricular end-diastolic 
pressure. The angiographic variables studied were the per- 
centage of stenosis and location of obstructions in each major 
coronary artery. Patients with disease of the left anterior de- 
scending artery were further classified as having the stenosis 
before or after the first septal perforator. In addition, the total 
number of vessels with 250% stenosis was recorded for each 
patient. Data derived from left ventriculography included 
calculation of ejection fraction and identification of any aki- 
netic and dyskinetic segments, percentage of perimeter in- 
volved, location of aneurysmal segments, and presence or 

‘absence of trabeculation in the endocardial surface of the 
aneurysm. 

Of the 19 patients in Group I, 2 were receiving digoxin alone, 
6 digoxin and a diuretic, and 11 an antiarrhythmic drug 
(quinidine in 7, pronesty] in 3, and Norpace in, 1). In Group 
I, 3 patients were receiving digoxin alone, 4 a diuretic agent 
alone, and 20 digoxin and a diuretic drug. The small number 
ef patients within each of these subgroups precluded mean- 
ingful comparisons. , 

Statistical methods: The characteristics of the patients 
with VT were compared with those of patients without VT. 
The 2 groups of patients were compared for all continuous and 
discrete variables using ¢ and chi-square tests, respectively. 


TABLE II Hemodynamic and Coronary Arterlographic 





Characteristics | 
Group | Group Il 

(VT) (No VT) p 
LVEDP (mm i 19+7 218 NS 
RAO ejection fractlon (%) 48415 ° 49+ 18 NS 
LMCA (mean % narrowing) 8+ 18 17+ 32 NS 
RCA (%) 79432 85+ 28 NS 
Circumflex (%) 444 39 69+32 <0.006* 
LAD (% 81+ 31 83 + 28 NS 
LAD stenosis before 47 41 NS 

first septal (%) 


Vessels 19405 2340.7 0.03 
with 250% stenosis {n} 


* Difference remains significant after stepwise discriminant analysis. 
t Difference does not remain significant after stepwise discriminant 
analysis. LAD = left anterior descending artery; LMCA = left main 
coronary artery; LVEDP = left ventricular end-diastolic pressure; NS 
= not significant; RAO = right anterior oblique; RCA = right coronary 


A p value 20.05 was considered not significant. A stepwise 
discriminant analysis was performed to determine which 
variable best discriminated between the 2 groups. . 

The data analyzed were derived from the subset of 85 pa- 
tients who met the qualifying criteria on the basis of biplane 
angiography, electrocardiographic monitoring, and so forth. 
Inferences based on these data are made with some reserva- 
tion. In addition, given our sample size, the power of our 
method to detect as significant a difference of 20% between 
the 2 groups, was about 65%, that is, the beta error was ap: 
proximately 35% at an alpha of 5%. 


Results 


General population: In Group I, VT occurred in the 
late hospital phase of an acute MI in 5 patients and in 
the chronic phase in 14 patients. Recurrent sustained 
VT was documented in 3 patients, recurrent nonsus- 
tained VT in 9, and an isolated episode of nonsustained 
VT in 7. Three patients in Group I had an episode of 
ventricular fibrillation in addition VT. ; 

In Group II, 2 patients had frequent ventricular 
premature contractions (>15/h) with rare couplets, 5 
had frequent ventricular premature contractions with 
occasional runs of bigeminy or trigeminy, and 54 had 
infrequent multiform or uniform ventricular premature 
contractions, or both. Five patients had no ventricular 
arrhythmia. 

Clinical characteristics: The clinical characteristics 
of the 2 groups of patients are compared in Table I. 
There was no significant difference between Groups I 
and II with respect to sex, number of previous MIs, time 
between the first MI and cardiac catheterization, 
presence of CHF, cardiomegaly on chest X-ray, or the 
presence of Q waves on the electrocardiogram. In ad- 
dition, there was no significant difference between the 
2 groups with respect to a history of diabetes mellitus, 
hypertension, hyperlipidemia, or smoking. However, 
patients in Group I were significantly younger than 
those in Group H, although this difference did not re- 
main significant after stepwise discriminant analysis. 
Patients with VT had a significantly lower prevalence 
of active angina at the time of study. 
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TABLE IlI Characteristics of the Aneurysmal Segments 


kdentified by Left Ventriculography 
_ Group! Group I! 
Vn (NoVT) p 


Size of aneurysm 4012 32414 <0.02* 


(mean % of perimeter) 


Akinesla (%) 100 95 NS 
Dyskinesla (%) 47 28 NS 
Septal akinesia or dyskinesia (%) 89 42 <0.002T 
Anterior akinesia or dyskinesia (%) 53 32 NS 
Apical, akinesia or dyskinesia (%) 79 64 NS 
Inferior akinesia or dyskinesia (%) 47 67 NS 
Posterolateral akinesla or 5 3 NS 
dyskinesla (%) 
Trabeculations preserved (%) 0 8 NS 


* Difference does not remain significant after stepwise discriminant 
analysis. t Difference remalns significant after stepwise discriminant 
analysis. 


. Hemodynamics and coronary arteriography: The 
hemodynamic and coronary arteriographic character- 
istics of the 2 groups are shown in Table II. There was 
no significant difference between Groups I and II with 
respect to left ventricular end-diastolic pressure or right 
anterior oblique ejection fraction. The mean left ven- 
tricular end-diastolic pressure was elevated in both 
groups, and the mean ejection fraction was slightly de- 
pressed in both. 

Coronary arteriography revealed that patients in 
Group I had a significantly smaller number of vessels 
with > 50% stenosis (1.9 + 0.5 versus 2.3 + 0.7, p = 0.03). 
This difference was observed because patients in Group 
Thad a significantly lower mean percentage of narrow- 
ing of the circumflex artery than did patients in Group 
Il (44 + 39% versus 69 + 32%, p <0.006). No significant 
difference between the 2 groups was detected with ref- 
erence to the other coronary arteries. The frequency 
with which significant stenosis of the left anterior de- 
scending artery occurred before the first septal perfo- 
rator did not differ significantly in the 2 groups. 

Left ventriculography: The characteristics of the 
aneurysmal segments in both groups as identified from 
the left ventriculogram are shown in Table III. The 


mean size of the aneurysms, measured as a percentage . 


of the diastolic perimeter, was significantly larger in 
patients in Group I than in Group II (40 + 12% versus 
32 + 14%, p <0.02); however, this difference. did not 
remain significant after stepwise discriminant analysis. 
A higher percentage of patients in Group I had dyski- 
netic segments; however, this difference did not reach 
statistical significance. Akinesia or dyskinesia occurred 
with a significantly higher frequency in the septal region 
in Group I patients (89 versus 44%, p <0.002). No sig- 
nificant differences were detected with respect to the 
other 4 locations. Eighty of the 85 patients had aneu- 
rysmal segments without normal endocardial trabecu- 
lation; the 5 patients with preserved endocardial tra- 
beculation were all in Group IL. 

' Stepwise discriminant analysis revéaled that septal 
involvement was the most important variable differ- 
entiating Group I from Group II. The second most im- 
portant factor was the difference in the degree of cir- 
cumflex disease. 


Discussion 


VT in the setting of CAD and ventricular aneurysm 
was first described in 1934.1213 Since then, a close as- 
sociation between malignant ventricular arrhythmias 
and ventricular aneurysm has been well establish- 
ed.1-%14-16 Despite these observations, however, only 
a minority of patients with ventricular aneurysm appear 
to develop VT.7-9 Factors that predispose certain pa- 
tients with aneurysms to VT are yet to be identified. 

Previous work by our group showed that certain 
electrophysiologic abnormalities differentiated patients 
with aneurysm and VT from those with aneurysms 
without VT.” In the present study we examined clini- 
cal, hemodynamic, and angiographic characteristics to 
identify additional variables that might predispose a 
patient with aneurysm to VT. None of the clinical or 
hemodynamic characteristics we evaluated were able 
to distinguish between patients with and those without 
VT. Patients with VT had a lower incidence of active 
angina and less severe CAD secondary to less severe 
disease in the circumflex artery. 

Septal akinesia or dyskinesia was the most tapout 
angiographic variable differentiating between the 2 
groups of patients. Septal involvement correctly iden- 
tified 89% of the patients with VT, whereas 58% of the 
patients without VT did not have septal involvement. 

In a review of 109 patients with ventricular aneurysm 
secondary to CAD, Rochemaure et alë found that 8 of 
39 patients (21%) with large aneurysms (>6 cm in di- 
ameter at autopsy) had VT. In contrast, only 1 of 48 
patients (2%) with a medium or small aneurysm devel- 
oped VT. Mourdjinis et al? observed that 6 of 10 pa- 
tients with “large” aneurysms developed malignant 
ventricular arrhythmias, whereas none of the 29 pa- 
tients with “minor” aneurysms developed malignant 
arrhythmias. In agreement with the findings of these 
investigators, our patients who had VT tended to have 
larger aneurysms. than did patients without tachycardia. 
However, the size of the aneurysm did not distinguish 
between the 2 groups once septal involvement was taken 
into account in the multivariate analysis. Although 
septal akinesia or dyskinesia frequently occurs in the 
presence of a large aneurysm, ‘3 patients had large an- 
eurysms that did not involve the septum and none ap- 
peared tohave VT. `> 

The importance of the location of aneurysmal seg- 
ments was apparent in a previous study by Wiener et 
al.” All of their patients with ventricular aneurysms-and 
VT had fragmented activity along the septal border 
zone of their aneurysm. In contrast, fragmented activity 
along the septal border was rarely observed in their 
patients with aneurysms who did not have VT. Ho- 
rowitz et al!8 identified the septum as the source of 
sustained VT in almost half of their 29 patients oper- 
ated on for this arrhythmia. Our finding of a signifi- 
cantly higher incidence of septal akinesia or dyskinesia 
in patients with clinically identified VT is consistent 
with these mapping studies. Septal involvement may 
be important in the development of ventricular ar- 
thythmia because of the high density of Purkinje fibers 
in the ventricular septum. Alternatively, because the 


septum usually receives a dual blood supply, some 
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muscle or Purkinje fibers rendered ischemic by occlu- 

sion of 1 coronary artery may be maintained by flow 

from.the other coronary artety and become a focus of 
_ electrical instability. 

_ Septal involvement occurs frequently in patients with 
CAD. and ventricular aneurysm. Of our original cohort 
of 154 patients with aneurysms, 40% had septal scars. 
Indeed, 42% of our patients without VT had septal in- 

_ volvement. Some of these patients may have had VT 
that we were unable to detect. Patients were monitored 
-at different times in the course of their disease, in ad- 
dition, we relied on 48 hours of intensive care unit 

. monitoring as a substitute for Holter monitoring. Lastly, 

we now appreciate that 24-hour Holter monitoring 
might be insufficient to detect malignant ventricular 

“arrhythmias. 19:20 

Two patients with an angiographically normal sep- 
tum had VT: The correlation between angiographic and 
pathologic evidence of septal scarring is not well es- 
tablished. Patients with a small scar in the septal region 
may appear to have normal septal wall motion on an- 
giography. In addition, superimposition of the shadow 
of an apical aneurysm may obscure the septum. 
Therefore, factors in addition to septal involvement 
must be involved in the genesis of VT. 

Other than septal involvement, the only variable 
differeritiating between patients with and those without 


-VT was the degree of circumflex disease. Why patients | 


with VT generally have less severe circumflex disease 
than do patients without VT is not apparent. This may 
be'a chance observation secondary to sampling error. 
Therefore, our group of patients with VT, 89% of whom 
. have septal scars, may be biased with respect to severe 
circumflex disease. 
Recently, Bulkley et al?! suggested that endocardial 
_disease may be an important variable differentiating 
patients with aneurysms in whom VT develops from 
‘those in whom it does not.18 Specifically, VT developed 
in 10 of 13 patients with endocardial fibroelastasis and 
little or no mural thrombus, whereas VT developed in 
. only 2 of 10 patients with mural thrombus. Our study 
` did not review pathologic data. 

Clinical implications: Analysis of the clinical, he- 
modynamic, and angiographic characteristics of 85 
patients with ventricular aneurysm suggests that septal 
involvement is a major determinant of VT. Prospective 
studies in patients with myocardial scars are needed to 
correlate angiographic observations with the develop- 
ment of ventricular arrhythmias. Angiographic data 
from this study together with the electrophysiologic 


- observations of Wiener et al!” suggest that surgical in- 


tervention for refractory ventricular arrhythmias should 
include intraoperative assessment of the veniienlar: 
septum. 
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1e Ontario Exercise-Heart Collaborative Study was 
multicenter randomized clinical trial of high in- 
ensity exercise for the prevention of recurrent 
ocardial infarction in men. The 4-year recurrence 


_ rate among 379 patients on a program of high in- 


tensity exercise did not differ significantly from that 


ent epidemiologic studies!” have. shown that 

ysical activity is associated with a reduced incidence 

coronary disease, although the association was not 
2H 


ined as a randomized clinical trial to determine 
er a program of high intensity exercise was asso- 
C tha lower rate of reinfarction than : a program 


‘Participating Centers (all: in Ontario, Canada): McMaster University, 
Hamilton; Queen's University, Kingston; University of Ottawa, Ottawa; 
-University of Toronto and Toronto Rehabilitation Center, Toronto; 
_ University of Waterloo, Waterloo: University of Western Ontario, London; 
and University of Windsor, Windsor. This project was supported by 
Rene Grant PR263 from the Ontario:Ministry of Health, Toronto, 

’ | ript. é fag 1982; revised 


among 354 control patients on a program of light 
exercise, despite the greater reduction in heart 

in the former group. The relative odds of recurrenc: 
in the high intensity group were 1.09, with 95% 
confidence limits of 0.61 and 1.96. ; 


on the cardiovascular system, but which contr olle d for 
a possible group therapy effect seen by variot 
tigators after myocardial infarction.?! — 

The design of the study has been described in detai 
elsewhere.® Its objective was to test the hypothesis t that 
over a 4-year period a 50% reduction in the recurrence 
of infarction could be achieved by a high intensity ex- 
ercise program. Such a reduction would be of a definite 
clinical significance, and a study to test this hypothesis 
was shown to be feasible in an uncontrolled study c 
ried out by Rechnitzer et al.4 Although a smaller degree 
of reduction in the recurrence rate might be of clinical 
importance, the number of subjects required to dem. 
onstrate a positive effect would be inordinate 
large. +! pa 

The best baseline rate afr recurrence available a he 


` beginning of the trial was that of 22% reporter 


by 
Weinblatt et al!? from the HIP study in New York. 
Therefore, sample size calculations were based on de- 
tecting a 50% reduction in recurrence (from 22 to 11%), 
with a Type I error of 0.05, Type II error of 0.10, and an 
anticipated dropout rate of 35%. 

The trial began in 1972 as a 4-center collaborative 
clinical trial, but was enlarged in 1974 to include 3.ad- 
ditional centers because the observed dropout rate e 
ceeded that on which the power calculation of the - 
original design was based. The former are referred to as 
the “major” centers and the latter: as the “satellite” 2 
centers. ; 

















A total of 733 male subjects participated i in he study, 706 
patients having had a myocardial infarction between 2 and 
” 12 months and 27 patients between 13 and 17 months before 
entry. The subjects ranged in age from 26 to 56 years. 00 
‘Ali subjects had at least 2 of the following diagnostic criteria: 
pical chest discomfort, a significant increase in cardiac en- 
zyme levels (serum glutamic oxalacetic transaminase, creatine | 
hosphokinase), © or électrocardiographic chani es compatible 

h a transmural or subendocardial infarction. Additional -` 
ility criteria were the following: (1) absence of cardiac _ 
) absence of diabetes or controlled diabetes, not 
slepondent (3) diastolic blood pressure. S110 mm Hg, 


ve but ‘possibly - 
< sence of any orthopedic disability that would limit progressive — 


<- pertension, defined as 3 readings >160 systolic or 90 diastoli 





eiving antihypertensive medication: (4) ab . 


physical activity; (5) absence of significant airway obstruction 
in spirometrie measurements (FeV;/VC 260%); (6) consent 
of the family physician and a signed informed consent by each 
subject for entrance into the study. p 
_ The subjects were placed omhigh intensity exercise (HIE) 
or lowi intensity exercise (LIE) by stratifi ied random allocation. 
The stratifying variables were (1) presence or absence of hy- 










or both; (2) blue collar versus white collar employment; (3) 
presence or absence of angina; (4) Type A versus Type B be- 
havioral pattern as measured by the standardized interview 
technique o a Rosenman. 13 8g 


BLEI Characteristics at Entry of Subjects in Both HIE and LIE Groups - 















































Totals are not ot always 1 100% because of I rounding e errors. 4 Based c on the 427 sees who had 








Characteristics at Characteristics at’. 
Entry of Subjects Entry of Subjects 
in Both Groups Who Later Dropped Out 
Total HIE LIE. HIE LIE 
Randomized population 761 390 371 
: 28 11 7 a are 
733 379 354 174 159 
o 47.5 ATS 47.7 46.4 47.30 

Range 25. 9-55. 7 25.9-65.3 26.1-55.7 25,9-55.3 26.1-55.7 

terval hom infarction to entry (mo). ne : 

Median. , : 62 . 6.2 6.2 6.7 

Range. rari 2-17 2-15 2-17 

mber of infarctions previous to 

: study infarction (%} i 

: St 91.6 90.7 89.7 
ERO 6.6 73 8.0 

04 0:5 0.3 0.6 

04 0.3 0.6 0.6 

‘Unknown Ete t1 1.1 1.1 
of hospitalization for index a 

infarction (days) a 

Subjects (n) 711 367 344 170 154 

Median : 18.8 18.0 19,6 17.2 19.1 

Not hospitalized (%)t 3.0 3.2 2.8 2.3 3.1 

ratification risk factors (%)" 

31.2 30.6 31.9 32.2 33.7 
68.8 69.4 68.1 67.8 67.3 
16.2 17:7: 14.7 19.5 15.7 
83.3. 82.3 85.3 80.5 84.3 
41.6 42.2 410 46.6 ABB 
58.4 57.8 59.0 53.4 63.8. 
70.5 69.9 71:2 74.1 ITA 
ype B 29.5 30.1 28.8 25.9 22.6 °° 
noking: habit (%)* ; 

Smoker 33.5 34.6 36.4 44.3 49.7. 
moker. » 55.5. 55.4. 55.6 48.3 45.9 
smoker. 18,6 9.5 76 6.3 3.80 
MOWN. 04 05 0.3 1.1 06. 

lesterol (mg/ 100 mi)t aie $ E i 
Of st 427. Q2B eee 199. ees 98 
i ; 216. auter RIT a nie 216 oo 218 
112-316 420-3416 112-315 oe 432-316 
(mg/100 mt ee ae re 
: Pe EA in 427 228 199 © 98 iy A= as 
“181 » 150 151 156 166 
50-642 50-597 50-642 58-597 50-642 
$9.8 59.6 59.9 “ 
ee BBQ ee 26.1 29.9 
ce Ree 
; ae $ 23 
110 * 




















bin, fasting plasma glucose, cholesterol, and triglyc- 
eterminations; and a chest X-ray if one had not been 
n at the time of discharge from hospital. Table I shows 
t the baseline characteristics had very similar distributions 
he HIE and LIE groups, 


ental load test ainel out ona icycle ergomieter, 
ine the exercise prescription. A Stage II 
ite exercise test carried out on a cycle er- 
used at the major centers to determine 
putand other physiologic responses to exercise. 4 
tests were repeated at 6 months, at 12 months, and at 
-month intervals thereafter. Quality control data on the 
rcise measurements were collected regularly and the 
neasured values were found to be reproducible. 

-= For each individual, a regression equation relating heart 
“rate to oxygen uptake (4. major centers) or approximated 
oxygen uptake (3:satellite centers). was calculated by the 
_ least-squares method. The heart rate and oxygen uptake of 
1.25 liters‘min~! or 82 W (approximately 1.25 litersemin-!) 
re derived from this equation (HR; 25). In the HIE and LIE 
ups, 10 and 11% of the patients, respectively, were receiving 
ta-blocking drugs. Subjects in the HIE program on beta- 
ocking drugs were tested twice, once 48 hours after medi- 
ation was stopped to determine the training response and 
ce on medication to calculate the exercise prescription. 
_ Subjects in the LIE program were tested after medication was 

































= Training regimens: The HIE subjects (n = 379) met reg- 

ilarly for a program of endurance training. They carried out 
exercise prescription based on the subject’s graded exercise 
test results. ë The exercise prescription was calculated to give 
walking or jogging pace requiring between 65 and 85% of the 
uubject’s estimated maximal oxygen uptake. After an intro- 
uctory period of 8 weeks, the subjects were asked to sup- 
lement the supervised sessions (twice weekly in 6 centers, 
_ once weekly in 1 center) by carrying out the same exercise 
_ prescription on their own for a total of at least 4 times per 
week. Pulse counts were taken by the subjects during both the 
pervised and the unsupervised sessions to ensure reaching 

he prescribed exercise heart rate. Exercise tests were repeated 
_after 8 weeks for review of the exercise prescription; thereafter, 
exercise tests were carried out every 6 months or more fre- 
quently if clinically indicated. 
The LIE subjects (n = 354) met at least once a week for 
relaxation and supervised recreational activities such as vol- 
eyball, bowling, or swimming. The activities were structured 
produce minimal training; at least 3 pulse counts were taken 
ing each session toensure that the patient’s exercise in- 
i was not associated with a heart rate greater than ob- 
at 50% of the estimated maximal oxygen uptake. The 
d sessions in both the HIE and the LIE groups lasted 
j nately 1 hour. 

| supervised sessions included the attendance of a phy- 
n and the immediate availability of cardiopulmonary 
resuscitation equipment; exercise leaders were trained in 
: cardiopulmonary resuscitation, and rapid communication 
with ambulance services was established. 

~ Meetings of the supervisory personnel were held regularly 
scuss the regimens of the 2.groups; in addition, 1 of the 
isory personnel visited each participating center an- 































bject’s serum lipi 





a ation at entry included measurement of 
t, and skinfold thickness; electrocardiography; 


were asked to fill out an activity questionnaire at year! 


to ensure that the class format for both the HIE and’ 
Eg groups was uniform. Both HIE and LIE participants 
Ts were encouraged to stop smoking and control; 


The overall reinfarction rates in the HIE and LI 
level was abnormal, he was __ 


groups s were 14. 2 an 13. 0%, teapective 
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FIGURE 1. Cuita dropout rates by month in HIE and LE: : 
over the nye intervention period. 





































informed and advised to see his family physician. A stan 
letter to the physician reported cholesterol and triglyce 
values and included suggestions for appropriate dietary 
trol. 
There was no obvious eontsinination of the 2 groups. 
though in some instances the instructors were common to. 
groups, the HIE and LIE groups met on separate occas 
and took little interest in each other’s activities. All su 


tervals. Samplings of these questionnaires showed that 
proportion of LIE subjects: who were engaging in Teg | 
vigorous exercise was less than 5%: : 

Follow-up study: Each follow-up sdecsueneab included an 
interim clinical history, a 12-lead resting electrocardiogrs 
and an exercise test. Of the 733 eligible subjects who enter 
the study, the potential follow-up period was 4 years in 
subjects, 3 to 4years in 225 subjects, and 2 to 3 years i 
subjects. The mean fallpwaap period for all subjects w | 
years.: 

Patients who failed to appear for. 3 conseciitive aot 
sessions were contacted by telephone and encouraged to 
tend. If a patient did not attend a single session for 8 wee! 
he was normally considered a dropout and was noti 
Thirty-two subjects with coronary bypass and 3 who died fr 
noncorenary disease were not classified as dropouts, becar 
these reasons had no bearing on the subject's willingness 
continue in the study, 

The overall dropout rate was 45.4% (45.9% in the HIE 
44.9% in the LIE group). The characteristics on entry of the 
subjects who stibsequently dropped out were similar to th 
of the groups to which they were originally allocated (T 
I). The cumulative life table presentation (Fig. 1) der 
strates that most of the subjects who dropped out did so in 
first year of the study. At the conclusion of the study, dropo 
were traced to ascertain whether reinfarction had occur 
Reported recurrences were verified from medical records 
the study criteria for infarction. Of the original 733 pa’ 
entered into the study, 92. 4% were successfully traced. 


Results 


The number of fatal and nonfatal reiiifarotions $ int 
HIE group were 15 and 39, respectively, and in the LIE 
group, 13 and 33. Thus, the proportion of fatal re 
farctions in the 2 groups (27.8% in the HIE and 28.3% 
in the LIE group) was very similar. Because the numbe: 
of fatal reinfarctions was small, they were combine: 
with nonfatal reinfarctions in the analyses of outcome 





_ In the Group to Which They Were Allocated 








- -Lite Table Comparison of Reinfarction Experience in High and Low w Intensity Exercise Groups, Intuding Dropouts : - 














Curnulative Results 
Life Table Probability Relative Odds 
Reinfarctions* of Reinfarction of Reinfarction 
Group n in Follow-Up Year (n) Before End of Year in HIE/LIE Groups 
HIE 379 16 0,04 0.93 
LIE 354 16 0.05 
HIE 353 22 0.10 1.50 
LIE 330 8 0.07 
HIE 296 9 0.13 1.18 
LIE 283 14 0.11 
HIE 189 3 0.14 1.097 
LIE 187 6 0.14 








T: Four reinfarctions in the HIE and 2 in the LIE group are not shown in this table because they occurred in the last fractional year of follow-up 


study for the subject involved. '? To recapture this information, the analysis was redone using months rather than years as the follow-up interval. 
This analysis yielded virtually identical results. 95% confidence limits, 0.61 to 1.96. ; 





- Table I gives the outcomes for the HIE and LIE 
groups calculated by a life table method.!” The cumu- 
tive life table reinfarction rates are plotted in Figure 
At each year of follow-up study, the outcome for LIE 

as, with 1 exception, slightly better than that for HIE. 

At the fourth year of follow-up study, the relative odds 
ratio of reinfarction in the HIE group was 1.09. The 
lower 95% confidence limit for this odds ratio is 0.61,18 
corresponding to a reduction of 39% in the risk of rein- 

arction. 

he question arises as to whether the HIE group 
thieved the intended degree of cardiovascular training. 
he heart rate reduction at 1.25 liters-min-! at the end 
year was 5.2 + 15.91 in the HIE group and 2.0 + 
.70 in the LIE group. At the end of 4 years the heart 
te reduction was 10.2 + 13.39 in the HIE group and 
0 + 13.46 in the LIE group. Because the reduction was 
gnificantly greater in the HIE group than in the LIE 
eup at 4 years (p= 0. 01), it is reasonable to conclude 
that the exercise experience of the 2 groups was dif- 




























na ‘trial with a high rate of dropouts, the full effect 
‘an experimental intervention is bound to be diluted 
n the analysis retains dropouts in the group to which 
y were allocated. However, if an analysis were to 
clude dropouts and the results were not more favor- 
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) bjects over the raa intervention per 


able for the intervention group, it would be reasonable . 


to conclude that there was little treatment effect. to be 


diluted. This, in fact, was what we found. When the life 


tables were recalculated to exclude subjects after the 


date of dropout, the relative odds for HIE/LIE were ~ 
1.24, with 95% confidence limits of 0.66 and 2.34. A third 
life table analysis, which compared the reinfarction: 


experience in the 2 groups excluding dropouts entirely, 
resulted in a relative odds of 1.22. Although it would be 
improper to draw any conclusions about the treatment 





effect if these secondary analyses had shown an ad- - 
vantage of HIE, the absence of such an advantage 


reinforces the impression that a program of HIE had no 
specific effect in preventing reinfarction. Reinfarction 





rates among HIE droputs (11.5%) and LIE dropouts _ 


(12.6%) were very similar. 


Because this was a multicenter trial, 2 other obser- _ 
vations are relevant. The first is that no significant ©. 
differences existed in the overall rate of reinfarction 
among the 7 participating centers. The second is that 
in none of the centers was there a significant difference _ : 
between the HIE and the LIE groups in the rate of — 


reinfarction. 


Discussion 


Exercise programs have become popular for teha- z 


bilitation after myocardial infarction,’ but the justi- 
fication in terms of a reduction in morbidity and mor- 


tality is still debated. Before the inception of this study, 


reports of exercise in cardiac rehabilitation were r 
trospective, nonrandomized, or lacked stratification f 
known risk factors.42°21 The Ontario Exercise- Hea: 
Collaborative Study was designed to circumvent some 
of these problems by prospectively investigating the 











effects of exercise training using a stratified randomized oS 
allocation to treatment groups. When the trial was _ 


designed, the possibility of having an observed-only a 
control group, in addition to an LIE group, was con- 


sidered, but the available pool of subjects was insuffi- 


aM 


cient to permit a 3-group trial Therefore, it wasdecided _ 


~ to have only a placebo control group on the grounds that _ : 
Be the | primary objective w was to determine the e pecitie ef- 





y identical in the 2 groups; ihe relevant charac- 
s of dropouts were similar in the HIE and LIE 
ups (Table I), and the high follow-up rate of 92.4% 
ved identification of the reinfarction status of the 
reat majority of dropouts. 
Previous clinical trials of the role of exercise in re- 
ucing the reinfarction rate in Sweden? and the United 
së demonstrated no significant difference in 
nfarction between exercise and control groups but 
ested that there were considerable physiologic and 
sychologic benefits of the exercise regimen. A recent 
carried out in Finland’ indicated that the rate of 
udden death may be reduced in a group receiving a 
ltifactorial intervention program including exercise. 
ur results tend to confirm the observations made in 
eden® and the United States.® However, our study, 
comparing 2 different levels of exercise intensity, 
ended these observations and suggests that LIE to- 
er with the social support of group membership 
viously reported as being beneficial?! has an effect 
equivalent to that of an aggressive exercise prescription 
centered around jogging. 
hy was the rate of reinfarction lower than expected, 
advance of the trial, in both groups? Perhaps the 
dical criteria for entry, plus an element of self-se- 
on, drew into the study patients with a more fa- 
orable prognosis. The close medical supervision and 
ial support entailed in such a program might have 
been considered contributory factors. However, the low 
rrence rate in the control group of the American 
-study® in which these features were minimal makes this 
kely. 


Our results indicate that an HIE program compared. 


ne designed to produce a minimal training effect 

doe not reduce the risk of reinfarction. The lower 95% 
fidence limit for the relative odds ratio of high to low 
exercise was 0. 61, indicating that the hy- 


d 50% redaction in the risk of reinfarction is 


idered to be worth the effort and expense of 
nting an HIE: program, we would be inclined to 
| the results of this study as useful. However, if a 


lesser degree of benefit is deemed to be worth the « 
of attainment, the present study must bee con 
inconclusive. 

This study addresses the effect of exercise ont’ 
of reinfarction only. The potential long-term benefi 
this type of intervention on the quality of life rema 
to be measured. 
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MD, Norman 


Pukes, FRC Cy Roy J. Shephard, oaia and 
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redictors of Dropout From Cardiac Exercise Rehabilitation S 















The Ontario Exercise-Heart Collaborative Study was 
multicenter randomized clinical trial of high in- 
ensity exercise for the prevention of recurrent 
myocardial infarction in 733 men. Of the 678 
subjects who could have participated for at least 3 
fears, 315 (46.5 % ) dropped out. Stepwise multiple 
inear logistic regression analysis was carried out 
o examine the relation between subject charac- 
eristics and the probability of dropping out during 
he study. Analysis was performed on the entry 


group as a whole by considering those subjects who 


Ontario Exercise-Heart Collaborative Study 
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had reinfarction while complying with the program a 
and also by excluding all subjects with reinfarctions. 
The consistent and statistically significant predictors 

of dropout in both analyses were smoking and a blue 

collar occupation. Angina was significantly asso- 

ciated with dropout only when reinfarctions were _ 
excluded. It may be important to consider these | 
factors when investigating the potential for com- | 
pliance-improving Strategies in reducing dropout 
from exercise rehabilitation programs. S 

















Retrospective nonexperimental studies. of physical 
onditioning have suggested that exercise may reduce 
he rate of recurrent myocardial infarction.! However, 
hese studies may be flawed by membership bias and 
ther design weaknesses?; prospective clinical trials in 
hich patients were randomly allocated into exercising 
d control groups have shown little evidence of a lower 
ecurrence of myocardial infarction in the exercising 
roup than in the control group.*-® However, these 
andomized studies have been weakened by a high rate 
f dropout.2-7 

The Ontario Exercise-Heart Collaborative Study 
OEHCS) was an experimental study of the effect of 
hysical conditioning on reinfarction, in which subjects 
re stratified by risk factors and then randomized into 







e: term. exercise rehabilitation programs was 
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h and low intensit: i 8 li : 
adio MENI Orere SE ETONDS As compliance -patients had missing data related to study variables. The 
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suspected to be a potential problem, 1 objective was to > 
investigate dropout from the 2 groups. If a potential 
dropout can be identified at entry, it may be feasible to. 

initiate compliance-improving strategies. Interim ob- — 
servations on the characteristics of the potential drop- 
out in the OEKHCS have been reported’; the present. 
analysis deals with observations made between 1972, _ 
when the study was initiated, and 1979, when the study : 
was completed. 4 








Methods 


Subjects: From initial screening procedures, described 
elsewhere by Rechnitzer et al,®8 733 patients entered the 
study, of whom 678 were followed up for =3 years; 46 patients - 
were lost to follow-up for reinfarction status (because of sur- 
gical intervention or because they could not be traced) and 14 











sulting 618 cases provide the basis for the logistic regression 
analyses reported below. Variables listed in Table I were a 
alyzed for association with dropout; 3 of the variables h. 
substantial proportion of missing values (cholesterol 41% 
triglycerides 41%, ponderal index [height/weight'/*] 39%) and __ 
for these variables the mean value computed over all cases was 
substituted for missing values.* The apptoprintetiees of this ; 
procedure is discussed later. ; 
© Exercise regimens: The training regimens are described. ; 
‘elsewhere ®8 The high intensity exercise group carried out 


a 


< supervised endurance exercise at between 65 and 85% of es- __ 
ee timated m imal oxygen uptake; anbieds were asked to 





aracteristics of Subjects at Entry 








"A. Including Subjects B. Excluding Subjects 
With Reinfarction With Reinfarction 





Dropouts Compliers Dropouts Compliers 
(n= 270)* (n= 348)" (n = 244)" (n = 295)" 


_ Means {Standard Deviations) 


45.5 (6. 5)' 46.7 (6.7) 45,.4(6.5)' 46.8 (5.8) 
221. (35) 216 (39) 220(36) 215 (39) 


476 97), 160 (75) 170 (86) 160 (78) 
41(2) 41(2) 41.(2) 41 (2) 





130 (16)' 128(15) 130(16)' 128 (15) 


85 (10) 84 (9) 85 (10) 84 (9) 





Percentages 





8 6 
92 94 


5 3 
95 98 


26 34t 
74 66 


35 2st 
65 56 


26 45t 
74 55 


12 22t 
88 78 


69 74 
31 27 


56 8 
95 92 
ae "The number of subjects given at the top of the column applies to 
li variables except 2, 3, and 4, For these variables the sample size for 
yand.compliers in analysis A is 122 and 195, respectively, and 
lysis B is 112 and. 165. t Differences between dropouts and 
npliers wre significant; see Table il for detailed analysis. t Resting. 
| b/wk. ! Gough or sputum (sometimes or often). 1 Rosenman/ 
iedman ype Aor B. Ml = myocardial infarction. 





pplement the twice weekly supervised sessions by carrying 
mework on their.own at least 4 other times/week. The 
nte sity exercise group met once a week for progressive 
and supervised recreation activities structured to 
‘minimal training. All supervised sessions were at- 
a physician and cardiopulmonary resuscitation 

uipment was immediately available. 
oe T mination. of dropout: Individuals missing 8 con- 


sy), pa ii factors {lack of motivation or in- 
on problems (such as: increasing angina, | arthritig; 


i ERA The 


ial because of rein- 


“CUMULATIVE DROPOUT RATE 


"MONTHS OF FOLLOW-UP 


FIGURE 1. Month-by-month life-table cumulative dropout in the 
subjects who were Stratified and.randomly allocated to the high 
exercise group (HIE; n = 351) and to the Jow intensity exercise gr 
(LIE; n. = 327) and who were traced for reinfarction status at 

of the eae. : 


Statistical analysis: Of the 618 subjects eligible fi 
multivariate analyses,. 270 were classified. as dropo 
whom 26 subsequently had a reinfarction during the 3-ye 
observation period. Among the 348 compliers, 53 left the t : 
due toa reinfarction during the 3-year period. In order to 
duce the potential bias arising from factors related both | 
reinfarction and to dropout, 2 approaches were taken 
comparison of dropouts and compliers. . 

The first approach assumed that subjects whose rein 
tion occurred while they were complying with the 
were “forced” dropotits and were considered comp 
in this analysis, the 270 dropouts were compared 
remaining 348 subjects, including among the latter those ho 
had reinfarction while in the study. 

The second approach assumed that subjects with 
because of reinfarction should not be considered complie 
for, had the infarction not occurred, they might have J 
quently dropped out. After considering the various typ 
association that could occur among predictor variables an 
the risk of reinfarction we concluded that the potential b 
of the first analysis would be reduced most by exclud 
reinfarctions, Therefore, in this analysis 244 dropouts we 
compared with 295 compliers. 

For each of these 2 approaches, a stepwise multiple linear 
logistic regression® was performed with 3-year dropout s 
as the dependent. variable, and the 14 risk factors lis 
Table I as explanatory variables. The following compariso 
were made: (A) dropouts versus compliers (ignoring rei 
farction status among compliers), and (B) dropou 

bjects with reinfarction). T 
of anal allows: the effect of a given variable to be cale 
independently of any other variable with which it ma’ 
not.be associated... x 

Likelihood ratio tests were used in each analya to 
mine which variables were statistically significant (p < 
independent predictors of dropout. Standardized coeffi 
and 95% confidence intervals for the adjusted relativ odds 
of dropout were calculated for each of these variables: 


"Results 
Descriptive statistics for the 14 variables 
‘dros ecg 



















































ranging from 67.2 to 37.4%, with an overall dropout rate 
f 46.5% (n = 315). 

Transition was given as the reason for dropout by 
4.8%, psychosocial reasons by 39.7%, medical reasons 
xy 15.9%, and inconvenience by 5.7%; miscellaneous 
easons were given by 12.1%, and the reason for dropout 
was unknown for 1.9%. 

Multivariate analysis of 3-year dropout status: 
) Dropouts and compliers, ignoring reinfarction 
ong compliers (n = 618): Stepwise logistic regression 
howed that the proportion of smokers, blue collar 
vorkers, and subjects with cough and sputum was sig- 


<” WHITE 
COLLAR 


CUMULATIVE DROPOUT RATE (%) 








rence in dropout among the participating conters, a nificantly greater i in n dropouts than compliers: dropout 


` exercise or what was essentially a “social encounter.” _ 
Dropout may not be influenced by the prescribed ac- n 








were also significantly younger than compliers, and had 
higher resting systolic blood pressure (Table I, Fig. 2). 
Smokers were 2.46 times more likely to be dropouts than 
nonsmokers, blue collar workers 1.66 times as likely as © 
white collar workers to be dropouts, and subjects with 
cough and sputum 1.60 times more likely to be dropouts 
than those without cough and sputum (Table II). The | 
results for resting systolic blood pressure imply that an _ 
increase of 10 mm Hg is associated with an estimated _ 
relative odds for dropout of 1.13; similarly, an increase 
of 10 years in age is associated with a reduction in rela- 
tive odds for dropout to 0.72 (Table I). These results: 
assume an additive model in which the effect of a given 
variable on dropout status is the same for all values of | 
the other variables. However, although this model might 
be appropriate as a first approximation, we also exam- 
ined the interactions among the 5 main variables asso- _ 
ciated with dropout (smoking, blue collar occupation, — 
presence of cough, younger age, and higher systolic 
blood pressure). When the 10 pairwise interaction terms — 
among these 5 variables were added in a stepwise | 
fashion, a significant interaction term {p <0.05) was © 
found only between age and cough and sputum, indi- 
cating that the positive relation between dropout status. 
and cough and sputum was strongest for older men, : 
(B) Dropouts and compliers, excluding all rein- 
farction {n = 539): All 5 variables found to be inde 
pendent risk factors for dropout status in analysis A 
were also statistically significant risk factors in analysis - 
B; in addition, subjects with a history of angina were _ 
more likely to be dropouts than those without angina _ 
(Table I). Standardized coefficients, adjusted relative 
odds, and confidence intervals are detailed in Table IL. | 
An exploration of interactions among these 6 variables 
was performed in a manner similar to that for analysis 
A. The results showed that the interaction between age _ 
and cough and sputum remained statistically signifi- © 
cant; in addition, the interaction between angina and. 
systolic blood pressure was statistically significant (p 
<0.01). The positive relation between dropout status _ 
and angina was strongest for subjects with relatively . 
high levels of systolic blood pressure. 4 
Finally, since the mean substitution method of han- a 
dling missing data in these analyses may have diluted — 
the statistical significance of changes in cholesterol, | 
triglycerides, and ponderal index, the analyses were 
repeated for the subset of 317 subjects who had mea- 
sured values for all 14 baseline variables. Cholesterol, — 
triglyceride, and ponderal index remained nonsen ae 
cant in these analyses. ene 


















Discussion 


The OEHCS provided an opportunity to prospec- — 
tively investigate dropout from 2 different supervised _ 
programs of physical activity after myocardial infarc- 
tion. There was no difference in dropout between the - 
2 groups (high or low intensity exercise), suggesting that 
subjects tended to equally accept either high intensity 







tself but rath rhy other factors such as lack of 2 
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Standardized coefficient is logistic coefficient/standard error. t Analysis A (n = 618), reinfarctions ignored; analysis B {n = 539), reinfarctions 


use support, inconvenience, or program factors such 
interested staff.!° Previous trials?-5 have demon- 
S ted no significant difference in reduction of recur- 
Te myocardial infarction between exercising or control 
ubjects, perhaps because of an insufficient study 
po ulation. 5 As the OEHCS reported similar recurrence 
es in the high and low intensity groups,® the equal 
acceptance of endurance training and relaxation-rec- 
ion programming seen in this trial has important 
habilitation implications. There is evidence that the 
upportive aspects of group interaction, whether emo- 
onal, social, educational, or some other known or un- 
known factors, together with modification of coro- 
nary-prone behavior, including an increase in exercise 
abits; are important in minimizing the incidence and 
severity of complication after myocardial infarction. 
_ Thus, the long-term behavioral benefits from such re- 
bilitation programs focusing on exercise may be more 
important than physiologic changes, such as in maximal 
| oxygen consumption. 
The overall 3-year dropout rate was 46.5%, a figure 
_ considerably lower than that reported at 3 years in the 
Swedish? or at 1 year in the Finnish‘ trials, but consid- 
erably higher than that reported in the 3-year National 
Exercise Heart Disease Program (NEHDP).5 However, 
_ the NEHDP had a built-in “preliminary pre- -randomi- 
zation program of low level exercise of 6 weeks duration 
at was designed to identify and exclude likely non- 
' to the planned exercise program . . .” 5; if the 
_ OEHCS early dropouts (<3 months) are allowed for, the 
sequent. rate was similar to the NEHDP. The 
greatest rate of dropout in the OEHCS occurred within 
the first 6 months of the trial; the dropout rate de- 
creased thereafter (Fig. 1), supporting observations of 
decreasing dropout over time previously made by 
ourselves’!2 and other investigators in rehabilitation 
_ programs,®:!3.14 in preventive exercise programs! and 
health care programs in general.!6 As suggested by 
ndrew et al,!° 1 of the factors which can easily be in- 
to reduce early dropout is a regular continued 
tion program for the staff members and the con- 
> he spouse in certain aspects of 
or dropout in the OEHCS are 


Analysis A Analysis B Analysis A 
2.46 2.75 (1.73, 3.51) 
1.66 1.71 (1.18, 2.34) 
1.13 1.14 (1.02, 1.06) 

1.81 (102,253) 
0.69 (0.55, 0.95) 
156 ony 





similar to those previously reported in considerab 
more detail.1° ; 
Because recurrent myocardial infarction or 
pounded the problem of defining a dropout, we took 
different approaches to the classification of dro 
in the analysis of the data. In both analyses th 
tance of smoking and occupational status in pr 
the potential dropout corroborates earlier observations 
made in a smaller sample from the OEHCS.7!2 A 
was no interaction between smoking and occupa 
status, the relative odds for these 2 variables ma’ 
multiplied to show that the estimated odds for dro: 
are more than 4 times higher for blue collar smok 
than for white collar nonsmokers. In addition, youns 
age, higher resting systolic blood pressure, and pr 
of cough and sputum on entry were also consis 
associated with dropout. One factor, angina, w 
nificantly associated with dropout only when m; 
dial infarction was excluded (Table I). In analysis 
(myocardial infarction status ignored) patients r 
farcting while in the study were classified as complie 
Clearly this classification might obscure any true rel. 
tion of angina to volitional dropout, because angina 
frequently associated with a poor postinfarction prog- 
nosis.!7 In analysis B (reinfarctions excluded), this 
did not pertain and angina was significantly associat 
with dropout. This is not surprising, since most patien 
with angina have symptoms during exercise. While 


data suggest that subgroups with a high likel 
dropout can be identified. e 
Continued smoking after an infarction is ani 
of poor compliance with health behavior chan 
associated with dropout from exercise studies,”!2 
although this has not been an invariable finding.! 19 Wit 
regard to occupation, blue collar workers may ha 
poorer understanding both of the disease and th 
habilitation process than white collar workers”® 
they often have a greater anxiety level, possibly becau 
of concern about their ability to continue working. 
Morepver, if the blue collar worker perceives the ex 








0% of this study population and a significant, propor: 


n dropped out of the OKHCS.7.!2 This has not been 
ported in other rehabilitation programs, perhaps 
ecause white collar workers make up the majority of 

her study populations.22:23 The presence of cough or 
sputum as a predictor of dropout is somewhat more 
cult to explain but it is possible that exercise makes 
is symptom worse and thus leads to a greater rate of 
wal from the program in older men bothered by 
g on entering the study. Although it showed an 
which was independent of current smoking, this 
ymp m may indicate past smoking habits in patients 
ho gave up smoking at the time of their infarction. 
We have identified a number of characteristics that 
istinguish dropouts from compliers. The more im- 
portant appear to be smoking, blue collar occupation, 
and angina. It may be difficult to generalize from results 
observed in a randomized trial to nonexperimental ex- 
ercise programs having different motivational and 
ogrammatic features. However, the factors reported 
here should not only be given consideration when re- 
erring patients to an exercise rehabilitation program 
it also need to be kept in mind when studies to im- 
prove compliance are being designed. 
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fentricular Electrical Instability: A Predictor of 
Jeath After Myocardial Infarction 


CHARDS, FRACP, DAVID V. CODY, FRACP, ALAN R. DENNISS, MB, 
A. RUSSELL, FRACP, ALAN A. YOUNG, FRACP, and JOHN B. UTHER, FRACP 


he results of a prospective study of ventricular 
ectrical instability after myocardial infarction (MI) 
presented. Ventricular electrical stability was 
assessed using a standardized protocol of pro- 
med stimulation in 165 hemodynamically sta- 
ients 6 to 28 days after acute MI. Ventricular 
cal instability was defined as induction at 
‘ammed stimulation of ventricular fibrillation 
VF) or ventricular tachycardia (VT) lasting at least 
. seconds. Of 165 MI survivors, 38 (23%) had 
entricular electrical instability. No significant dif- 
ences were noted between stable and unstable 
atients in terms of coronary prognostic index, el- 
‘ation of serum creatine phosphokinase, coronary 
natomy, site of MI, or frequency of VT within 48 
-hours of MI. The mean follow-up period was 8 
months (range 0 to 12). 
ere were 7 deaths in stable patients (5 from 
ardiogenic shock, 1 from septicemia, and 1 un- 
fitnessed) and 10 deaths in unstable patients (8 
tantaneous, 1 from cardiogenic shock, and 1 
nwitnessed) during the subsequent year. In addi- 
on, 2 of 127 stable patients and 4 of 38 unstable 


‘The overall probability of death after acute myocardial 
nfarction (MI) is related to age, presence of previous 
Al, and left ventricular dysfunction.'-+ However, ap- 
roximately half of all deaths during the year after MI 
e sudden, +12 are due to ventricular fibrillation (VF) 
entricular tachycardia (VT),!° and are not neces- 
ociated with clinical evidence of acute myo- 

chemia or postmortem evidence of reinfarc- 


eene et alë in 1978 reported that repetitive ven- 
lar beats (1 nonstimulated ventricular beat after 
grammed stimulation with a single ventricular ex- 
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patients had spontaneous VT from which they wer 
satisfactorily resuscitated. Thus, the sensiti 
ventricular electrical. instability as a predi 
instantaneous death or spontaneous VT was 86 
and the specificity 83%. The predictive accura 
of the absence of ventricular electrical instability 
an indicator for the absence of instantaneous d 
or spontaneous VT was 98%. The predictive a 
racy of the presence of ventricular electric 

bility as a predictor of instantaneous de 
spontaneous VT was 32%. 

Thus, patients with ventricular electrical instabil 
after MI have a high risk of instantaneous deatt 
within 1 year; patients without ventricular ele 
instability after Mi have a low risk of instantaneo 
death within 1 year; prospective studies of anti: 
rhythmic therapy and measures to prevent. 
farction and optimize left ventricular. perform 
are required to determine whether instantan 
death can be prevented in unstable patients; 
therapy to prevent reinfarction and optimize | 
ventricular performance may offer the best chan 
to improve prognosis in stable patients. 


trastimulus introduced during atrial-drive) indicatec 
ventricular electrical instability!5 and predicted VT an 
sudden death after MI.!° However, the clinical signifi 
cance of repetitive ventricular beats has since bee: 
questioned ‘by several investigators,}>-!8 and co 
versy remains. regarding the predictive value of 
grammed stimulation after MI.!9 This report pre: 

a new protocol of programmed stimulation and 
definition of ventricular electrical instability. T 

of this study was to ascertain the value of ventricu 
electrical instability as a predictor of death after M 


Methods 


Ventricular electrical stability was assessed by programmed 
stimulation in 165 patients 6 to 28 days (mean 10) after. 
MI. . These patients ar er a oie of 341 consec ive 
W ; 











TABLE I Clinical Profiles of Assessed j andi Nonassessed Patients 












Nonassessed 









































tability was not assessed in 139 (nonassessed patients) of the 
emaining 304 patients, because consent for study was either 
refused or not requested (because of persistent ischemia, 
uncontrolled cardiac failure, or cardioactive medication). 

Written informed consent was obtained and the adminis- 
‘ration of all cardioactive medications ceased at least 5 days 
ofore study. Patients were postabsorptive but not sedated. 
Quadripolar electrode catheters were introduced into the right 
ventricle through femoral venipunctures. Drive trains of 8 
imuli followed by single and paired extrastimuli at twice 
diastolic threshold and 20 mA (rectangular pulses 2 ms in 
duration from a Medtronic 5325 programmable stimulator) 
ere applied at the right ventricular apex and outflow tract. 
he drive cycle length (S,-S,) was set as long as possible, 
usually about 600 ms (only 1 drive cycle length was tested), 
d single extrastimuli (S2) were introduced during diastole 
from 300 ms in 10 ms decrements to the ventricular effective 
fractory period (ERP). With paired extrastimuli, $i-S2 was 
tat ERP plus 10 ms and the second extrastimulus (S3) was 
troduced during diastole from 300 ms in 10 ms decrements 
to ventricular refractoriness. This sequence was applied first 
at the right ventricular apex and then at the right ventricular 
outflow tract in each case at twice diastolic threshold. The 
entire sequence was then repeated at 20 mA. The protocol was 
rminated prematurely if VF or VT lasting more than 10 
seconds occurred. Such patients were classified as unstable 
entricular electrical instability). All of these were converted 








NOT ASSESSED 






r FIGURE 1 Actuarial survival curves for assessed and nonassessed 





cual rates ateach i month. 


Assessed ve 
a (n= 165) {n = 139) p* 
Age yr 54 + 1 64+ 1 <0.001 
; te (%) 62 <0.001 
: Maximai CK (iU/iter) 1,649 a 121 1,232 + 108 NS o 
ae 4.0 + 0.2 6.2 +03 <0.001 
ef ear Vt in.48 hours (%) 16 13 NS 
Transmural infarction (%) 75 53 <0.001 
~ Anterior infarction (% ) 44 62 <0.02 
‘Diseased vessels (n) 1.54 0.1 1.6 0,1 NS 
ro (n = 78) (n = 22) 
Ventricular aneurysm (%). 19 14 NS 
(15/78) (3/22) 
Ejection fraction 0.55 + 0.02 0.62 + 0.14 NS 
(n = 63) (n = 19) 





a Values given are mean + standard error of the mean, NS = not significant. 


aneurysm. Ejection fractions were similar in 


~ patients. Bars indicate 1 staridard error of the mean for estimation of SS 


promptly to sinus thythm without neurologic or other se-. 
quelae. The remaining patients were classified as stable _ 
(ventricular electrical stability). a 
Ventricular electrical stability (or instability) was noted but 
not used to influence subsequent management. However, if 
a patient exhibited spontaneous VT or VF, antiarrhythmic _ 
therapy was introduced. Other data recorded before hospital 
discharge included a Norris Coronary Prognostic Index! (CPI) 
and a maximal serum level of creatine phosphokinase (CK). « 
Left ventricular ejection fractions”? were calculated from right. 
anterior oblique cineventriculograms in 82 of 100 patients who _ 
underwent ventriculography (ejection fractions were no 
calculated in 18 patients with ventricular aneurysms). The _ 







presence of a ventricular aneurysm was noted if paradoxical 


systolic wall motion was observed in the right anterior oblique a 
cineventriculogram. Coronary arteries were reported as sigs 
nificantly diseased when there was a >50% reduction in the 
luminal diameter of the left main coronary artery or a >15% 
reduction in luminal diameter in any of the other major cor- 
onary arteries. Angiography was not performed routinely in 
all postinfarct patients, and indications for angiography were 
not the same in all cases. : 
Patients were followed for up to 12 months (mean 8) ad i 
survival rates were determined by the life table e 
method.2122 





Results 


Clinical profiles of assessed and nonassessed patiente 
before hospital discharge are summarized in Table I. 
The assessed group consisted of more male patients, — 
more patients with transmural infarction (appearance 
of new Q waves on the 12-lead electrocardiogram), and 
fewer patients with anterior infarctions than did the | 
nonassessed group. The mean age and CPI! were highe 
in nonassessed patients, reflecting exclusion from stu 
of some older patients and those with uncontr 
cardiac failure. No significant differences were n 
in the incidence of VF or VT within 48 hours of adm 
sion (no patients had exhibited spontaneous VF 
between the 48 hours after infarction and progran 
stimulation), in the maximal recorded value of CK 
coronary anatomy, or in the incidence. of ve 


































f Stable and Unstable Patients 





Stable 
(n = 127; 77%) 


Unstable 
(n = 38; 23%) 





(11/57) 
0.58 + 0.02 
(n = 46) 








Va ues given are mean + standard error of the mean. NS = not significant. 


The relatively low first-month survival rate among 
onassessed patients (log-rank test,2? p <0.01) occurred 
sause of exclusion from assessment of patients with 
controlled cardiac failure or persistent ischemia. 
rival rates for individual months 2 through 12 were 
significantly different. The cumulative 1-year sur- 
rates for assessed and nonassessed patients were 
d 70%, respectively. The majority of deaths in 
,onassessed patients (16 of 28) were due to cardiogenic 
hock, 4 were virtually instantaneous with no evidence 
f acute ischemia or cardiac failure, 4 were noncardiac, 
nd 4 were unwitnessed: There were 17 deaths in the 
assessed patients: 8 were instantaneous, 6 were from 
diogenic shock, 1 was noncardiac, and 2 were un- 
itnessed. 
- Assessed patients were classified unstable or stable 
ccording to whether or not VF or VT (lasting at least 
seconds) was induced at programmed stimulation. 
e clinical profiles of stable and unstable patients are 
ummarized in Table IT. 
he incidence of transmural infarction was higher 
table 89%, stable 71%) and ejection fractions (un- 
table 0.47, stable 0.58), when measured, tended to be 
ower among unstable patients (range of ejection frac- 
ions: unstable patients, 0.17 to 0.66; stable patients, 
to 0.66), but the groups were similar in all other 
espects. The life table analysis of 1-year survival of 
table and unstable patients is illustrated in Figure 2. 


i` Clinical Profiles of Survivors and Nonsurvivors 


Alive 
(n = 120) 


Although the cumulative 1-year survival rate 
patients was 91%, it was only 65% for unstable tien 
(p <0.001). There were significant differences 
survival rates for individual months 4 ip <0. on an 
6, and 9 (p. <0.05).” 

The clinical profiles of stable and unstable : survivo 
and nonsurvivors are ‘compared in Table IIL Theres 


STABLE 0. 





Percent Survival 


UNSTABLE ~ 


a 6 
‘Months 
FIGURE 2. Actuarial survival curves for stable and unstable pe 
Bars indicate 1 standard error of the. mean for ostimation of S 
rates-at each month. 
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Dead == sive 


(n= 28). 





(yr 54+ 1 
aximal CK auriter 4,546 + 104 


VF or VT in:48 hours (%) 
Transmural infarction (%) 
r infarction (%) 
j vessels (n) 


(n= 7%). 


5944 — 
1,628 + 373 


Co Uga. 
2,108 + 277 
































survivors in terms of age (p <0.02) and coronary 
rognostic index (p <0.01). ‘However, the range of the 
CPI among unstable nonsurvivors was wide (1.0 to 9.7). 
Of the 10 nonsurvivors, 7 had CPI <9. There was a 
igher incidence of death among unstable patients than 
among stable patients with transmural (p <0.01) and 
anterior (p <0.001) infarcts. These differences did not 
ipply between stable and unstable patients with non- 
‘ansmural or inferior infarcts. The mean ejection 
traction for unstable survivors (n = 16) was less than 
hat for stable (n = 45) survivors (p <0.01). During the 
‘no stable patient with ventricular aneurysm and 
only 1 unstable patient with a ventricular aneurysm 
died. 

_At the final review (or death), 20% of assessed pa- 
ents were taking regular beta-adrenoceptor blocking 
rugs, 8% were receiving some other regular antiar- 
hythmic: therapy, and 13% had undergone coronary 
rtery bypass grafting (Table IV). There was no sig- 


ut medical or surgical therapy. The predictive value 
of ventricular electrical instability after myocardial 
infarction is indicated in Table V. 

_. Death occurred in 7 stable patients; 5 died in car- 
diogenic shock, 1 patient had septicemia, and 1 death 
was unwitnessed. There were 10 deaths in unstable 
patients; 8 died virtually instantaneously without evi- 
dence of acute ischemia or cardiac failure (VF was 
_documented in 5 of these patients during unsuccessful 
esuscitation), 1 patient died in cardiogenic shock after 
oronary artery bypass, and 1 death was unwitnessed. 
Thus, the sensitivity of ventricular electrical instability 
asa predictor of death after infarction was 59% and the 
“specificity. was 81%. The predictive accuracy of ven- 
tricular electrical stability, that is, the absence of in- 





erences between unstable survivors and 


ificant difference in survival of patients with or with- . 


" stability, as a predictor of survival was 94% and the [ 
_ predictive accuracy of ventricular electrical instability, 


that is, the presence of instability, as a predictor of 
death was 26%. Because there were no instantaneous 
deaths among stable patients, the sensitivity of ven- 
tricular electrical instability as a predictor of instan- 
taneous death was 100%. The predictive accuracy of ` 
ventricular electrical stability (absence of instability as. 
an indicator for the absence of subsequent instanta- 
neous death) was also 100%. The specificity of ventric- 
ular electrical instability as a predictor of instantaneo! 
death was 81% and the predictive accuracy was 21%. 
During the year 4 of 38 unstable patients exhibited — 
spontaneous VT, in the absence of further acute ische- 
mia. In contrast, only 2 of 127 stable patients exhibited 
spontaneous VT. In 1 patient a ventricular aneurysm — 
had developed after reinfarction, and the patient was _ 
subsequently unstable in the laboratory when restudied. _ 
The other patient was asymptomatic, with an idioven- | 
tricular rhythm that caused no hemodynamic embar- _ 
rassment. Thus, the sensitivity of ventricular electrical | 
instability as a predictor of instantaneous death or- 
spontaneous VT was 86% and the specificity was 83%. _ 
The predictive accuracy of ventricular electrical sta- uo 
bility was.98% and of instability 32%. a 


Discussion 


The major finding of this study is that although 5 pa 
tients with ventricular electrical instability after myo 
cardial infarction have a high risk of death from spon- _ 
taneous VF, patients without ventricular electrical in- 
stability havea very low risk of death from spontaneous. _ 
VF. Of unstable patient deaths, 80% (8 of 10) were in- 
stantaneous and VF was documented in 5 of these. A 
further 11% of unstable patients (4 of 38) were resusci- 
tated from spontaneous VT during the year. In contrast, © 





















ABLE IV Therapy in Stable and Unstable Patients 






















Stable Unstable 
Alive Dead Alive Dead 
a: (n = 120) (n= 7) {n = 28) (n = 10) 
BB (20%) 27 0 8 0 
AA (8%) 6 0 5 2 
$ CABG (13%) 18 0 3. 1 








ABI ev Value of ideie Stimulation As a Predictor of Death, Instantaneous Death, and Spontaneous VT 


AA = = medical antiarrhythmic therapy other than beta-adrenoceptor blockade; BB = = beta-adranocepior blockade; CABG = coronary artery bypass : 
aft. 
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tives/true-nogativos t Aalpe-negatives: ictive accurac 












yen Sensitivity Specificity Stability instability Hes 
it deaths (%) 59 81 94 By 
stantaneous deaths (%) ; 100 81 100 QV 
stantaneous death or spontaneous VT (%) 86 83 ; : 98 32 as 





by ventricular electrical stability (false-negatives); specificity = number 
‘negatives + number of events falsely predicted by ventricular electrical instability, (false-positives); predictive accuracy of stability 
f instability = true-posith + 


Sensitivity = number of events predicted by ventricular electrical instability (trué-positives)/true-positives + number of events falsely predicted ie 
of events predicted by ventricular electrical stability (true-negatives)/true- -— 





eve postwar F false positives. 








after reinfarction and development of a left 
ar aneurysm, and 1 patient had an asymp- 


barrassment). It remains to be determined whether 
ierapeutic intervention of any kind improves prognosis 

in unstable patients. A prospective randomized study 
f an arrhythmic therapy in unstable patients is being 

1 institution as a first step toward an- 


s for patients without ventricular elec- 
y appear to be different. Because most 
ong stable patients were due to cardiogenic 
f 1); therapy aimed at preventing reinfarction 
imizing left ventricular performance may offer 
i est chance to improve prognosis in these pa- 
ents. 
The only significant differences between stable and 
unstable patients before hospital discharge occurred in 
he incidence of transmural infarction (71% stable, 89% 
ble) and the mean ejection fraction (0.58 stable, 
0,47 unstable). Notwithstanding these differences, most 
assessed patients had survived transmural MI and none 
ad severely depressed left ventricular function. Ven- 
icular electrical stability was assessed in the absence 
cute ischemia”? 6 to 28 days after MI. In contrast to 
vious reports,!%!618 we defined ventricular electrical 
tability as VF or VT lasting at least 10 seconds. This 
efinition was chosen because of controversy!” con- 
_ cerning the clinical significance of repetitive ventricular 
tsi (1 or a few nonstimulated beats) after pro- 
ammed stimulation. 
Our standardized protocol of programmed stimula- 
on was. developed to provide a simple and rapid means 
assessing ventricular electrical stability. Left ven- 
ricular stimulation. was not included because of the 
dditional potential complications and additional time 
equired for study. The 2 right ventricular stimulation 
ites were.chosen because catheter manipulation could 
readily achieved using anteroposterior X-ray control 
nly. Stimulation with 20 mA (the maximal output of 
1e Medtronic 5325 stimulator) as well as twice diastolic 
rent threshold stimulation, may have resulted in 
ne false-positive results. However, omission of 20 mA 
timulation would have resulted in some false-negative 
results (3 unstable patients who died instantaneously 
| patient who had spontaneous VT had exhibited 
icular electrical instability at 20 mA only). The 
urrent intensity for stimulation for demon- 
g ventricular electrical instability has not been 


Nevertheless, the predictive value of the present 

rotocol i is clear, The absence of ventricular electrical 

stability was associated with a high probability of 

_ survival for 1 year (91%, Fig. 2), whereas its presence was 

a ted with a significantly (p <0.001) lower proba- 
ty of survival (65%, Fig. 2). 

chulze et al,* studying 81 survivors of acute MI 

)-month period, found that patients with an 

n imane radi onuclide) <40% had a 


of 45, 18%) than did: 


patients withan ejection fraction 240% (0 of 36 
investigators found complicated ventricular. 

mias (modified Lown class: III, multifocal ventric 
premature contractions [VPC]; IV, coupled or bige 
VPC; and V, VT or R on T VPC) during continu 
hour Holter monitoring in 3 patients with an ejectio 
fraction 240% and in 26 with an ejection fraction | 
Complicated ventricular arrhythmias were presi 

all patients who died suddenly. No patient wi 
complex arrhythmia (modified Lown class: 0, no V 

I, unifocal PVC <30/h in all hours; and II, unifocal PV 
>30/h i in any hour) died. Sudden death occurred in 
29 patients (28%) with complicated ventricular 
rhythmias. All 8 patients who died suddenly were i 
subgroup of 26 patients with an ejection fraction <40 
and complicated arrhythmias. These data are sim 
to those of Bigger et al,24 who studied 480 MI sur 
and observed sudden death in 11 of 50 (22%), with V 
(23 consecutive ventricular complexes) on- 
monitoring. However, 75% of patients who died u 
denly had not exhibited VT and their death would 
have been predicted by Holter monitoring. 

The data of Bigger et al?4 show that VT on Holter 
monitoring is not.a necessary or sufficient condition 
predict death or sudden death, The data of Schu 
alt imply that complicated VPC on Holter monitor 
and an ejection fraction less than 40% are neces: 
conditions for predicting sudden death: However, the 
investigators showed that low ejection fraction is not 
sufficient condition to predict death or sudden deat 
Our own data appear to indicate that ventricular ele 
trical instability is probably a necessary but not suf! 
cient condition for predicting sudden death, 

The subsets of patients at high risk for sudden c 
in the aforementioned series*4 and our own. m 
some extent, overlap. In the future it may be. possible 
to use a combination of noninvasive and invasive t 
to identify more specifically the subset of MI survivors 
at highest risk for sudden death. 

Sudden death from spontaneous VT or VF during E 
first year after MI requires the presence of at least 2 
conditions; (1) A ventricular substrate that can sus 
VT or VF in the absence of acute myocardial ische 
Intraventricular reentrant circuits could provide ‘th 
substrate. (2) Some perturbation to initiate VT or V 
Such perturbations may include spontaneous VP 
spontaneous changes in conduction velocities or 
fractory periods within reentrant circuits. 

Probably a critical mass of infarct is required to ha 
within it or around it potential reentrant circuits. Hea 
with larger infarcts may be more likely to incorpora’ 
intraventricular reentrant circuits than hearts ` 
small infarcts. Hence, it is not surprising that left 4 
tricular dysfunction (low ejection fraction) and. co 
plicated. ventricular arrhythmias on Holter monito: 
are associated with spontaneous VT, VF, and sud 
death in many but not all cases, Be 

The crucial determinant of predisposition to y or 
VE (and sudden death) i is the capacity to sustain VT or 


electrical instabilit 


described herein may be that 





































Ww col clude that a) pationta with vent 
trical instability after myocardial infarction have a high 
risk of sudden death within 1 year; (2) patients without 
ventricular electrical instability after myocardial in- 
farction have a very low risk of sudden death within 1 
year; (3) prospective studies (of antiarrhythmic therapy 
and measures to prevent reinfarction and optimize left 
ventricular performance) are required to determine 
whether sudden death can be prevented in unstable 

atients; (4) therapy to prevent reinfarction and opti- 
mize left ventricular performance may offer the best 
ance to improve prognosis in stable patients. 
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us of the : ns = Coronary Arteries 
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N C. KISHEL, MD, EDWARD C. H. SCHMIDT, MD, KENNETH M. KENT, MD, and 


IAM C. ROBERTS, MD 


Certain clinical and necropsy cardiac findings are 
described in 3 men who had percutaneous translu- 
minal coronary angioplasty (PTCA) of the left an- 
terior descending (LAD) coronary artery 80, 90, and 
150 days before sudden death. Each patient had a 
decrease in the mean transstenotic coronary gra- 

ent (17, 38, and 43 mm Hg) and an angiographic 

crease in the LAD luminal diameter (55, 60, and 


Several studies have described morphologic changes 

arly (<60 days) in-coronary arteries in humans! and 

animals‘ after PTCA. Although several reports’-!° 

» described angiographic appearances of coronary 

teries late (>60 days). after PTCA, morphologic ob- 

tions have not been reported in coronary arteries 

ted to PTCA >60 days before death. In this re- 

rt, clinical and necropsy cardiac findings are de- 

scribed in 3 men who died suddenly 80, 90, and 150 days, 
respectively, after PTCA... 


Patients Studied 


Clinical observations: Each patient had exertional angina 
pectoris for only 1 to 2 months before PTCA. Coronary angi- 
ography and PTCA performed 80, 90, and 150 days, respec- 

ely, before death disclosed severe (76 to 95% diameter re- 

luminal narrowing of the LAD coronary artery and 
cant (<50%: diameter reduction) narrowing of the left 
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, National tn: nee of Health, Bethesda, Maryland 20205. 


65% ). At necropsy, the LAD coronary artery int 
area of the PTCA in each patient was narrowed 76 
to 95% in cross-sectional area by atherosclerotic 
plaques. No cracks in plaques or other lesions which 
may have resulted from the PTCA procedure we 
identified histologloaliy inthe LAD soronary arte 
of any patient. a 


main, left circumflex, and right coronary arteries (T. 
1 to 3). At PTCA, the LAD in each patient was dila 
and 65%, respectively. (Table I); and the mean c 
pressure gradient fell 17, 38, and 43 mm Hg, respectivel: 
the 3 patients. Exercise treadmill testing in each patient 1 
11 days after PTCA disclosed electrocardiographic chang: 
of J point depression in 2 patients (Patients 2 and 3) and no 
changes in the third patient. No patient developed angin: 
pectoris during or within an hour of the exercise test. 

Angina pectoris did not recur after PTCA in Patients 1 
2. Patient 3 remained, pain-free for the first 105 days afte 
PTCA, but during the last 45 days he had 3 episodes of i 
exertional angina relieved promptly by nitroglycerin. Aft 
PTCA, all 3 patients thereafter received long-term admini 
tration of dipyridamole; 2 (Patients 1 and 2) received salic 
lates; 2 (Patients 2 and 3) received isosorbide dinitrate; nd 
1 patient each received verapamil (Patient 1) and nifedipi 
(Patient 2). Two patients (Patients 2 and 3) died sud 
home or work without apparent chest. pain. Patient 
killed during an automobile accident while intox 
cohol), 

Morphologic observations: At. necropsy, n no 
cardial fibrosis or necrosis were present. In all 3 
4 major epicardial coronary arteries were exci 
heart and cut transversely into 5-mm segments; a M 
stained histologic section was prepared from each segment and 
examined. The results of the quantitative studies, repre- 
senting the consensus of 3 observers (BFW, BMM, TER ar 
mimomnzæd | in agure 4. 





82 EPICARDIAL CORONARY ARTERIES AFTER PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY 


TABLE! Observations in 3 Necropsy Men Who Died >60 
Days After Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 








Patient 
Observation 1 2 3 
Age (yr) at death 33 48 57 
Systemic pressure (mm Hg) 135/90 110/80 150/90 
Interval (days) from PTCA to death 80 90 150 
Maximal coronary narrowing by 
angiography (% diameter 
reduction) 
LM 0 0 0 
LAD 80 85 85 
LC <50 <25 <25 


R <50 0 <25 
Change (% diameter reduction)in 80 —> 25 85— 25 85—20 
LAD 


Mean intracoronary pressure (mm 
Hg) before —> after dilation 


Proximal 104 —> 85 80 —> 80 
Distal 52 — 50 ee 25 — 68 
Gradient 62 5°35: 50 > 12.95 +e. 12 


Maximal coronary narrowing at 
necropsy (% cross-sectional 


area) 
LM 26-50 0-25 0-25 
LAD 76-95 76-95 76-95 
LC 76-95 26-50 51-75 
R 76-95 76-95 51-75 


Cororary narrowing at necropsy at 76-95 76-95 75-95 
site of PTCA (% cross-sectional 


area) 
Heart weight (g) 450 490 415 


LAD = left anterior descending; LC = left circumflex; LM = left main; 
R = right. 


BY ANGIOGRAM 







Catheter diameter 
on angiogram 
(2.5 mm) 





LC 
D 


al 


The site of the PTCA was determined from the area of 
maximal diameter reduction on the pre-PTCA coronary an- 
giogram (Fig. 1). The catheter diameter just proximal to its 
tip was measured (in millimeters) on a black and white glossy 
print of 1 frame of the cineangiogram. A right anterior oblique 
angiographic view was used to view the bifurcation of the LAD 
and left circumflex coronary arteries. A magnification cor- 
rection factor was determined by dividing the angiographic 
catheter diameter by the actual catheter diameter (provided 
by the manufacturer). The angiographic distance (in milli- 
meters) from the origin of the LAD from the left main coro- 
nary artery to the site of maximal diameter reduction was 
measured. To locate this area of the LAD at necropsy, the 
distance measured on the angiogram was divided by the 
magnification correction factor. The LAD length was then 
measured at necropsy starting at the origin of the LAD from 
the left main coronary artery. The 5-mm coronary artery 
segment containing this area was recorded. 

In each patient, at least 1 of the 4 major coronary arteries 
was narrowed 76 to 95% in cross-sectional area by athero- 
sclerotic plaques: the LAD in all 3 patients, the right in Pa- 
tients 1 and 2, and the left circumflex in Patient 1. The site 
of the PTCA in the LAD coronary artery in each patient was 
narrowed 76 to 95% in cross-sectional area by atherosclerotic 
plaque. The 5-mm segment of LAD containing the site of 
PTCA in each patient was serially sectioned at 10 um inter- 
vals; every fifth section was stained. A total of 72 histologic 
sections in the area of PTCA was examined (26 in Patient 1, 
34 in Patient 2, and 12 in Patient 3). Of the total 153 5-mm 
coronary segments from the 3 patients, none was narrowed 
96 to 100%, 14 (9%) were narrowed 76 to 95%, and 34 (22%) 
were narrowed 51 to 75% in cross-sectional area by athero- 


AT NECROPSY 






Distance from origin 
of LAD to site of 
maximal luminal har 

narrowing Ey 


FIGURE 1. Patient 1. Top panel, diagram illustrating method of determining at necropsy the site of PTCA during life. Bottom panels, frames of coronary 
angiogram showing an increase in diameter of the left anterior descending (LAD) artery after PTCA (arrows). LC = left circumflex coronary ar- 


*tery. 





FIGURE 2. Patient 2. Top panels, frames of coronary angiogram 90 days 
before death showing an increase in diameter of the LAD artery after 
PTCA (arrows). Bottom panel, histologic section of the LAD artery at 
the site of previous PTCA procedure, showing severe luminal narrowing 
by atherosclerotic plaque (Movat stain; magnification X22). 
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FIGURE 3. Patient 3. Top panels, frames of coronary angiogram 150 
days before death showing an increase in diameter of the LAD artery 
after PTCA (arrows). Bottom panel, histologic section of the LAD artery 
at the site of a previous PTCA procedure, showing severe luminal 
narrowing by atherosclerotic plaque (Movat stain; magnification 
X23). 
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FIGURE 4. Number (left panel) and percent (right panel) of 5-mm segments of the LAD, left circumflex (LC), and right (R) coronary arteries narrowed ; 
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to various degrees in cross-sectional area (XSA) by atherosclerotic plaques in the 3 necropsy patients. 
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ase in the mean transstenotic obroriary 
dan angiographic i increase in the lumen of 
AD coronary artery. Only 1 had angina pectoris 
the PTCA procedure, and each died suddenly. At 
each patient. had 76 to 95% cross-sectional 
area narrowing by atherosclerotic plaques in the area 
he PTCA procedure. Despite examination of nu- 
merous sections of the coronary artery, histologic study 
he atherosclerotic plaques in the area of the PTCA 
did not disclose any morphologic lesions attributable 
the PTCA procedure. Indeed, comparison of the 





plaques i in other areas of the LAD and with those in the 
ott er major coronary arteries in the same patient did 
yt disclose any distinctive differences. While splits, 
ars, and breaks have been described histologically in 










“alter the PTCA procedure, ® these distinctive mor- 


phologic lesions were not recognized late in our 3 pa: . 
tients. 
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AND WE'LL SAY IT AGAIN: 





AVIUS"™ IS THE SMALLEST, LIGHTEST, 
MULTIPROGRAMMABLE A-V SEQUENTIAL PACEMAKER 
COMMERCIALLY AVAILABLE. 


VENT. LEAD 


% 


Mode! 263-01 


foo Intermedics inc 


FREEPORT, TEXAS 


Dvi DOO 


THE DIFFERENCE IS 

COMMERCIAL AVAILABILITY. 

There's a lot of talk about new, small, A-V sequen- 
tial pacemakers. But at 68 grams and 11mm 
thin, AVIUS is still the smallest, lightest, multi- 
programmable system commercially available. 
Plus AVIUS is based on three years of clinically 
proven technology—a claim no other A-V 
sequential pacemaker can match. 


THE MOST MULTIPROGRAMMABLE, 
TECHNOLOGICALLY ADVANCED 

SYSTEM TODAY. 

AVIUS continues to offer more programming 
options than any other A-V sequential pacemaker. 
It's multiprogrammable in A-V sequential (DVI), 
Demand Ventricular (VVI) and Asynchronous A-V 
sequential (DOO) modes. The sophisticated, easy- 
to-use programmer allows you to select among 15 
pulse rates, 15 pulse widths and 7 sensitivity levels. 


The EKG transmitter, A-V mini-clinic and flexible, 


PolyFlex® pacing leads complete the techno- 
'ogiemiy advanced AVIUS system. 


S FOR USE: Imp be indicated for long-term treat 


AVIUS—THE CONFIDENT CHOICE. 

A-V sequential pacing in many cases has proven 
superior to standard ventricular pacing in achiev- 
ing optimum cardiac output and efficiency. 
Consequently, many patients feel better and can 
enjoy a more active life. With Intermedics’ record 
of technological achievement and clinical effec- 
tiveness, you can be confident that AVIUS is the 
pacemaker of choice for your patients who will 
benefit from A-V sequential pacing. Be confident 
with the only commercially available, compact, 
A-V sequential pacemaker, by contacting your 
nearest Intermedics representative, or calling 

us toll free at 1-800-231-2330 (in Texas call 
1-800-392-3726). 


+> Intermedics Inc." 


PO. Box 617 
Freeport, Texas 77541 


Our Business is Life." 


nakers as a r method for control of heart rate. Body r 
muscle and nerve stimulation, embolism. and cardiac tamponade have 





A NEW AGE 
IN THE CONTROL 
OF ANGINA 





PROCARD 


(NIFEDIPINE) °°" 


PROCARDIA is the beginning of a new age 
in the treatment of angina: 


The Calcium Age. 


It is now known that calcium ions, working at the 
cellular level, regulate the degree of vasoconstriction 
and, thereby, play a critical role in the anginal attack 


PROCARDIA acts at the cell membrane to selectively 
block calcium access to the contractile process in the 
arterial cell 


Through this action, PROCARDIA manages: 

—vasospastic angina, by preventing coro- 
nary artery spasm and increasing myocardial O, 
supply 

—classical effort-associated angina, by dilating 
peripheral arteries to reduce afterload and 
myocardial O, demand 

—mixed angina, which involves elements of 
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PROCARDIA 


(NIFEDIPINE) °°"? 


PROVEN 
EFFECTIVE 
ACROSS THE 
SPECTRUM 
OF ANGINA 


Contemporary medical opinion holds 
that the pathophysiology of angina 

is a spectrum ranging from pure, fixed 
atherosclerotic lesion to pure coronary 
artery spasm. Many patients, however, 
are believed to have a combination 

of both lesion and spasm. 


Angina due to pure fixed lesion can be 
prevented by reducing oxygen 
demand. Angina due to coronary 
artery spasm can be treated by 
preventing the spasm itself, thereby 
increasing oxygen supply. With this 
new understanding of angina, optimal 
antianginal therapy should provide 
this dual action: increasing O, supply 
while reducing O, demand. 


Please see PROCARDIA Brief Summary on last page 


In effort angina* 
(when symptomatic despite conventional therapy 





Double: blind, napy Gantiotled: crossover 20 -week study 
of 32 patients (27 evaluated for attack rate; 19 for exercise 
tolerance). Mean PROCARDIA dosage: 51 mg/day. 


*In chronic stable angina (effort-associated angina) PROCARDIA » 
has been effective in controlled trials of up to eight weeks 
duration in reducing angina frequency and i increasing exercise 
tolerance, but confirmation of sustained effectiveness and 
evaluation of long-term safety in these patients are incomplete. 


In vasospastic angina In mixed angina (fixed lesion and spasm) 















PROCARDIA reduced 
attack rate® 
Mean number of attacks per week 


18.6 


baseline 5.4 reducti 
on 
Pili aE a P <0.00005 


PROCARDIA reduced 
nitroglycerin use® 



















Prompt, sustained decrease in attack frequency® 
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20 Mean number of tablets per week 
PROCARDIA started 25.7 
15 basseng 8.1 reduction 





PROCARDIA 
EN AN SESS P <0.00005 
Studies of patients with mixed angina characterized by pain at 
rest and effort. Most patients (89%) were initiated on nitrate 
and/or beta blocker therapy but remained symptomatic. 
Minimum duration of nifedipine treatment two months. 
Nifedipine dosage: 30 to 120 mg/day. 
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Long-term, open study of 127 patients unresponsive to beta Ps 

blockers and/or nitrates with symptoms of myocardial 

ischemia and demonstrated coronary artery spasm. PROCARDI A 

PROCARDIA dosage: 40 to 160 mg/day.” THE FIRST ORAL CALCIUM CHANNEL BLOCKER 


y 
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-PROCARDIA 


(NIFEDI P| NE) Capsules 10 mg 


ANGINA MANAGEMENT 
BEYOND BETA BLOCKERS 


—Beta blockers prevent angina primarily by lowering 
myocardial oxygen demand. Like these agents, PRO- 
CARDIA reduces myocardial oxygen demand. However, 
PROCARDIA provides an added dimension of angina 
control by increasing myocardial oxygen supply where 
coronary artery spasm is present. 


—Beta blockers can actually cause spasm. PROCARDIA 
prevents spasm. 


—Beta blockers decrease myocardial perfusion in 
poststenotic areas. PROCARDIA increases myocardial 
perfusion to both normal and poststenotic areas. 


—Beta-blocker treatment is limited in patients with 
myocardial dysfunction, COPD, asthma, bundle branch 
blocks, and diabetes. PROCARDIA can be given safely 
in all these groups of patients. 


—The hypotensive effect of PROCARDIA is usually modest 
and well tolerated, however, occasional patients have 
had excessive and poorly tolerated hypotension. These 
responses have usually occurred during initial titration 
or subsequent upward dosage adjustment, and may be 
more likely with concomitant beta blockers. 


—Occasional patients have developed well-documented 
increased frequency, duration or severity of angina 
on starting PROCARDIA, or at the time of dosage 
increases. There have been occasional reports of 
increased angina in a setting of beta blocker withdrawal 
and PROCARDIA initiation. It is important to taper beta 
blockers, if possible, rather than stopping them abruptly 
before beginning PROCARDIA. 


—Rarely, patients usually receiving a beta blocker have 
developed heart failure after beginning PROCARDIA. 
Patients with tight aortic stenosis may be at greater 
risk for such an event. 





° 
Please see PROCARDIA Brief Summary on last page. 


THE FIRST 
ORAL CALCIUM 
CHANNEL 
BLOCKER... 


PROVIDES 
PROTECTION WITH 
A MILD SIDE- 
EFFECT PROFILE 


Most common adverse reactions 


6.7% 6.3% 5.5% 





13.2% 
j 10.0% 8.9% 6.9% 


Dizziness/ Peripheral Upper GI Weakness Headache Skin Burning, Transient 
Light- Edema Disturbance Numbness or Hypotension 
headedness Tingling 


Information is drawn from a large uncontrolled experience in 


2180 patients and presents the most frequent side effects 
reported with PROCARDIA. 


AN ADDED 
ADVANTAGE: 


COMPATIBILITY 


—MAY BE USED WITH A WIDE VARIETY OF 
OTHER AGENTS 

— CAN BE USED WITH NITRATES AND 
BETA BLOCKERS WITH CAUTION 
(See Warnings and Precautions) 









nhanced effectiveness when combined 
ith beta blockers. 


onvenient dosing 
tart with: 10-mg 


capsule 
tid 


itrate to: 10-mg 
capsules 
tid. 


itrate to. 10-mg 
ds capsules 
tid. 


‘most patients, titrate over 7 to 4 days, using the patient's blood 
essure response, attack frequency sublingual nitroglycerin intake 

id activity level as a guide. Titration may be more rapid (e.g, 3 days) if 
ptoms warrant and the patient is observed closely Maximum dose: 
g/day 
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RIEF SUMMARY = > ae i : 
INDICATIONS AND. USAGE: |. Vasospastic Angina: PROCARDIA A 
indicated tor the management of vasospastic angina confirmed. by any 
criteria: 1) classical pattern of angina at rest accompanied by S 


























































li. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA 
is indicated for the management of chronic stable angina (effort-associated angina 
without evidence of vasospasm in patients who remain symptomatic despite ade 
oe doses of beta blockers and/or organic nitrates or who cannot tolerate thost 
agents. oe) 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective 
in controlled trials of up to eight weeks duration in reducing angina frequency anc 
inareasing exercise tolerance, but confirmation of sustained effectiveness and eval 
uation of long-term safety in these patients are incomplete. we 

Controlled studies in small numbers of patients suggest concomitant use o 
PROCARDIA and beta-blocking agents may be beneficial in patients with chronic 
stable. angina, but available information is not sufficient to predict with confidence the 
effects of concurrent treatment, especially in patients with compromised left ventric: 
ular function or cardiac conduction abnormalities. When introducing such concomitant 
therapy, care must be taken to monitor blood pressure closely since severe hypoten- 
sion can occur from the combined effects of the drugs. (See Salhi g j 5 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. © > 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive 
effect of PROCARDIA is modest and well tolerated, occasional patients ave had 
excessive and poorly tolerated hypotension. These responses have usually occurred 
during initial titration or at the time of subsequent upward dosage adjustment, and 
may be more. fikely in patients on concomitant beta blockers. aera 
increased Angina/Beta Biocker Withdrawal: Occasional patients have developed 
well documented increased frequency, duration or severity of anginaon starting 
PROCARDIA or at the time of dosage increases. The mechanism of this response is 
nat established but could result from decreased coronary perfusion associated with 
decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone. ae 

Patients recently withdrawn from beta blockers may develop a withdrawal syn- 
drome with increased angina, probably related to increased sensitivity to catechol- 
amines. Initiation of PROCARDIA treatment will not prevent this occurrence, and 
might be expected to exacerbate it by provoking reflex catecholamine release: There 
have been occasional reports of increased angina in a setting of beta-blocker with: 
drawal and PROCARDIA initiation. Itis important to taper beta blockers if possible, 
tather than stopping them abruptly before beginning PROCARDIA. PU 
Congestive Heart Fallure: Rarely, patients usually receiving a beta blocker have 
deve heart failure after beginning PROCARDIA. Patients with tight aortic ste 
nosis ney be at greater risk for such an event. Coe se 
PRECAUTIONS: General: hipster Because PROCARDIA decreases periph: 
eral vascular resistance, careful monitoring of blood pressure during the initial admin- 
istration and titration of PROCARDIA is suggested. Close observation is especially 
recommended for patients already taking medications that are known to lower blood 
pressure. (See Warnings. : : 

Peripheral edema: Mild to moderate peripheral edema, typically associated with 
arterial vasodilation and not due to left ventricular dysfunction, occurs in about one in 
ten patients treated with PROCARDIA. This edema occurs primarily in-the-lower 
extremities and usually responds to diuretic therapy. With patients whose angina is 
complicated by congestive heart failure, care should be taken to differentiate this 
peripheral edema from the effects of increasing left ventricular dysfunction. a 

interactions: Beta-adrenergic blocking agents: (See indications and Wari- 

ings.) Experience in over 1400 patients in a non-comparative clinical trial has shown 
that concomitant administration of PROCARDIA and beta-blocking agents is usually 
well tolerated, but there have been occasional literature reports suggesting that the 
combination may increase the likelihood of congestive heart failure, severe ypoten-, 
sion or exacerbation of angina, : 
Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, 
but there have been no controlled studies to evaluate the antianginal effectiveness of 
this. combination. eee | 


Pregnancy: cago E, pne 
ADVERSE REACTIONS: The most common adverse events include dizziness. or 
light-headedness, peripheral edema, nausea, weakness, headache and flushing 
gach occurring in about 10% of patients, transient hypotension in about.5%, palpita- 
tion in about 2% and. syncope in about 0.5%. Syncopal.episodes did:not tecur with. 
reduction in the dose of PROCARDIA or concomitant antianginal medication; Very. 
rarely, introduction of PROCARDIA therapy was associated with an increase in an) 
ginal pain, possibly due to associated hypotension. i il 
in addition, more serious adverse events were observed, not readily distinguishable | 
{rom the natural history of the disease in these patients. Itremains possible, how i 
that some or many of these events were drug related. Myocardial infarction ‘Occurred 
in about 4% of patients’ and congestive heart failure or pulmonary edema ini about. 
He erm! arrhythmias or conduction disturbances each occurred in fewer than 
5% of patients. facie Eg 
Laboratory tests: Rare, mild to moderate, transient elevations of enzymes such! 
as alkaline phosphatase, CPK, LDH, SGOT, and SGPT have been noted, and a i 
Single incident of significantly elevated transaminases and alkaline phosphatase was | 
seen in a patient with a history of gall bladder disease after. about eleven months: of 
nifedipine therapy, The ralatonsnip to PROCARDIA therapy is uncertain. These lab 
oratory abnormaliti en associated with clinical symptoms.” 




















K ies have rarely ; 
HOW SUPPLIED: Each arange, soft gelatin PROCARDIA Capsule contains - 
of nifedipine. PROCARDIA Capsules are supplied in amber glass botties 
a (NDC 0069-2600-66). ns 
capsules should be Eas from light and moisture and stored at controlled 
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Electrophysiologic: Testing i in the > Management of Survivors 
Of Out-of-Hospitat Cardiac Arrest | , 


FRED MORADY, MD, MELVIN M.. SCHEINMAN, MD, DAVID S. HESS, MD, 
RUEY J. SUNG, MD, EDWARD SHEN, MD, and WILLIAM SHAPIRO, MD 


Forty-flve patients survived a cardiac arrest due to 


ventricular tachycardia (VT) or ventricular fibrillation 
(VF). Programmed ventricular stimulation was 


performed with the patients taking no antlarrhythmic ` 


medications. Sustained VT was Induced in 26 pa- 


tients (58% ) and nonsustained VT in 8 (18%). With: 
treatment aimed at the underlying heart disease. — 


(plus empiric antlarrhythmic therapy In 2 patients), 
the 11 patients who had no Inducible VT have had 
no recurrence of symptomatic VT or cardiac arrest 
over a follow-up perlod of 19 + 9 months (mean + 


standard deviation). Conventional antiarrhythmic . 


drugs suppressed the induction of VT and were used 
for chronic treatment in 9 of 34 patients (26% ) with 


Inducible VT. Three of these 9 patlents had recurrent . 


VT or sudden death, whereas 6 have had no recur- 
rence over follow-up of 20 + 7 months. In the 25 of 


34 patients in whom the Induction of VT was not- ` 


Of patients who have survived an episode of. out-of- 
hospital cardiac arrest, 29 to 74% have been reported to 
have inducible VT with programmed ventricular 
stimulation.!4 Only 1 study has reported long-term 
follow-up events in patients who had aborted cardiac 
arrest and in whom chronic antiarrhythmic therapy was 


based on the results of electropharmacologic testing. ` 


Ruskin et al? reported no recurrence of cardiac arrest 
over a mean follow-up of 15 months in 19 patients 
treated with drugs that suppressed the induction of VT. 
We performed electrophysiologic testing in 45 survivors 
of out-of-hospital cardiac arrest; the results of therapy 


guided by electropharmacologi sa testing arere- ` 


boried terem, 
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suppressed by conventional antiarrhythmic drugs, 
23 were treated with amiodarone (dally dose 550 - 
+ 120 mg), and 2 underwent coronary artery bypass 


.grafting with either aneurysmectomy or map-di- 
- rected endocardial resection. One of the latter 2 
_ patients died suddenly 12 months after surgery. 


Among the 23 patients treated with amlodarone, 2 
had fatal VT or sudden death and 21 (91% ) did not, 
over 18 + 14 months of follow-up. 

in survivors of a cardiac arrest, the chief value of 


-. electrophyslologic.testing Is In identifying patients 
` without inducible VT, who appear to have a low risk 


of recurrent sudden death with treatment directed 
at the underlying heart disease. Serla! electro- 
pharmacologic testing with conventional antiar- 
rhythmic drugs is disappointing, with a low Incidence 
of arrhythmia SUPPreESEION 


Methods 


T five patients (Table I) survived an out-of-hospital 
episode of cardiac arrest. The earliest rhythm documented 
before direct-current cardioversion was VF in 30 and VT in 
12; in 3 patients the rhythm before direct~current cardiover- 
sion was not documented. At the time of the cardiac arrest, 


31 of 45 patients had been taking 1 of the following antiar- 


rhythmic drugs orally: quinidine, 0.8 to 1.2 g/day; procain- 

amide, 2 to 3 g/day; disopyramide, 0.6 g/ day; or phenytoin, 
300 me/ day. In addition, 14 patients were taking propranolol, 
80 to 240 mg/day. 

Coronary angiography was performed within 3 weeks of the 
episode of aborted cardiac arrest in 31 of 45 patients, including 
26 of 36 patients who had ischemic heart disease. Left ven-. 
tricular (LV) ejection fraction was determined either by 


‘contrast or radionuclide angiography in 41 of 45 patients. 


Patients with evidence of a new myocardial infarction in 
association with the episode of aborted cardiac arrest were 
excluded from the study. In addition, patients with the con- - 
genital long Q-T syndrome were excluded because. of the, 
previous finding that programmed ventricular stimulation 


` seldom results in VT induction in these patients.4 
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Electrophysiologic study protocol: After informed con- 
sent had been obtained, an electrophysiologic study was 
performed 5 days to 6 weeks after the episode of cardiac arrest. 
All antiarrhythmic medications were discontinued for at least 
4 half-lives before electrophysiologic study. Studies were 
performed in the fasting, unsedated state. Two quadripolar 
electrode catheters were inserted percutaneously into a fem- 
oral vein; 1 was positioned across the tricuspid valve for re- 
cording the His bundle electrogram, and the other was posi- 
tioned against the apex of the right ventricle. In patients 
undergoing left ventricular stimulation, a bipolar electrode 

_ catheter was inserted percutaneously into a femoral artery and 
positioned against the apex of the left ventricle. Electrocar- 
diographic leads V4, I, and IJI and intracardiac electrograms 
were recorded using a VR-12 Electronics for Medicine re- 
corder. Ventricular stimulation was performed with 2 ms 
pulses, delivered by a programmable stimulator (Bloom) at 
a constant current of 6 mA. 

The following stimulation protocol was used. Right ven- 

` tricular drive was instituted at a cycle length of 500 ms and 
diastole was scanned with 1, 2, and then 3 extrastimuli. Short 
bursts of right ventricular overdrive pacing were then per- 
formed at cycle lengths of 600 to 300 ms. If VT was not in- 
duced with right ventricular stimulation, left ventricular 
stimulation was performed, except in 1 patient who had a 
prosthetic aortic valve and 3 patients we studied early in our 
experience. In patients who did not have ischemic heart dis- 
ease, if VT was not induced with this protocol, ventricular 
stimulation was repeated during continuous infusion of 1 to 
5 ug/min of isoproterenol, titrated to maintain a heart rate of 
120 beats/min. 

In patients who did not have inducible VT, a standard atrial 
pacing protocol was used to rule out rapid supraventricular 

‘tachycardia as a cause of cardiac arrest. Sustained VT was 
defined as VT at least 30 seconds in duration or requiring 
direct-current cardioversion or overdrive pacing for termi- 
nation. Nonsustained VT was defined as VT of 6 beats to 30 
seconds in duration. 

Electropharmacologic testing: Drugs were tested based 
on each patient’s history of drug intolerance and previous 
clinical response. The following drugs were tested acutely in 
the electrophysiology laboratory after intravenous adminis- 
tration: procainamide, 750 to 1,600 mg; propranolol, 0.2 mg/kg; 
lidocaine, loading dose of 225 mg over 20 minutes, concomitant 
with a 2 mg/min continuous infusion; propafenone, loading 

. dose of 2 mg/kg, concomitant with a 1 to 2 mg/min continuous 
infusion. The following oral agents were tested during the last 
1 to 2 hours of the dosing interval, after administration of a 
sufficient number of doses to attain a steady-state serum drug 
level: procainamide, 3 to 8 g/day; quinidine, 1.2 to 1.6 g/day; 
disopyramide, 400 to 600 mg/day; propranolol, 160 to 480 
mg/day; tocainide, 0.8 to 1.2 g/day; nadolol, 240 to 300 mg/ 
day. 

Electropharmacologic testing was usually performed until 
VT could no longer be induced by both right and left ven- 
tricular stimulation, even when VT had been induced by right 
ventricular stimulation in the baseline study; however, in 4 
patients studied early in our experience and in whom VT was 
induced by right ventricular stimulation, left ventricular 
stimulation was not performed during electropharmacologic 
testing. If high-dose procainamide was not successful in 
suppressing VT induction, quinidine and disopyramide were 

generally not tested. 

When the induction of VT could not be suppressed by 1 or 
more of the aforementioned drugs, treatment was begun with 
amiodarone, 800 mg/day orally, except in 2 patients who un- 
derwent a surgical procedure. Because of the observation by 


TABLE! Clinical Characteristics of 45 Survivors of 





Cardiac Arrest* 
Age (yr) 56 + 167 
Males/females 39/6 
Heart disease 
Ischemic 36 (78) 
Single-vessel CAD 3 
Double-vesse! CAD 3 
riple-vessel CAD 16 
A disease 3 
Coronary spasm 4 
Catheterization not done 10 
Previous myocardial Infarction 30 
Previous CABG l 
Congestive cardiomyopathy 3 (7) 
Valvular 3 (7) 
Mitral valve prolapsa 2 (4) 
Hypertrophic lomyopathy 1(2 
No heart disease 1(2 
Ejection fraction 0.42 + 0,157 
Congestive heart failure ; 
NYHA I or II 14 (31) 
NYHA III or IV 14 (24) 
Previous episode of cardlac arrest ' 8 (13) 
* Numbers in parentheses represent . T Mean + standard 


deviation. CABG = coronary artery bypass grafting: CAD = coronary 
artery disease; LMCA = left main coronary artery; A = New York 
Heart Association functional class. 


TABLE |! Surgical Procedures Performed In 45 Survivors 


of Cardiac Arrest 
Patients 
(n) Heart Disease Operative Procedure 
Before Electrophysiologic Testing 
1 Aortic stenosis Aortic valve replacement 
2 Stenosis of LMCA CABG 
After Electrophyslologic Testing 
1 Stenosis of LMCA CABG and aneurysmectomy 
1 Triple-vessel CAD CABG and map-directed 
endocardial resection 

1 Triple-vesse! CAD CABG 


CABG = coronary artery bypass grafting; CAD = coronary artery 
disease; LMCA = left main coronary artery. 


ourselves and others that ventricular stimulation studies are 
not predictive of clinical response in patients treated with 
amiodarone, patients treated with this drug did not undergo. 
repeat studies.5-7 

Surgical therapy: After their episodes of cardiac arrest, 
3 patients underwent a surgical procedure before electro- 
physiologic testing and 3 afterwards (Table II). 

Chronic drug therapy and follow-up: Patients were 
followed on a regular basis by either 1 of the investigators or 
by the patient’s referring physician. Drug therapy was ad- 
justed to yield serum drug levels that matched drug levels 
found to be successful in suppressing VT induction in the 
laboratory. In patients treated with amiodarone, the dose was 
tapered to 600 mg/day after 6 weeks of therapy; subsequent 
adjustments in the dose depended on the clinical response and 
development of adverse effects. 

Twenty-four-hour ambulatory electrocardiographic re- 
cordings were obtained every 3 to 4 months. Sudden death was 
defined as unexpected natural death occurring during sleep 
or within 1 hour of the patient’s collapse. 
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Response to PVS VT No VT 
i ; 
EP testing with No VT VT 
conventional drug(s) 9 25 
Conventional Misc, 
Treatment drug{(s) Amiodarone Op drugs Op 
2 7 
Fatal VT/VF r Ff A /\ a 
Non-fateal VT/VE 0 0 


FIGURE 1. Results of electrophyslologic testing and clinical follow-up 
in 45 survivors of cardiac arrest. EP = electropharmacologic; Misc. = 
miscellaneous (see text for details); Op = operation (as listed In Table 
ll); PVS = programmed ventricular stimulation. 


Statistical analysis: Values are expressed as mean + 1 
standard deviation. Patients in whom VT induction was 
suppressed by conventional agents were compared with those 
in whom VT induction was not suppressed using Fischer’s 
exact test and Student’s t test. 


Results 


During the baseline electrophysiologic study, sus- 
tained VT was induced in 26 of 45 patients (58%). Mean 
cycle length of VT was 273 + 77 ms. The VT morphol- 
ogy was that of right bundle branch block in 18, left 
bundle branch block in 5, and polymorphic in 3. VT was 
induced with right ventricular stimulation in all but 3 
patients who required left ventricular stimulation. VT 


was induced with burst pacing in 3 patients, with 1 ex- 


trastimulus in 1 patient, with 2 extrastimuli in 9 pa- 
tients, with 3 extrastimuli in 12 patients, and with 3 
extrastimuli during isoproterenol infusion in 1 patient. 
Direct-current cardioversion was required to terminate 
VT in 15 of 26 patients; in the remaining 11 patients, VT 
was terminated with overdrive pacing. 

Nonsustained VT was induced in 8 of 45 patients 
(18%). The mean duration of VT was 29 + 18 beats 
(range 8 to 65); the mean cycle length was 224 + 19 ms. 
The VT morphology was that of right bundle branch 
block in 4 patients, left bundle branch block in 1, and 
polymorphic in 3. In all cases, nonsustained VT was 
induced with right ventricular stimulation; 2 extras- 
timuli were necessary in 2 patients, and 3 extrastimuli 
in 6. 

Overall, VT was induced with programmed ventric- 
ular stimulation in 34 of 45 patients (76%). Of the 30 
patients who had VF at the time of resuscitation, VT 
_ was induced in 23 (77%); of the 12 patients who had VT 
k r time of resuscitation, VT was induced in 10 

83%). 

VT could not be induced with programmed ventric- 

ular stimulation in 11 patients (24%). Two of these pa- 


tients had undergone coronary artery bypass grafting 
because of stenosis of the left main coronary artery, and 
1 had undergone aortic valve replacement for aortic 
stenosis. A fourth patient had had a cardiac arrest 2 
weeks after initiation of quinidine for prevention of 
atrial fibrillation; an electrocardiogram obtained several 
days before the cardiac arrest showed a Q-T interval of 
0.52 seconds (Q-T, = 0.58 second). A fifth patient who 
had coronary artery disease (CAD) had no inducible VT 
despite frequent episodes of spontaneous VT before and 
after electrophysiologic study. Of the other 6 patients, 
5 had CAD and 1 had coronary artery spasm. Three of 
these patients were engaged in strenuous exertion at the 
time of the cardiac arrest. One patient had no under- 
lying heart disease. 

Clinical follow-up in patients with no inducible 
VT during baseline study (Fig. 1): Eleven patients 
with no inducible VT have had no recurrence of symp- 
tomatic VT or VF over a mean follow-up period of 19 + 
9 months (range 9 to 34). Four patients underwent 
coronary artery bypass grafting or aortic valve re- 
placement (before the electrophysiologic study in 3 
patients and afterwards in 1). The patient who had 
coronary artery spasm was treated with nitrates. Three 
patients who had CAD but who either refused or were 
not suitable candidates for coronary artery bypass 
grafting were treated with nitrates and beta-adrenergic 
blocking agents aimed at preventing myocardial 
ischemia; 1 of these patients was also treated with en- 
cainide for suppression of asymptomatic premature 
ventricular beats. The patient who had been treated 
with quinidine and had Q-T interval prolongation be- 
fore a cardiac arrest was treated with procainamide (for 
paroxysmal atrial fibrillation); no VT could be induced 
while taking procainamide. The patient who had no 
inducible VT but who had frequent spontaneous epi- 
sodes of VT was treated with amiodarone. The patient 
without underlying heart disease was initially treated 
empirically with nadolol for 6 months and has subse- 
quently taken no medication over an additional 7 
months of follow-up. 

Results of electropharmacologic drug testing and 
clinical follow-up (Fig. 1): VT could no longer be in- 
duced after administration of a conventional antiar- 
rhythmic drug in 9 of 34 patients (26%) who had in- 
ducible VT during the baseline electrophysiologic study. 
Induction of VT was suppressed by procainamide in 4 
patients (mean serum level 10.3 + 5.9 ug/ml), quinidine 
in 1 (serum level 3.2 g/ml), nadolol or propranolol in 
2, and a combination of procainamide (serum level 6.4 
+ 0.9 ug/ml) and propranolol in 2. These patients were 
treated chronically with the drug(s) that suppressed the 
induction of VT. One patient died suddenly after 1 
month of treatment. Another patient (who did not un- 
dergo left ventricular stimulation during electrophar- 
macologic testing) had an episode of symptomatic VT 
after 1 week of treatment, underwent coronary bypass 
grafting, and has had no recurrence of VT or cardiac’ 
arrest over 21 months of follow-up. A third patient had 
recurrence of aborted cardiac arrest after 17 months of 
treatment, and subsequently underwent insertion of an 
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automatic internal defibrillator. The remaining 6 of 9 
patients had no recurrence of cardiac arrest or symp- 

‘tomatic VT over a mean follow-up period of 20 + 7 
months. ' 

_ During electropharmacologic testing with conven- 
tional antiarrhythmic drugs, VT remained inducible in 
25 of 34 (74%) patients who had inducible VT during the 
baseline electrophysiologic study. These patients un- 
derwent an average of 1.8 drug trials each. Twenty-one 
of these 25 patients failed testing with intravenous 
procainamide (mean serum level 12.9 + 6.8 ug/ml). 
There was no significant difference in the proportion 
of patients with ischemic heart disease (20 of 25 versus 
5 of 9) or mean ejection fraction (0.38 + 0.10 versus 0.46 
+ 0.15) in these 25 patients and the 9 in whom VT in- 
duction was suppressed by a conventional antiar- 
rhythmic drug. One of these 25 patients underwent 
coronary artery bypass grafting and aneurysmectomy 
and died suddenly 12 months after surgery. Another 
patient underwent coronary artery bypass grafting and 
map-directed endocardial resection and has remained 
well for 39 months. The remaining 23 of 25 patients were 

. treated with amiodarone (mean dose 550 + 120 mg) ei- 
ther alone (17 patients) or in combination with pro- 
cainamide (in 6 patients procainamide slowed the rate 
of induced VT). One patient died suddenly after 1 
month of treatment, and another patient died from 
refractory VT after 3 months of treatment. The re- 
maining 21 of 23 patients (91%) who were treated with 
amiodarone have had no recurrence of cardiac arrest or 
symptomatic VT over a mean follow-up period of 18 + 

_ 14 months (range 7 to 65). 

- Overall, in the 45 patients who survived a cardiac 
arrest and underwent electrophysiologic testing, 4 of 45 
patients (9%) died due to VT or VF at 4.2 + 5 months 
of follow-up, 2 of 45 (4%) had a nonfatal recurrence of 
. VT at 1 week and 17 months of follow-up, and 39 of 45 

- (87%) have had no recurrence of symptomatic VT or VF 
over a follow-up period of 18 + 12 months. 


Discussion 


Previous studies have shown that patients who sur- 
vive an episode of cardiac arrest in the absence of a 
transmural myocardial infarction and who are treated 

‘with conventional antiarrhythmic drugs in a non- 
standardized fashion have a mortality of 34 to 36% at 
1 year of follow-up.8-!© In comparison, in the present 
series of 45 patients in whom therapy was guided by the 
‘results of electrophysiologic testing and in whom ami- 
odarone was used in 50% of patients, the mortality from 
VT or VF was only 9% at 1:5 years of follow-up. The 
lower mortality in the present series suggests that 
electrophysiologic testing and/or the use of amiodarone 
may play a role in improving survival in a group of pa- 
tients at high risk of sudden death. f 

The finding of inducible VT in 76% of patients who 
survived a cardiac arrest is similar to the findings of 
Josephson,? Ruskin,? and their co-workers, who re- 
ported inducible VT in 60 and 74% of such patients, 
respectively. In contrast, Myerburg et al! found that 


only 29% of patients who had survived a cardiac arrest _ 


è 


had inducible VT. However, in the last series, only 1 
extrastimulus was used in the ventricular stimulation 
protocol, compared with 2 extrastimuli in the series of 
Josephson and Ruskin and 3 extrastimuli in our series. 
Thus, programmed ventricular stimulation should be 
performed with at least 2 extrastimuli to avoid false- 
negative results. The relative sensitivity and specificity 
of 2 versus 3 extrastimuli remain to be determined. 
Left ventricular stimulation was required to induce 
VT in approximately 10% of patients who had inducible 
VT. However, we performed right ventricular stimula- 
tion at only 1 site, the apex. It is possible that right 
ventricular stimulation at more than 1 site may at times 
eliminate the need for left ventricular stimulation. In 
any case, to maximize the yield of VT induction studies, 
ventricular stimulation should be performed at more 
than 1 site. 
In the patients in this series who did not have in- 
ducible VT with programmed ventricular stimulation, 
possible reasons for its lack include the following: (1) 
The spontaneous arrhythmia may have been due to 
abnormal automaticity rather than reentry and thus 
may not be provocable with programmed stimulation. 
This is the most likely explanation in the patient who 
had no inducible VT despite having frequent sponta- 
neous episodes of VT before and after the electro- 
physiologic study. (2) The onset of spontaneous VT or 
VF may have been related to transient myocardial 
ischemia that was not present at the time of the ven- 
tricular stimulation study. This is a likely explanation 
in the patient who had coronary spasm, in the 2 patients 
who had stenosis of the left main coronary artery and 
underwent coronary artery bypass grafting before the . 


‘ventricular stimulation study, and in the 3 patients with 


CAD who experienced a cardiac arrest during strenuous 
exertion. (3) The spontaneous episode of VT or VF was 
related to an abnormality that was corrected by the time 
of the electrophysiologic study (for example, hypoka- 
lemia, quinidine-induced Q-T prolongation, or aortic 
stenosis). Thus, in 2 of our patients the lack of inducible 
VT can be attributed to discontinuation of quinidine 
in 1 and aortic valve replacement in the other. In pa- 
tients who survive a cardiac arrest and do not have in- 


‘ducible VT, another possible explanation for the lack 


of inducible VT may be that the patient has the con- 
genital long Q-T syndrome; VT can be induced with 
programmed stimulation in only a minority of these 
patients.4 

In the series by Ruskin et al,? 6 patients who had 
survived a cardiac arrest did not have inducible VT; 
these patients were not treated with antiarrhythmic 
drugs and had no recurrence of cardiac arrest over a’ 
mean follow-up of 15 months. However, no details of 
their treatment, such as surgery or antianginal drugs, 
were given. The 11 patients in our series who did not, 
have inducible VT also have had no recurrence of 
symptomatic VT or VF. Only 2 of 11 patients were - 
treated with antiarrhythmic drugs specifically aimed 
at suppressing ventricular arrhythmias. Thus, in pa- 
tients who have survived a cardiac arrest, electrophys- 
iologic testing may be helpful in identifying those with 
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a low risk of recurrent VT or VF when treatment is di- 
rected toward the underlying heart disease without 
specific antiarrhythmic therapy. . 

In the patients in whom VT was induced with pro- 
grammed ventricular stimulation, electropharmacologic 
testing with conventional antiarrhythmic drugs was 
disappointing, with suppression of VT induction in only 
26%. Of the patients in whom the induction of VT could 
not be suppressed, 21 of 25 were tested with large doses 
of procainamide. Although most of these patients were 
not tested with a second type I antiarrhythmic drug, it 
is unlikely that such testing would have been successful 
in suppressing the induction of VT, since Waxman et 
al!! reported that in 63 patients who had inducible VT 
with procainamide, only 9% of 144 additional drug trials 
with conventional agents were successful in suppressing 

‘VT induction. Similarly, in the series by Ruskin et al,? 
conventional antiarrhythmic drugs were successful in 
suppressing the induction of VT in only 34% of patients 
undergoing electropharmacologic testing. Electro- 
physiologic testing is therefore helpful in the manage- 
ment of patients with aborted cardiac arrest by identi- 
‘fying the large subgroup of patients who should be 
treated wtih investigational drugs or surgery. 

Of the 9 patients who were treated with conventional 
drugs that suppressed the induction of VT during 
electropharmacologic testing, 3 had a recurrence of VT 
or VF despite continued treatment with the original 
drug regimen. Thus, the suppression of inducible VT 

during electropharmacologic testing in patients who 

have survived a cardiac arrest may not guarantee a 
successful long-term clinical response. Discordance 
between the results of acute drug testing and the chronic 
clinical response may be a result of progression of the 
underlying heart disease or fluctuations in other vari- 
ables that may influence the propensity to develop VT 
or VF, such as sympathetic tone and the degree of 
myocardial ischemia. 

Of the 23 patients who were treated P amiodarone, 
92% have remained free of symptomatic VT or VF over 
18 months of follow-up. Previous studies have also re- 
ported an excellent response to amiodarone in patients 
with recurrent VT or VF.%12!8 We and others have 
demonstrated that the induction of VT during chronic 
oral amiodarone therapy does not preclude a good 
clinical response:®" Therefore, in our series no further 
electropharmacologic testing was performed when pa- 
tients were treated with amiodarone. 

In light of the excellent response in the subgroup of 
patients treated with amiodarone, an alternate ap- 
proach to electropharmacologic testing in the man- 
agement of patients who have survived a cardiac arrest 
might be simply to treat all such patients empirically 
with amiodarone. This approach was employed by Peter 
et al!4 in 27 patients who had survived a cardiac arrest; 


these patients were treated empirically with amiodarone 
without undergoing an electrophysiologic study. The 
recurrence rate of VT or VF was only 7% at the end of 


_ Lyear of treatment. The principal disadvantage of this 


approach is that those patients who would have re- 
sponded to conventional drugs are exposed to the risks 
of therapy with an experimental agent. 
In summary, the following conclusions can be drawn 
from our study of 45 patients who survived a cardiac 
arrest: (1) VT can be induced in, 76% of patients. (2) The 
lack of inducible VT may identify patients who have a 
low risk of recurrent VT or sudden death when therapy 
is directed toward the underlying cardiac abnormality. 
(3) Electropharmacologic testing with conventional 
antiarrhythmic drugs is disappointing, with a minority 
(26%) of patients responding to these drugs. (4) In the 
patients who do not respond to electropharmacologic 
testing with conventional drugs, treatment with ami- 
odarone is associated with a low recurrence rate of VT 
or sudden death. If the favorable outcome of amiodar- 
one therapy in these patients is confirmed, empiric trials 
with this drug would be indicated, obviating serial 
electropharmacologic testing. 
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Quinidine for Ventricular Arrhythmias: Value of 


Electrophysiologic Testing 


JOHN P. DIMARCO MD, PhD, HASAN GARAN, MD, and JEREMY N. RUSKIN, MD 





Qulnidine was evaluated during serial electro- 
physiologic testing with programmed ventricular 
stimulation in 89 patlents with life-threatening 
ventricular arrhythmlas. In 30 of the 89 patlents, 
quinidine therapy prevented the initiation of ven- 
tricular tachycardla (VT) during programmed ven- 
tricular stimulation. In 8 additional patients no single 
drug tested was effective, and quinidine in combi- 
nation with elther mexiletine (7 patients) or pro- 
pranolol (1 patient) prevented the Initiation of VT 
during electrophysiologic testing. The mean serum 
concentrations of quinidine in the patients who re- 
sponded and those who failed to respond were 2.9 
‘+ 0.8 and 2.8 + 1.1 ug/ml, respectively; however, 
but nonresponders were characterized by more 


Quinidine, a cinchona alkaloid, has been known to have 
electrophysiologic effects for over 200 years. Its suc- 
cessful use in the treatment of VT was reported early 
in this century. Since that time it has remained one of 
the principal drugs used for prophylaxis against recur- 
rent VT.23 Within the last 10 years, electrophysiologic 
testing with programmed ventricular stimulation has 
become established as a method for assessing antiar- 
rhythmic therapy in patients with ventricular ar- 
rhythmias. In this report we describe the effects of 
quinidine observed during electrophysiologic testing in 
89 eens with ventricular arrhythmias. 


Methods 


We administered quinidine to 89 patients with a history of 
1 or more clinical episodes of either VT or ventricular fibril- 
lation (VF) during an evaluation that utilized intracardiac 
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severe congestive heart fallure and an increased 
incidence of digitalis use. During chronic therapy (24 
+ 3 months) with quinidine olther alone or In com- 
bination with a second antlarrhythmlc drug In the 38 
patlents whose arrhythmia had been suppressed 
during electrophysiologlc testing, 32 (84% ) remain 
symptom-free while 3 have had recurrent arrhyth- 
mia and 3 discontinued quinidine because of ad- 
verse effects. These data demonstrate that quini- 
dine, when selected on the basis of electrophysio- 
logic testing, provides effective long-term prophy- 
laxis agalnst recurrent ventricular arrhythmia and 
that approximately 40% of patients tested are likely 
to respond elther to quinidine alone or quinidine in 
combination with another antlarrhythmic agent. 


electrophysiologic techniques. In 86 of 89 patients, VT or VF 
had been initiated by programmed cardiac stimulation during 
a baseline study performéd 48 or more hours after discontin- 
uation of any previous antiarrhythmic therapy. In the re- 
maining 3 patients, multiple episodes of VT or VF occurred 
when attempts were made to withdraw therapy; these 3 pa- 
tients underwent the initial electrophysiologic study while 
receiving quinidine. Patients referred to our laboratory with 
a history of an allergic reaction to quinidine were not rechal- ° 
lenged with the drug. Patients who had previously had VT or 
VF during chronic therapy with quinidine were also excluded 
if documentation of an adequate serum level at the time was 
available. The clinical characteristics of the 89 patients in- 
cluded in this report are listed in Table I. 
Electrophysiologic procedures: The initial electro- 
physiologic evaluation was performed with the patient in a 
fasting, nonsedated state after informed consent had been 
obtained. Digoxin, if required for congestive heart failure or 
atrial fibrillation, and ‘propranolol, if required for angina, were 
continued. Digoxin dosage was adjusted to maintain the serum 
concentration between 0.8 and 2.0 ng/ml throughout the study 
period. Two to 4 quadripolar electrode catheters with a 1 cm 
interelectrode distance were inserted percutanéously through 
femoral and antecubital veins and positioned with fluo- 
roscopic guidance at multiple intracardiac sites. Intracardiac 
electrograms were filtered below 30 and above 500 Hz and 
displayed simultaneously with scalar electrocardiographic 
leads I, H, and V; on a multichannel oscilloscope (Electronics 
for Medicine, VR-12). Data were stored on frequency-mod- 
ulated magnetic tape (A-R Vetter, Rebersburg, Pennsylvania) 
and later retrieved on photographic paper at speeds of 75 to 
200 mm/s. . 
Ventricular stimulation was performed with a program- 
mable constant current stimulator (Medtronic 5325) that 
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delivered rectangular pulses of 2 ms duration. Ventricular 
stimulation was performed from 1 or more right ventricular 
sites at 4 to 5 times diastolic threshold (minimum 2 mA). The 


following stimulation protocol was used‘: (1) atrial pacing | 


at incremental rates of 100 to 300 beats/min; (2) premature 
atrial stimulation during atrial pacing at 1 or more basic cycle 
lengths; (3) ventricular pacing at incremental rates of 60 to 
100 beats/min for 30 seconds; (4) premature ventricular 
stimulation with single (S2) and double (So-S3) extrastimuli 
during sinus rhythm and during fixed-rate ventricular pacing 
at multiple basic cycle lengths; (5) rapid ventricular pacing 
in brief bursts at rates of 100 to 280 beats/min: 3- to 5-beat 
pacing bursts were delivered at progressively shorter cycle 
lengths until 1:1 capture could no longer be achieved, sus- 
tained VT or VF occurred, or a paced rate of 280 beats/min 
was reached. 


The same ventricular stimulation protocol was employed . 


during both the initial study and during subsequent drug 
trials. The initiation of either sustained VT (>100 beats) or 
nonsustained VT (5 to 100 beats) was considered a significant 
response to stimulation.*® 


After the initial study, subsequent programmed stimulation : 


trials were carried out using an indwelling bipolar electrode 
positioned at the right ventricular site from which VT had 
been initiated previously. Trials were conducted during 
steady-state quinidine therapy after serum concentrations 
of any previously used agent had dissipated. The mean total 
daily dose of quinidine base was 1,087 + 204 mg with a range 
of 604 to 1,920 mg. Seventy-three patients received 3 or 4 di- 
vided doses/day of quinidine sulfate while 16 patients with 
gastrointestinal intolerance to quinidine sulfate received 
quinidine gluconate at similar intervals. 

’  Quinidine therapy was evaluated during this in-hospital 

' phase using 4 end points: (1) suppression of ability to initiate 
VT or VF by programmed ventricular stimulation; (2) initi- 
ation of VT or VF by programmed ventricular stimulation; 
(3) a clinical episode of spontaneous VT or VF before restudy 
with a simultaneous serum quinidine level of at least 2.0 ug/ml; 
or (4) intolerable early adverse effects. Patients who had an 
episode of symptomatic or sustained VT, cardiac arrest, or 
unexplained syncope during quinidine therapy were consid- 


ered chronic treatment failures. During the first 24 to 48 hours - 


of quinidine treatment, electrocardiographic rhythm strips 
were monitored and, if either marked Q-T prolongation 
(>+50% baseline), QRS widening (>+20% of baseline) or 


atrioventricular block was noted, quinidine was either dis-. 


continued or its dosage reduced. 

Forty-nine patients received quinidine on only 1 dose 
schedule. The other 40 patients continued to manifest VT in 
response to ventricular stimulation during their initial trial 
with quinidine and were then begun on therapy at a higher 
dose. Thirty-one of these 40 patients underwent repeat pro- 


TABLE! Clinical Characteristics of 89 Patlents 


Sex 73 Male 
16 Female 
. Age 57 + 12 Years 
Cardiac diagnosis 


Clinical presentation 56 VT 
21 VF 
12 Syncope? 


* Ventricular tachycardia initiated by ventricular stimulation at initlal 
alectrophyslologic study. ASHD = atherosclerotic heart disease; HD 
= heart disease; NSHD = no structural heart disease. 





grammed ventricular stimulation on the higher dose. The 
other 9 patients were unable to tolerate the higher dose be- 
cause of adverse effects and were considered nonresponders 
to quinidine. All data presented represents that obtained 


` during EP. testing on the highest dosage of quinidine 


reached. 

Quinidine was used in combination with a second antiar- 
rhythmic agent only if both agents had been shown to be in- 
effective in preventing initiation of VT when each agent was 
used separately. Therapeutic trials involving quinidine in a 


- combination with 1 or 2 other antiarrhythmic agents were 


performed in 35 patients. 

Quinidine serum concentrations were determined at the 
time of electrophysiologic testing using fluorometric analysis 
after benzene extraction in a modification of the method of 
Cramer and Isaksson.®? This method measures quinidine and 
dihydroquinidine and excludes polar metabolites.” The effects 
of quinidine in each individual patient were assessed using a 
t test for matched pairs while comparisons. between re- 
sponders and nonresponders were made using a 1-tailed t test 
for unmatched groups. 


Results 


Initial electrophysiologic studies: In 86 ant: 
programmed cardiac stimulation initiated VT or VE 
during the initial study of antiarrhythmic drugs. Three 
patients had 1 or more spontaneous episodes of VT 
when attempts to withdraw therapy were made. The 
tachycardia rate was 237 + 30 (mean + standard de- 
viation) beats/min. All episodes of VT or VF ended 
spontaneously or were interrupted without complica- 
tion using either ventricular pacing or transthoracic, 
direct-current countershock. 

Ventricular stimulation during quinidine ther- 
apy (Table II): Between 36 and 72 hours after the ini- 
tiation of quinidine therapy, but before repeat EP 
testing was performed, 5 patients had a spontaneous 
episode of VT or VF. The serum quinidine concentra- 
tion determined at that time was 2 to 3.2 ug/ml in these 
5 patients. Three other patients developed adverse ef- 
fects after the first several doses of quinidine. These - 
adverse effects included fever, atrioventricular block, 
and severe hypotension, each of which occurred in 1 
patient. These 8 patients did not undergo repeat pro- 
grammed ventricular stimulation while taking quini- 
dine. 

In 30 of the remaining 81 patients, quinidine pre- 
vented the initiation of VT or VF by programmed 
ventricular stimulation. Sample electrocardiograms 


` obtained in a patient who responded to quinidine are 


shown in Figure 1. In the 30 patients who responded to 
quinidine, the mean serum quinidine concentration at 
the time of testing was 2.9 + 0.8 ug/ml. 

In 51 patients of the 81 patients tested, quinidine 
failed to prevent the initiation of a ventricular ar- 


TABLE II Electrophysiologic Testing With Quinidine 





VT/VF suppresslon 30 (34%) 
VT/VF still Inducible 56 (63%) 
Early adverse effects 3 (3%) 


Total patients a: f 
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FIQURE 1. Response to quinidine in a patient with VT. Panel A, the tracings (top to bottom) represent surface electrocardiographic leads |, Il, and 
V,, and intracardiac recordings from the high right atrium (HRA) and the atrioventricular Junction (AVJ). Two ventricular extrastimuli (S and Sa) 
during fixed rate ventricular pacing at a cycle length (S;-S,) of 600 ms initiate sustained ventricular tachycardla. Panel B, all tracings represent 
surface electrocardiographic lead I!. During quinidine therapy multiple attempts to Initiate VT with double extrastimuli are unsuccessful and stimulation 
with shorter coupling intervals is impossible. Similar responses were noted to double extrastimull at other basic cycle lengths and to bursts of rapid 


ventricular pacing (see Methods). 


rhythmia by programmed ventricular stimulation. The 
mean serum concentration in the group of nonre- 
sponders was 2.8 + 1.1 ug/ml and, as shown in Figure 
2, the distribution of quinidine serum concentrations 
„resembled that seen in those patients who responded 
to the drug. The effect of quinidine on the rate of in- 
duced VT observed is shown in Figure 3. Quinidine 
produced a modest decrease in the mean tachycardia 
rate from 222 + 35 (mean + standard deviation) to 196 
i + 54 beats/min (p <0.001). However, there was wide 


individual variation in the responses observed with 
changes of —120 to +60 beats/min noted in the rates of 
VT during therapy with quinidine. In 3 patients in 


.whom a uniform morphology VT was initiated at the 


time of initial EP study, a more rapid polymorphic VT 
that degenerated rapidly to VF was observed during 
therapy with quinidine. In all 3 patients, serum quini- 
dine concentrations were <3.0 ug/ml and none had 
markedly prolonged QRS durations or Q-Tc intervals 
(see Methods). 
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RESPONDERS 


NON- RESPONDERS 
FIGURE 2. Quinidine serum concentrations In responders and nonre- 
sponders. Each point represents the serum concentration of quinidine 
in a patient at the time of repeat electrophyslologic study or fallure 
before restudy. Only the highest concentration achieved Is plotted for 
patients tested twice on different dosages. 


TABLE Ill Characteristics of Quinidine Responders and 








Nonresponders 
Responders Nonresponders 
(n = 30) (n = 56) p Value 
LV ejection fractlon (%)* 53 + 18 35 +17 <0,002 


Digitalis therapy 6/30 (20%) 34/56 (61%) <0.002 

A ERP RV (ms) +35 + 23 +33 + 22 NS 

Quinidine doset 1,053 +309 1,104 + 300 NS 
(mg day~") 

Quinidine serum 2.9 + 0.8 2.8 + 1.1 NS 


concentration 


(ug/ml) 


* Determined by either radionuclide anglography or contrast left 
ventriculography. t Expressed as quinidine base. A ERP RV = change 
In effective refractory period at the right ventricular stimulation site; 
NS = not significant. All values are mean + standard deviation. 





TABLE IV Results of Chronic Therapy 








Responders Nonresponders * 
Response During Quin Quinand Quin Quin and 
EP Study Alone 2ndAAD Alone 2nd AAD 
~ Alive and well 25 7 1 3 
Late VT or VF 2 1 1 5 
Late adverse effects 3 0 0 0 


* Nonresponders during electrophysiologic (EP) testing on an antl- 
arrhythmic regimen using quinidine who were discharged on that reg- 
Imen when no effective regimen could be identified. AAD = antiar- 
rhythmic drug; Quin = quinidine. 
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FIGURE 3. Effect of quinidine on VT rate. The hortzontal axis represents 
the rate of VT observed at the Initial study and the vertical axis repre- 
sents the rate of the tachycardia during quinidine therapy. Although the 
usual effect was a decrease In tachycardia rate (points below the line 
of identity), in some patients acceleration was the observed effect 
(points above the iine of Identity). 


Seven of the 31 patients (23%) tested at a second 
dosage level of quinidine responded to the increased 
dose. In all 7 the quinidine serum concentration had 
been $1.5 ug/ml (initial, 1.3 + 0.2; final, 3.4 + 0.9) at the 
time of the first trial. In the remaining 24 patients who 
underwent stimulation on 2 different dosage regimens, 
a higher serum concentration of quinidine at the second 
study (2.0 + 0.5 versus 2.9 + 1.1 ug/ml) did not increase 
drug efficacy. In the entire series there were 6 patients 
in whom serum concentrations 21.5 ug/ml could not be 
achieved without severe gastrointestinal adverse effects. 
This precluded higher dose therapy in these 6 patients 
and they are considered nonresponders. 

Combinations with other antiarrhythmic drugs: 
Thirty-five patients who did not respond to quinidine 
alone were subsequently tested while receiving quini- 
dine in combination with 1 or more antiarrhythmic 
drugs. Either mexiletine, propranolol, or amiodarone 
was the second drug used. Seven patients responded to 
a combination of quinidine and mexiletine and 1 pa- 
tient’s arrhythmia was suppressed with a combination 
of quinidine and propranolol during electrophysiologic 
testing. 

Characteristics of responders and nonrespond- 
ers: Table III compares the 30 patients who responded 
to quinidine alone with the 56 patients in whom quini- 
dine therapy did not suppress spontaneous or stimu- 
lation-induced VT. The 3 patients with early adverse 
effects who did not undergo electrophysiologic testing | 
while receiving quinidine are excluded. Quinidine pro- 
duced a similar increase in the effective refractory pe- 
riod of the right ventricle in both groups. There was no 
significant difference between the 2 groups in either the 
dose of quinidine administered or the serum concen- 
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trations achieved. However, responders did have sig- 


nificantly higher left ventricular ejection fractions and - 


were less likely to be receiving digitalis therapy than 
were nonresponders. Since in almost all cases digitalis 
therapy was used for the treatment of congestive heart 
=- failure, our data are insufficient to examine these 2 
`. variables separately. However, serum digoxin levels 
' were monitored during quinidine therapy; in only 1 case 
. was a concentration >2.0 ng/ml detected. 
' Results during chronic therapy (Table IV): 
Chronic therapy with quinidine, either alone (30 pa- 
tients) or in conjunction with‘a second antiarrhythmic 
. drug (8 patients), was initiated in 38 patients whose 
arrhythmias were suppressed during programmed 


ventricular stimulation while receiving quinidine. The ` 


long-term results of this therapy are given in Table IV. 
-Twenty-five of 30 patients receiving quinidine alone and 
7 of 8 patients receiving quinidine in combination with 
-` another agent have remained free of VT, VF, or syncope 
- during a mean follow-up of 24 + 3 months. Three pa- 
- tients had adverse effects (severe diarrhea in 2 patients 
and fever in 1 patient) that necessitated discontinuation 
of quinidine therapy. Two patients receiving quinidine 
alone and 1 patient receiving quinidine in conjunction 
with mexiletine died suddenly during the follow-up 
period. These 3 deaths occurred 1; 3, and 12 weeks after 
` hospital discharge. One of these 3 patients had stable 
but severe left ventricular dysfunction and the other 2 
had severe angina and were awaiting coronary artery 
bypass surgery. 
Ten patients whose inducible arrhythmias were not 
fully suppressed on any medical regimen tested were 
- discharged on quinidine therapy. Eight received quin- 
. idine in combination with other agents while 2 received 
quinidine alone. Six of these 10 patients (60%) have had 
a recurrent symptomatic episode of VT or VF during 
the follow-up period. 
If patients with adverse effects during chronic ther- 
_apy are excluded, the results of programmed cardiac 
stimulation are seen to be highly predictive of long-term 
efficacy. When quinidine prevented the initiation of VT 
or VF during electrophysiologic testing, it subsequently 
proved effective during chronic therapy in 32 of 35 pa- 
tients. In contrast, when quinidine therapy was pre- 
dicted by electrophysiologic testing to be ineffective, 
only 4 of 10 patients remained free of symptomatic ar- 
rhythmia. The difference between these groups is highly 
significant (p <0.002 by Fisher’s test). 


Discussion ` 


An evaluation of the acute phase efficacy of any form 
of antiarrhythmic therapy requires a reproducible end 
point that bears a direct relation to the goal of therapy. 
The suppression of the ability to initiate VT by means 
of programmed ventricular stimulation has been shown 
previously to predict future protection from recurrent 

- ventricular arrhythmias.5:89 In this study, serial elec- 
.trophysiologic testing was employed to assess the effi- 
cacy of quinidine in the treatment of selected patients 
with serious ventricular arrhythmias. Our results 
demonstrate that 30 of 89 (84%) patients with VT at 
, their initial electrophysiologic study failed to -manifest 


any ventricular arrhythmia in response to programmed 
ventricular stimulation while receiving quinidine. In an 
additional 8 patients, full suppression was achieved 
when quinidine was used in combination with a second 
antiarrhythmic agent. Thus, on the basis of acute elec- 
trophysiologic testing, quinidine was predicted to pro- 
vide or contribute to long-term protection from recur- 
rent VT or VF in 38 of 89 (48%) consecutive patients in 
whom it was tested. Over a mean of 24 months clinical 
follow-up, 32 of these 38 (84%) patients were success-: 


- fully treated, while failures occurred in 3 (7.9%) patients 


with intolerable adverse effects and 3 (7.9%) with re- 
current arrhythmias. 

Two previous series involving the use of programmed 
ventricular stimulation in patients with ventricular 
arrhythmias have included a group of patients studied 
while receiving quinidine. Horowitz et al® reported 
quinidine effective in 1 of 12 patients, while Mason and 
Winkle? reported that 5 of 14 patients (36%) responded 
favorably to the drug. Details correlating drug levels 
with efficacy are unavailable from these reports and 
some patients received only a single loading intravenous 
infusion before repeat programmed ventricular stimu- 
lation was performed. Several other studies have re- 
ported quinidine’s efficacy in suppressing either spon- 
taneous or exercise-induced ventricular ectopic activity. 
In 2 separate reports, Lown et al!%11 reported that 
short-term administration of quinidine was effective in 
7 of 28 and 10 of 18 patients with frequent or complex 
ventricular premature beats, respectively, for a com- 
bined success rate of 41% (17 of 41 patients). Gey et al, £ 
using a single oral loading dose, found that quinidine 
was “partially or totally successful” in 9 of 19 patients 
with ventricular ectopic activity during exercise testing. 
Winkle et al/3 examined the effects of quinidine on 
ventricular ectopy and found quinidine to be effective 
in 8 of 13 patients during ambulatory monitoring and 
in 6 of 10 patients during exercise testing. However, as 
discussed by Winkle,!4 there are problems in the as- 
sessment of antiarrhythmic drug efficacy using such 
techniques due to the low reproducibility of arrhythmia 
on successive recordings during serial exercise or am- 
bulatory monitoring periods. This factor limits the 
practical utility of the estimates made in the studies 
cited above. Responses to programmed ventricular’ 
stimulation during serial drug testing are highly re- 
producible, 15 and drug effects may be reliably assessed 
using this form of testing. In this series, when electro- 
physiologic techniques were used in a large group of 
patients, the efficacy rate of quinidine was comparable. 
to that reported with other techniques®!2 and the data 
obtained accurately predicted the outcome of chronic 
therapy. ; 

The quinidine serum concentrations required to 
produce suppression of VT during repeat ventricular 
stimulation ranged from 1.2 to 5.1 ug/ml (2.9 + 0.8, 
mean + standard deviation). Ninety percent of the ` 
values were between 1.5 and 4.0 ug/ml, and all but 1 of 
the patients treated successfully during chronic fol- 
low-up were within this range. The fluorometric assay 
employed in this study yields results comparable to 
highly specific chromatographic techniques.”:!6 Thus, 
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these data may be used to define an approximate 
“therapeutic range” for quinidine in patients with VT 
or VF unassociated with acute myocardial infarction. 
However, if a less specific assay which includes other 
quinidine metabolites, such as the protein precipitation 
method of Brodie et al!” or a less selective extraction 
procedure is employed, a higher range would have to be 
established for that particular laboratory. Previous 
investigators using a variety of criteria for antiar- 
rhythmic efficacy reported similar mean levels in their 
patient groups with either atrial!8!9 or ventricular??? 
arrhythmias; at least 2 reports observed that serum 
levels seen in responders and nonresponders were 
comparable.?!,22 These data confirm that antiarrhyth- 
mic drug therapy must be individualized for each pa- 
tient. The success rate of only 30 to 40% observed in this 
series should serve to caution physicians initiating 
antiarrhythmic therapy with quinidine to define care- 
fully criteria for efficacy and to anticipate that only a 
minority of individual patient trials are likely to be 
successful. 

Recently, Engel et al?3 and Greenspan et al*4 reported 
that high dose procainamide therapy may achieve 
control of ventricular arrhythmias resistant to tradi- 
tional therapy with that drug. Acute toxicity was not 
markedly increased. During therapy with quinidine, 
however, gastrointestinal side effects may become more 
prominent with even modest increases in dosage and 
added benefits from high dose programs may be diffi- 
cult to achieve. However, there may be some patients 
able to tolerate such therapy in whom arrhythmia 
suppression can be maintained without toxicity. 

The results of this study do not allow us to predict 
with certainty which patients with ventricular ar- 
rhythmias will respond to quinidine. Patients with 
congestive heart failure seem less likely to respond. This 
may be related to the concurrent use of digoxin in these 
patients even though serum digoxin concentrations were 
within the accepted therapeutic range. At the concen- 
trations employed in this series of patients, quinidine 
has not been shown to affect myocardial contractility 
adversely.25 The presence of heart failure, however, is 
a frequently noted determinant of an adverse prognosis 


in patients with ventricular arrhythmias”*~*; it is pos-. 


sible that the electrophysiologic abnormalities in pa- 
tients with ventricular dysfunction are more resistant 
to any pharmacologic therapy. Other factors may also 
affect the results of antiarrhythmic therapy. In this 
series, 2 patients without signs of congestive heart 
failure experienced a fatal arrhythmia in the setting of 
unstable angina pectoris despite arrhythmia suppres- 
sion during acute electrophysiologic testing. These 
observations emphasize.the fact that the severity of the 
underlying cardiac disease remains a critical determi- 
nant of both acute and chronic responses to therapy for 
ventricular arrhythmias and effective therapy must 
always be directed at multiple factors. 

Prescription of antiarrhythmic therapy requires the 
use of appropriate criteria to predict long-term antiar- 
rhythmic efficacy. The correlation demonstrated in this 
study between responses during electrophysiologic 


testing and clinical efficacy during long-term follow-up: 


19. Sodermark T, Edhag O, Sjogren 


confirms the value of such studies in the prescription 
of prophylactic antiarrhythmic drug therapy with 
quinidine. When its use is guided by these techniques, 


quinidine remains a useful agent for long-term pro- e 


phylaxis in selected patients with recurrent, life- 
threatening ventricular arrhythmias. 
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Enhanced Parasympathetic Tone Shortens Atrial 


Refractoriness | in Man 
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The purpose of this study was'to determine the ef- 
fects of enhanced vagal tone on-human right atrlal 
refractoriness In 12 patlents. A specially built neck 
collar connected to a vacuum source was placed 
around the patlent’s neck and enhanced vagal tone 
was produced during neck suction using’ intracollar 
negative pressures of 50 to 60 mm Hg. Refractory 
_ perlods were determined with a catheter electrode 
positioned in the high right atrium near the sinus 
node. Induced neck suction Increased the sponta- 
neous sinus cycle length from 837 + 96 to 1,136 + 


Vagal stimulation or the addition of acetylcholine! 
shortens atrial refractoriness, action potential duration, 
or both in rabbit, cat, and dog atria. Further, recent in 
vitro datat in normal human atrial tissue obtained at 
surgery demonstrate that ouabain shortens the action 
potential duration, an effect prevented by atropine. 
This observation suggests that the primary effect of 
ouabain was mediated through muscarinic receptors. 
Because it is difficult to increase vagal tone in vivo 
without stimulating the vagal nerves directly, studies 
in patients to evaluate the effects of heightened vagal 
tone on atrial refractoriness have relied on indirect 
approaches such as inhibiting vagal tone with atropine 
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273 ms (p <0.001) and shortened the atrial effective 
refractory period from 241 + 24 to 230 + 20 ms (p 
<0.01) and the atrial functional refractory period 
from 272 + 32 to 262 + 29 ms (p <0.01). In 2 of 2 
patients, collar-induced decreases in atrlal refrac- 
toriness and Increases In spontaneous cycle length 
were prevented after atropine (0.03 mg/kg) was 
given intravenously. It is concluded that enhanced 
vagal tone mediated through muscarinic receptors 
shortens atrial refractory perlods in man. 


or increasing vagal tone with ouabain. In conflict with 
the aforementioned data obtained during in vitro ex- 
periments or during in vivo animal expériments, 
Dhingra ét.al demonstrated in man that atropine 
shortened5 and ouabain prolonged® atrial refractoriness. 
Interpretation of these results suggests that heightened 
vagotonia prolongs atrial refractoriness in man, a con- 
clusion discordant with the previous data. However, in 
neither of these studies was the sympathetic nervous 
system blocked, and the results may have been due in 
part to the complex interactions of the parasympathetic 
and sympathetic nervous systems on the heart.7”- For 
example, acetycholine, by activating muscarinic re- 
ceptors, can cause presynaptic inhibition of norepi- 
nephrine release from adrenergic nerves.? Atropine 
might remove vagal inhibition of sympathetic nerves 
and result in shortened atrial refractoriness due to a 
relative increase in adrenergic tone.!° Likewise, ouabain, 
by increasing the effects of vagal tone on adrenergic 
nerves or by exerting an antisympathetic effect,!) might 
prolong atrial refractoriness. The only certain way to 
determine the effects of cholinergic stimulation on atrial 
refractoriness is to increase vagal tone selectively. 
Eckberg et al!? developed a lead collar that can be 
placed around a patient’s neck and through which 


z 
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negative pressures can be generated by vacuum suction. 
Intracollar negative pressure activates the carotid 
baroreflex and, during the first few seconds of suction, 
selectively increases vagal tone. Atropine but not pro- 
pranolol blocks this response.!3-14 The purpose of this 
study was to investigate the effects on human atrial 
refractoriness of increased vagal tone induced by neck 
collar suction. 


Methods 


Twelve patients undergoing electrophysiologic study for 
symptomatic atrioventricular block, ventricular tachyar- 


rhythmias, syncope, or a combination of these (Table I) had 


atrial refractory periods determined before and during neck 
collar suction. No patient had a history of sinus nodal dys- 
function, atrial arrhythmias, or electrocardiographic or 


. echocardiographic evidence of atrial abnormalities. All had 


normal sinus nodal function on electrophysiologic testing. All 
patients were studied in the postabsorptive state and no pa- 
tient was given sedatives before or during the time of study. 
No patient had been: taking digitalis and all cardioactive 
medicines were discontinued 48 to 72 hours before the elec- 
trophysiologic procedure. 

Two to4 multipolar electrode catheters were feared in- 
travenously, using percutaneous technique, and positioned 
in multiple areas in the heart. Local anesthesia was obtained 
using a minimal amount" of 1% xylocaine. Atrial pacing was 
performed with a quadripolar catheter advanced to the heart 
from the right femoral vein. The interelectrode distance. was 
10 mm; the distal electrode pair was used for pacing and the 
proximal pair for recording atrial electrograms. In 11 of 12 
patients, the distal electrode pair of the catheter used to de- 
termine atrial refractoriness was positioned near the area of 
the sinus node in the high right atrium at the junction of the 
atrium and superior vena cava, an area shown to have sub- 
stantial parasympathetic innervation. 316,17 A stable catheter 
position near the sinus node could not be obtained for Patient 
5 and the catheter was positioned i in the high medial right 
atrium near the septum. A programmable stimulator (Med- 
tronic 5325) delivered square wave.stimuli 1.8 mis duration and 
twice late diastolic threshold. Data from multiple surface and 
intracardiac leads were displayed on a multichannel oscil- 
loscopic recorder (Electronics for Medicine VR 12) and di- 
rectly written out on photographic paper at 100 mm/s, Signals 
from the electrocardiographic surface leads were filtered at 
0.1 to 20 Hz and from the intracardiac leads at 30 to 500 
Enhanced vagal tone: To assess the effects of reflex vagal 
stimulation (enhanced.vagal tone) on atrial refractoriness and 
sinus nodal automaticity, a specially built neck suction device 
was used.!? This device was constructed from lead stock and 
can be molded to fit subjects with different cervical anatomy. 


. One line from the neck chamber connects to a vacuum source 


and one connects to a pressure gauge. The chamber was placed 
around the patient’s neck and the degree of suction from the 
vacuum source was adjusted to produce neck suction at in- 
tracollar negative pressures of 50.to 60 mm Hg. 

The vacuum source was turned on and kept at a constant 
level throughout the study but not connected to the patient. 
The patients were instructed to keep their mouths open 


_ during neck suction to prevent an inadvertent Valsalva ma- 


neuver. Intracollar negative pressure was obtained by man- 
ually opening a valve that connected the vacuum source to the 
neck collar; steady-state intracollar negative pressure occurred 
within 1 second after the valve was opemed. The valve was then 
closed to remove intracollar negative pressure. Durations of 
neck suction were 2 seconds for sinus nodal testing and 2 to 
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i Patient Characterlstics - 








TABLE | 
j 
' Age (yr) ` Cardlovascular - Clinical 
Patient | ` & Sex Disease Arrhythmias 
| 
1. _ 58M PED RMVT? 
2 51M f CAD Nonsustalned VT 
3 41F ; MVP Nonsustained VT 
4 65M PED Sustalned VT 
5 33M PED Type | AV block 
6 15M PED Type | AV block 
7 52F CAD RBBB, LAFB 
8 52M CM VT/VF 
P 40M cM None ataned VT 
11 64F PED BT 
12 42M CM Nonsustained VT 





„AV = atrioventricular; CAD = coronary artery disease; CM = idio- 
pathic cardiomyopathy, LAFB = left anterior fascicular block; MVP = 
mitral valve prolapse; PED = primary electrical disease; RBBB = right 
bundle branch block; RMVT = repetitive monomorphic ventricular 
ara VF = ventricular fibrillation; VT = ventricular tachy- 
cardia. 


3 seconds for atrial refractory period testing. It is important 
to note that previous data obtained by us!4 and others! 
demonstrate that during the first 3 seconds of neck suction 
increased vagal tone but not sympathetic withdrawal occur 
due to carotid baroreflex activation. 

The effect of intracollar negative pressure, induced for 2 
seconds, on spontaneous sinus cycle length was obtained 3 
times in each patient before atrial pacing. Then, atrial re- 
fractoriness was determined before and during neck suction 
by the following technique. The atria were paced at a constant 
cycle length (S,-S;) throughout refractory period testing and 
the drive train was not interrupted even after induced pre- 
mature stimuli.!8 Thus, changes in heart rate that can affect 
refractoriness were avoided. After 30 seconds of pacing, pre- 
mature stimuli (S2) were induced aftér every eighth paced 
complex beginning with an S1-S2 interval initially too short 
to.result in atrial depolarization. The S,-S. interval was in- 
creased by 5 ms increments until Sọ produced an atrial re- 
sponse. The S,-So interval was increased further until the 
shortest A1-Ag interval was determined. Then, the effects of 
etihanced vagal tone on atrial refractoriness were evaluated. 
The S,-S2 interval was set at the longest premature interval 
at which Sx tested 3 times did not result in an atrial depolar- 
ization. This S;-S2 interval was tested a fourth time, but 2 to 
3 seconds before Sz intracollar negative pressure was activated. 
If Se resulted in atrial depolarization during neck suction, the 
same 8,-Sy interval was tested 3 additional times without 
induced neck suction to make sure that atrial capture during 
neck suction was not due to a change in the baseline atrial 
refractoriness. The premature coupling interval was decreased 
by 5 ms and tested 3 times before neck suction, during neck 
suction, and again 3 times after neck suction. This procedure 


-was repeated at 5 ms S4-S decrements until an S,-S2 interval 


occurred that did not result in atrial depolarization on 3 at- 
tempts before and during induced neck suction. Thus, each 
S1-S2 interval was tested 6 times without neck suction and at 
least once with neck suction. 

The control atrial effective refractory period was the longest 
S,-S» interval at which Sx consistently resulted in no atrial, 
depolarization during the 6 times it was tested without neck 
suction. Atrial effective refractory period during neck suction 
was the longest S-S, interval at which Sg on 3 consecutive 
attempts did not result in atrial depolarization. The atrial 
functional refractory period was defined as the shortest ob- 
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tainable A;-Ag interval during control or enhanced vagal tone. 
The paired ¢ test was used to analyze changes in sinus cycle 
length and atrial refractoriness before and after neck suction, 
and the data are reported as mean +1 standard deviation. 


Results 


During induced intracollar negative pressure, en- 
hanced vagal tone prolonged the spontaneous sinus 
` cycle length; for each patient the longest P-P interval 
obtained is shown in Table I. The maximum increase 
in P-P interval always was observed during the first 2 
seconds of induced neck suction. For all patients except 
Patients 6, 7, and 10, spontaneous cycle length increased 
more than 20%, and the group cycle length was pro- 
longed from 837 + 96 to 1136 + 273 ms (36%). 

Enhanced vagal tone shortened atrial effective and 
functional refractory periods in 9 of 12 patients; in no 
patient was refractoriness increased (Table II, Fig. 1). 
For all patients, atrial effective refractory period was 
241 + 24 ms before and 230 + 20 ms during induced 
intracollar negative pressure (p <0.01). Atrial functional 
refractory period shortened during neck suction from 
272 + 32 to 262 + 29 ms (p <0.01). Atrial refractoriness 
did not change in Patients 5, 6, and 7. Patients 6 and 7 
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also had minimal increases in spontaneous cycle length 
during induced neck suction. Patient 5 was the only 
patient whose atrial pacing site was not near the area 
of the sinoatrial node. 

Two patients received atropine intravenously (0.03 
mg/kg) (Elkins-Sinn) and atrial refractoriness was re- 
tested using the same pacing cycle length. During at- 
ropine administration, induced intracollar negative 
pressure did not decrease refractoriness as it did in the 
control state. Furthermore, after atropine, neck suction 
had no effect on spontaneous cycle length. 


Discussion 


This study demonstrates that atrial effective and 
functional refractory periods decrease in man during 
enhanced vagal tone, and supports previously published 
data in animals and in vitro data from human atria. To 
augment parasympathetic tone, we used a specially 
designed neck suction device.!? Using this device, 
Eckberg et al!9 showed that during neck suction the first 
significant decrease in systolic arterial blood pressure 
occurred at 3 seconds and diastolic pressure fell at 2 
seconds. During atrial pacing, we measured intraarterial 


SS, 250 


























- -55 — 


FIGURE 1. Change In atrial refractoriness during enhanced vagal tone. Atrial refractory period determinations were made before (A) and during 
(B) induced neck suction. Atrial effective and functional refractory periods were 250 and 265 ms, respectively, and shortened during neck suction 
{--55 mm Hg) to 230 and 245 ms, respectively. Note the repetitive atrial response (arrow) Induced during neck suction. For all panels, the upper 
3 recordings are standard electrocardiographic lead V; and intracardiac electrograms from the high right atrium (HRA) and right ventricle (RV). 
Intracollar pressure is noted on the bottom of the panels by the heavy black line. 
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TABLE JI Effect of Enhanced Vagal Tone on Spontaneous Cycle Length and Atrial Refractoriness (ms) 














Spontaneous ; a 
Cycle Length Atrial ERP Atrial FRP 
Patlent Control EVT PCL Control EVT Control EVT 
1 920 1,740 500 250 230 265 245 
2 780 1,420 500 220 210 255 250 
3 770 950 500 230 220 240 225 
4 950 1,280 600 290 260 340 320 
5 780 1,210 400 235 235 260 260 
6 850 950 700 220 220 270 270 
7 720 800 600 220 220 260 260 
8 950 1,150 600 265 255 320 300 
9 900 1,160 700 265 255 280 275 
10 660 730, 500 250 235 265 260 
11 930 1,140 500 235 220 280 260 
12 830 1,100 600 210 195 225 215 
Mean 837 136 241 230 272 2 
+1SD +96 +273 +24 : +20 +32 + 
p Value <0.001 <0.01 | <0.01 





ERP = effective refractory period; EVT = enhanced vagal tone; FRP = functional refractory period; PCL = pacing cycle length; SD = standard- 


deviation. 


pressure in 2 patients through a cannula connected to 
a strain gauge pressure transducer; our results agreed 
with those of Eckberg et al.1? Since it takes several 
seconds after hypotension for reflex autonomic changes 
to affect cardiac function,” the changes in atrial re- 
fractoriness induced during 2 to 3 seconds of neck suc- 
tion did not result from an increase in reflex sympa- 
thetic tone. Additionally, previous data!3-14 demonstrate 
that atropine, but not propranolol, blocks the prolonged 


P-P interval that occurs during the first few seconds of. ` 


induced neck suction. 

Two additional ahsctvations indicate that the 
changes observed during neck suction were caused by 
increased vagal tone. First, neck suction caused no 
change in heart rate or atrial refractoriness in 2 of 2 
patients after atropine was administered. Second, if 
enhanced reflex sympathetic tone, rather than para- 
sympathetic tone, shortened atrial refractoriness during 
neck suction for <3 seconds, one would expect atrial 
refractoriness to shorten during more prolonged neck 
suction because of the time course of the sympathetic 
response. However, when neck suction was initiated 5 
seconds before the premature atrial complex, atrial 
refractoriness usually did-not change from control val- 
ues. The inability to shorten atrial refractoriness during 
prolonged neck suction'is more consistent with a cho- 
linergic rather than an adrenergic response. Vagal tone 
during neck suction progressively decreases over time. 
The decrease in enhanced vagal tone during prolonged 
neck suction is consistent with the observation of 
Eckberg et al,” who showed that neck suction produced 
an initial decrease in heart rate that gradually returned 
to control values within 5 seconds. 

The failure of enhanced vagal tone to shorten atrial 
- refractoriness in Patient 5 may relate to the medial right 


atrial pacing site tested. Parasympathetic nerve ter- . 


minals predominate in the area around the sinus node,” 
and Zipes et al? showed in the dog that vagal stimulation 
shortened atrial refractoriness at the sinus nodal area 
more than at any other atrial site. Since neck suction 


1 


l 
s 


produced enhanced vagal tone in Patient 5, as demon- 
strated by a significant decrease in heart rate, it is rea- 
sonable to postulate that the inability of enhanced vagal 


. tone to shorten atrial refractoriness in this patient may 


have occurred because the atrial site tested had rela- 
tively little parasympathetic innervation. 

The differences between our results and the results 
obtained using atropine® may be explained in part by 
the complex interactions‘on the heart exerted by the 
parasympathetic and sympathetic nervous systems.’~? 
In particular, acetylcholine, by activation of muscarinic 
receptors, can cause presynaptic inhibition of release 
of norepinephrine from adrenergic nerves.° Since 180- 
proterenol shortens human atrial refractoriness (un- 
published results), the effect of atropine administration 
may depend on the baseline level of adrenergic and 
vagal tone, and on the amount of presynaptic vagal in- 
hibition. If both substantial presynaptic inhibition and 
sympathetic tone are present, the overall effect of at- 
ropine might be to shorten atrial refractoriness. If 
minimal presynaptic inhibition and sympathetic tone 
are present, atropine might lengthen atrial refractori- 
ness by reversing the direct (postsynaptic) effect of 
acetylcholine on atrial tissue. Of note, in the 2 patients 
given atropine, atrial refractoriness increased in 1 and 
decreased in the other. 

Three patients demonstrated repetitive atrial re- 
sponses to a single induced premature atrial complex, 
and repetitive atrial responses occurred only during 
enhanced vagal tone (Fig. 1). Induction of atrial fibril- 
lation during atrial refractory period determination in 
man often is preceded by repetitive atrial responses, 
although atrial fibrillation did not occur in these pa- 
tients. This potential arrhythmogenic consequence of 


` enhanced vagal tone in man agrees with the well-known 


effect of heightened parasympathetic tone in facilitating’ 
atrial arrhythmias in animals. Alternatively, the in- - 
duced repetitive atrial complexes in our patients may 
result from the shortened atrial functional perraclory 
period.?2 


100 


Acknowledgment: We are grateful for the secretarial as- 


sistance of Nancy S. Lineback and the technical assistance of 
Libby Darling. 


10. 
+. 


. Burge 


References 


iat heya EN, Grant AO, Wallace AQ, Strauss HC. An analysis of the 

ects of acetylcholine on conduction and refractoriness In the rabbit sinus 

node. Cire Res 1979;44:112~120. 

n ASV, Terroux KG. On the negative inotropic effect In the cat's au- 

ricle. J Physio! 1953; 120:449-464. 

Zipes DP, Mihalick MJ, Robbing GT. Effects of selective vagal and stellate 
glen stimulation on atrial refractoriness. Cardiovasc Res 1974;8: 


. Hordof AJ, Spotnitz A, Mary-Rabine L, Edie RN, Rosen MR. The cellular 


alectrophyslologie effects of digitalis on human atrlal fibers. Circulation 
1978;57:223-229 i 


. Dhingra RC, Amat-Y-Leon F, Wyndham C, Denes P, Wu D, Pouget JM, 


Rosen KM. Electrophyslologic effects of atropine on human sinus node and 
atrium. Am J Cardiol 1976;38:429-434. 

Dhingra RC, Amat-Y-Leon F, Wyndham C, Wu D, Denes P, Rosen KM. 
The electrophysiotogical effects of ouabain on sinus node and atrium In man. 
J Clin Invest 1975;56:555-562. 


» Levy MN. Sympathetic-parasympathetic Interactions In the heart. Circ Res 


197 1;29:437-445. 

Watanabe AM, Besch HR. interaction between cyclic adenosine mono- 
phosphate and cyclic guanosida monophosphate in gulnea plg ventricular 
myocardium. Circ Res 1975;37:309-317. 


. Vanhoutte PM, Levy MN. Prejunctionai cholinergic modulation of adre 


Ic 
neurotransmission In the cardiovascular system. Am J Phystol 1980;238: 
H275-H281. 

Krailos FA, Mar CK. Sympathetic neural effects on regional atrial 
properties and cardlac rhythm. Am J Physiol 198 1;240:H590-H596. 
Mendez C, Aceves J, Mendez R. Inhibition of adrenergic cardiac accel- 
eration by cardiac glycosides. J Pharmacol Exp Ther 1961;131:191- 


PARASYMPATHETIC SHORTENING OF ATRIAL REFRACTORINESS 


12. 


13. 


14. 


15. 


16, 


17. 


18. 


19. 


. Eckberg DL. 


198, 

Eckberg DL, Cavanaugh MS, Mark AL, Abboud FM. A simplifled neck 
suction device for activation of carotki baroreceptors. J Lab Clin Med 
1975;85:167~-173, 

Eckberg Di.. Adrenergic-chollnergic baroreceptor interactions In man. In: 
Schwartz PJ, Brown AM, Mallidni A, Zanchettl A, eds. Neural Mechanisms 
In Cardiac Arrhythmias. New York: Raven Press, 1978:335-338, 
Prystowsky EN, Jackman WM, Naccarell GV, Rahily GT, Heger JJ, Zipes 
DP. Analysis of the effects of autonomic blockade on ‘‘post-vagal”’ tachy- 
cardia in man. Circulation 1981;64:Suppt [V:IV-239, 

Nattel S, Rinkenberger RL, Lehrman LL, Zipes DP. Therapeutic blood 
lidocaine concentrations after local anesthesla for cardiac electrophysio- 
logic studies. N Engl J Med 1979;301:418-420. 

Alessi R, Nusynowltz M, Ablidskov JA, Moe GK. Non-uniform distribution 
re vagal effects on atrial refractory period. Am J Physiol 1968; 194:406— 


James TN, Spence CA. Distribution of cholinesterase within the sinus node 
and AV node of the human heart. Anat Rec 1966; 155: 151-162, 
Erysloweky EN, Jackman WM, Rinkenberger RL, Heger JJ, Zipes DP. 
Effect of autonomic blockade on ventricular refractoriness and atrioven- 
tricular nodal conduction In man. Evidence supporting a direct cholinergic 
action on ventricular muscle refractoriness. Circ Res 198 1;49:51 1-518. 
Eckberg DL, Abboud RM, Mark AL. Modulation of carotid baroreflex re- 
sponsiveness In man: effects of posture and propranolol. J Appl Physiol 
1976;4 1:383--387. 


. Pickering TQ, Gribbin B, Sleight P. Comparison of the reflex heart rate 


response to rising and falling arterial pressure In man. Cardiovasc Res 
1972;6:277-283. 
tation of the human carotid baroreceptor-cardiac reflex. 


J Physiol 1977;269:579-589. 


. Wyndham CRC, Amat-Y-Leon F, Wu D, Denes P, Dhingra R, Sim 


peon R 
Rosen KM. Effects of cycle length atrlal vulnerablilty. Circulation 1977; 
§5:260-267. 
EN, Zipes DP, Naccarelll GV, Jackman WM, Heger 


. Rahllty GT, Prystowsky 
JJ. Clinical and electrophysiologic findings in patients with repetitive mo- 


nomorphic ventricular tachycardia and otherwise normal electrocardio- 
grams. Am J Cardiol 1982;50:459-468. 


ee 


“Le 


Sis 
J 
A 
l 


Effect of Local Lidocaine. Anesthesia on Ventricular Escape 
Intervals During Permanent Pacemaker pele 
In Patients With Complete | Heart Block 


BERNARD D: KOONS. MD.. SHAHID |. 


MUFTI, MD, GURINDER S. GREWAL, MD, 


RICHARD H. S. MOON, MD, W. LINDA CASHIN, MD; JOHN O. PASTORE; MD, and 


K. RAMASWAMY, MD -> 


Translent asystole is often noted during the course’ 
of permanent pacemaker implantation In patients `. 
with complete heart block. Since subcutaneous ` 


lidocaine is.frequently used as the local anesthetic 
agent for permanent pacemaker implantation, the 
effect of this drug on ventricular escape intervals 
‘was studied. Ventricular escape Intervals after 


transient cessatlon of pacing were studied In 9:pa- ` 


tients with complete heart block before and 10, 30, 


and 45 minutes after subcutaneous: lidocaine ad- ` 
ministration for permanent pacemaker Implantation. _ 
The total lidocaine dose ranged from 170 to 400 mg: 
(1.9 to 9.5 mg/kg of body'weight).- Therapeutic blood ` 
levels were achieved in 7 patients. The mean ven- 


tricular escape interval before lidocaine was 1.83 


+ 0.32 seconds, which increased to 2.58 + 1.24, 


2.96 + 1.06, and 2.68 + 1.27 seconds at 10, 30, and 


45 minutes after lidocaine (p <0.02). The mean: 


Transient asystole is often noted during the course of .' 
permanent pacemaker implantation in patients with ` 


complete heart block. Asystole may occur when tem- 


porary pacing is momentarily halted forthe measure- _ 


ment of pacing or sensing thresholds, even in ‘patients 


who did not demonstrate pacer dependency before thé . l 


procedure. 


Subcutaneous lidocaine is frequently used as the : 
anesthetic agent for permanent pacemaker implanta- > . 
tion, and therapeutic blood'concentrations of Kaoraine r 
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‘maximal escape Interval before lidocaine was 2.06 
-+ 0.30 seconds, which Increased to 3.80 + 1.44 
-seconds (p <0. 01), a mean increase of 84%. The 
- percent increase in maximal escape interval was 


related directly to the peak lidocaine level achieved. 


'. After ‘Ildocalne administration, 5 patients - had 
sasystole >4 seconds and 1 required besumption of 


pacing. ` 

Thus, subcutaneous lidocaine contributes to the 
occurrence of asystole seen during permanent . 
pacemaker Implantation. It is advisable to limit the 


- amount of lidocaine administered during permanent 
. pacemaker Implantation to the minimum necessary 
- to achleve adequate local anesthesia. Strong con- 
` . sideration should be given to the use of a temporary 


pacemaker in patients with complete heart block 
during permanent pacemaker Implantation even an ; 


`- the absence of previous asystole. 


i 


` have Keen Jenoa in patients in on this agent 
is used for local anesthesia.! To assess whether lidocaine . 
- is responsible for the occurrence of asystole during 


pacemaker implantations, we studied the effects of the . 
subcutaneous use of this drug upon serum lidocaine 
levels ‘and ventricular escape intervals after transient 


= cessation of pacing in patients with pierce heart $ 
Plodk s ; 


‘Methods - 


“ The 9 patients, aged 57 to 83 years (mean 76), -héd complete 


heart block and permanent pacemakers implanted. Three . 


`” patients had narrow QRS complexes of 0.08 second duration 


on a 12-lead electrocardiogram, whereas in 6 the complexes, 


. were widened. Of these, 4 had a right bundle branch pattern - 


and 2 hada nonspecific intraventricular conduction delay. 
Eight patients had a history of syncope or near- “syncope. None 
had abnormalities of liver function.” - 
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Eight patients were receiving their first pacemaker and each 

had a temporary pacemaker in place before the procedure. In 
7 of these cases, the temporary pacer was inserted more than 
24 hours before the study. One patient underwent pulse gen- 
erator replacement and did not have a temporary unit. 
g In each patient, a constant physiologic pacing rate was 
x maintained by means of the previously placed temporary or 
H permanent pacemaker. An indwelling catheter was inserted 
into an arm vein to obtain serum lidocaine levels. 

After the patient was appropriately prepared and draped, 
a baseline serum lidocaine level was drawn. Pacing was then 
transiently stopped and ventricular escape intervals were 
recorded. Cessation of pacing was accomplished by abruptly 
turning off the temporary pacemaker or by inhibiting the 
previously implanted permanent pacemaker by means of an 
externally applied pulsating electromagnet. Pacing was im- 
N mediately resumed if a patient demonstrated presyncopal 
qj symptoms or other untoward effects. Under no circumstance 
was a patient allowed to have a pause of greater than ap- 
proximately 6 seconds. Measurements were repeated 3 to 6 
times in each patient, with approximately 1 minute of pacing 
Si between determinations. Recordings were made on a standard 
4 electrocardiograph at paper speeds of 25 and 50 mm/s. 

After baseline determinations, the surgeon began the im- 
plantation procedure by infiltrating 1% lidocaine solution into 
the subcutaneous tissues of the deltopectoral region, being 
careful to avoid intravascular injection. The surgeon was in- 
structed to employ standard operating techniques and to use 
as much lidocaine as was deemed necessary to attain adequate 
local anesthesia. l 

Serum lidocaine levels were drawn and escape intervals 
were measured 10, 30, and 45 minutes after the injection of 
lidocaine. In each patient, the number of determinations of 
escape intervals at each juncture was the same as that ob- 
tained in the control period. In 1 patient no data were obtained 

‘at 45 minutes. 

Lidocaine levels were determined by the EMIT homoge- 
neous enzyme immunoassay method.? Standard statistical 
techniques were utilized. A two-way analysis of variance was 
performed to compare escape intervals before and after lid- 
ocaine injection. 


At Maximal 


Lidocaine Level 
4.20 
2.16 
2.48 

4.30 
2.64 
6.12(P) 
5.46 
4.34 
2.10 
3.76? 


Maximal Escape Intervals 
(s) 
56 


Baseline 
2.00 
1.72 
0. 

2.15 

2. 

2.47 
2.08 


45' 
"£0.45 





30! 

+1.27 
“+£0.07 

+0.04 


z 


10 


Mean Escape intervals 
(s) + Standard Deviation 
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Data on 9 Patients With Complete Heart Block Undergoing Permanent Pacemaker Implantation 
Baseline 
1,56 
1.67 
1.95 
1.78 
2.42 
2.16 
2.04 
1.59 
1.31 
1.83 


required resumption of ventricular pacing 


45! 
1.6 
1.6 

3 
0.3 

4 
1.9 
2.0 


(ug/ml) 
30’ 
1.8 
1.5 
0.3 
1.9 
1.9 


0.1 
2.1 
2.2 


Results 


A summary of the data from each patient is given in 
Table I. The dose of lidocaine used ranged from 170 to 
400 mg (mean 307) or 1.9 to 9.5 mg/kg of body weight 
(weight not available in 1 patient). The peak serum 
lidocaine levels ranged from 0.3 to 2.2 ug/ml and oc- 
‘curred either 30 or 45 minutes after injection. Thera- 
peutic lidocaine levels of 1.1 to 2.4 ug/ml were achieved 
in 7 of the 9 patients. One of the patients (Patient 5) 
with a less than therapeutic level had a pulse generator 
replacement only. 

Serum lidocaine levels and mean ventricular escape 
intervals before and 10, 30, and 45 minutes after lido- 
caine injection are shown in Table I. The mean ven- 
tricular escape interval in the control period was 1.83 
+ 0.32 seconds. This increased to 2.58 + 1.24, 2.96 + 
1.06, and 2.68 + 1.27 seconds at 10, 30, and 45 minutes 
after lidocaine administration (p <0.02, comparing each 
period with baseline). The mean escape intervals at 30 
and 45 minutes were greater than the baseline values in 
every case. A representative example of escape interval 
prolongation is seen in Figure 1. Based on QRS mor- 
phology, 6 patients displayed a single escape focus 





Lidocaine Levels 


10’ 
1.1 
1.5 
0.1 
0.9 
0.0 
1.8 
1.7 


Lidocalne 
Dose 
(mg/kg) 


8.0 
5.5 
6.7 
1.9 
2.9 
5.1 
6.5 
9.5 
5.8 








Dose 

(mg) 
400 
300 
170 
350 
200 
200 
350 
400 
400 
307 





Total 
Lidocaine 


QRS 
Duration 
(s) 
0.12 
0.12 
0.10 
0.08 
0.08 
0.08 
0.12 
0.12 
0.12 


+SD 
* Patient had pulse generator replacement only. t p <0.01. ł p <0.02. P 


TABLE ! 
Patient 
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FIGURE 1. A representative lead Il 
electrocardiographic tracing In Patient 
4 demonstrating the effects of tempo- 
rary cessation of pacing before (top) 
and after (bottom) lidocaine adminis- 
tration. The first 2 beats in both tracings 
are paced beats by way of bipolar 
temporary pacemaker. Paper speed Is 
25 mm/s. 
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FIGURE 2. Maximal escape Intervals (MAX El) in 7 patlənts who 
achleved therapeutic lidocaine levels before lidocaine administration 
(BEFORE LIDO) and at maximal lidocaine level (MAX LIDO LEVEL). 


during baseline studies and 3 patients had 2 foci. In only 
1 instance did a patient have an escape focus after lid- 
ocaine injection which was not evident in the baseline. 
All patients with narrow QRS complexes on the initial 
electrocardiogram had escape foci whose QRS intervals 
were <0.09 second. Electrophysiologic studies were 
not performed to better identify the location of the 
escape foci. 

The maximal ventricular escape intervals for each 
patient during the control period and at the time of 
maximal serum lidocaine levels are shown in Table I. 
These same values for the 7 patients who achieved 
therapeutic lidocaine levels are displayed in Figure 2. 
The mean maximal escape interval before lidocaine 
administration was 2.06 + 0.30 seconds. At the time of 
peak lidocaine level, this increased to 3.80 + 1.44 sec- 
onds (p <0.01), a mean increase of 84%. In 6 of the 7 
patients who achieved therapeutic drug levels, the 
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FIGURE 3. Relation between the change in maximal escape Interval 
(A MAX El) at the time of maximal lidocaine level (expressed as percent 


increase over control) and the serum lidocaine level at that time (MAX 
LIDO LEVEL). 


longest escape interval observed occurred at the time 
of maximal lidocaine level. The degree of escape interval 
prolongation was directly related to the height of the 
serum lidocaine level. Figure 3 displays the percent in- 
crease in escape interval at peak lidocaine level as re- 
lated to the drug level at that time. The correlation 
coefficient is 0.76 (p = 0.01). In the control period, no 
patient had asystole for longer than 2.56 seconds, and 
it was not necessary to turn the pacer back on in any 
patient. After lidocaine administration, 5 patients had 
asystole for >4 seconds and 1 required resumption of 

pacing after presyncopal symptoms or >6 seconds of 
asystole. 


Discussion 


We have frequently observed asystole after transient 
cessation of pacing during a permanent endocardial 
pacemaker implantation procedure. This phenomenon 


generally occurs during the course of determining pac-: 


ing and sensing thresholds. The occurrence of asystole 
may preclude the measurement or recording of the pa- 
tient’s intrinsic intracardiac QRS signal, thereby 
making it impossible to assess the sensing function of 
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a demand pacemaker. Furthermore, asystole may 
- compromise the ability of the operator to reposition the 
electrode if there is no other means of maintaining an 
adequate heart rate. Asystole after the cessation of 
pacing has been observed even in patients who previ- 
ously had been stable with only rare or minimal symp- 
- toms before pacemaker placement. 


The achievement of therapeutic serum levels with the 
use of lidocaine for local anesthesia has been reported. 
Since subcutaneous lidocaine is commonly used during 
pacemaker implantation, we investigated the possibility 
that this drug might be responsible for the emergence 
of pacer dependency. 


In this study 7 of 9 patients achieved therapeutic drug 
levels after subcutaneous lidocaine administration 
' during permanent pacemaker implantation. The level 
attained appeared to be related to the total dose ad- 
ministered, although the resulting maximal serum lid- 
ocaine levels were not as predictable as the results re- 
ported by Nattel et al.) In their study the peak lidocaine 
concentration could be predicted by multiplying the 
- initial dose (in milligrams/kilogram) by 0.3. However, 
they noted the peak concentration to occur at an aver- 
age of 62 minutes after subcutaneous injection, which 
was beyond the duration of our observations. 


In unanesthesized dogs with complete heart block, 
Hayes et al? showed that lidocaine prolonged asystole 
‘ after abrupt cessation of ventricular driving. Ryden and 
Korsgren‘ studied the effects of sudden cessation of 
pacing in 6 patients before and after 2 intravenous bo- 
‘luses of 1 to 2 mg/kg of lidocaine. In some patients this 
was followed by an intravenous drip of the medication, 
and blood levels were not measured. All of their patients 
reestablished an autonomous ventricular rhythm before 
lidocaine administration without any period of asystole 
of clinical importance. After lidocaine, 3.patients de- 
veloped prolonged asystole which necessitated pacing 
after 8 seconds. Two of these patients had third-degree 
block and the remaining patient had second-degree 
atrioventricular block. Roos and Dunning® examined 
the acute effects of the rapid intravenous injection of 
100 mg lidocaine in patients with a variety of conduction 
defects. Despite a mean arterial plasma level of 26.6 
ug/ml, no effect was seen on the spontaneous firing rate 
of the escape focus in any of the 5 patients with com- 
plete heart block. This group included those with block 
distal and proximal to the His bundle. 


Aravindakshan et alë administered lidocaine intra- 
venously to 18 patients with complete atrioventricular 
block. They employed a bolus dose of 1.5 mg/kg fol- 
lowed by a 2 to 4 mg/min infusion. In 18 cases, there was 
little or no slowing of the escape rate. In the remaining 
5 patients there was an abrupt slowing of the rates with 
resulting R-R intervals that grossly approximated 
. multiples of the basic escape intervals, thus suggesting 
the occurrence of 2:1 or 3:1 exit block rather than 
slowing of the escape focus. They claimed that the de- 
velopment of exit block depended more on a critical 
degree of His-Purkinje conduction abnormality than 
on the plasma drug level achieved. Furthermore, they 


concluded ‘that the basic QRS complex duration and i 


escape rate were of no value in identifying those patients 


prone to abrupt rate slowing. 

In the present study, lidocaine produced a length- 
ening of the mean and maximal escape intervals after 
the abrupt cessation of pacing in every patient. Of the 
9 patients, the longest escape interval during the 3 to 6 
determinations in the control period was 2:56 seconds. 
After lidocaine administration, 5 patients had escape 
intervals of >4 seconds at the time of their maximal 
drug concentration and 1 patient needed to have his 
pacemaker turned back on due to presyncopal symp- 
toms or >6 seconds of asystole. The prolongation. of 
escape interval was present by 10 minutes after injection 
and persisted for more than 45 minutes. The degree of 
prolongation of the escape interval was directly related 
to the maximal drug level achieved (Fig. 3), and the 
duration of asystole after lidocaine administration could 
not be predicted by the escape interval in the control 
state nor by the QRS duration. Three of our patients 
had QRS durations of <0.08 second; therapeutic levels 
of lidocaine were achieved in 2 of these patients. Both 
of these patients developed asystole lasting >4 seconds 
and 1 required the resumption of ventricular pacing: 
The lengths of the escape intervals before and after 
lidocaine injection do not suggest the existence of exit 
block. 

Thus, prolonged asystole after abrupt cessation of 
pacing in patients with complete heart block is more 
likely to occur after lidocaine administration. Concen-. 
trations adequate to affect escape intervals are reached 
in a majority of patients undergoing routine permanent 
pacemaker implantation using local lidocaine anes- 
thesia. To avoid problems related to asystole and allow 
proper threshold’ measurements, it is advisable to 
minimize the systemic concentration of this medication. 
This can be achieved by limiting the total dose used to 
the minimal amount necessary to achieve adequate local 
anesthesia. It is possible that the use of a vasoconstrictor 
mixed with the anesthesia may limit the distribution of 
the drug and thereby blunt or delay the peak systemic 
lidocaine concentration. However, the safety of such 
agents would need to be established in this patient 
population. Further study would also be necessary to 
assess the effects of alternate local anesthetic agents. 
Finally, strong consideration should be given to the 


routine use of temporary pacing in patients with com- 


plete heart block during permanent pacemaker im- 
plantation, even in the absence of prior asystole. | 


References i 
4. Nattel S, Rinkenberger RL, Lehrman LL, Zipes DP. Therapeutic blood 
concentration after local anaesthesia for cardiac elecirop studies, 


N Eng J Med 1979;301:418~420. 

2. Cobb ME, Buckly N, Hu MW, Miller JG, Singh P, Schneider RS. Homoge- 
neous enzyme immunoassay for lidocaine in serum. (abstr). Clin Chem 
1977;23:1161. 

3. Hayes JG, Ettinger E, Wanat FE, Killip T. Evaluation of lidocaine In the 
treatment ‘of ventricular arrhythmias (abstr). Circulation 1967;36:Suppl Ms 
1-137. 

4. Ryden L, Korsgren M. The effects of lidocaine on the stimulation threshold 
and conduction disturbances In patlents treated with pacemaker. Circ Res- 
969;3:415—4 18. 

5. Roos JC, Dunning AJ. Effects of Ikiocaine on impulse formatlon and con- 

duction detects In man. Am Heart J 1975;89:686-689 

. Aravindakshan V, Kuo C, Gettes LS. Effects of lidocaine on escape rates 

In parents with complete atrioventricular block. Am J Cardio! 1977;40: 
177-183. 


eo 


we 


$ 


Relation Between Late: Potentials s onthe Body Surface and 
Directly Recorded Fragmented Electrograms i in o 


| Patients With Ventricular Tachycardia 


MICHAEL B. SIMSON, MD, WILLIAM J. UNTEREKER, MD, SCOTT R. SPIELMAN, MD, 
LEONARD: N. HOROWITZ, MD,. NORMAN H. MARCUS, MD, RITA” A. FALCONE, BS, 
ALDEN i HARKEN, MD, and MARK E JOSEPHSON, MD, 


The relation between low-amplitude, late potentials 


on the body surface and directly recorded electro- . ` 


grams in 8 patients with. and 11 patients without 


ventricular tachycardia (VT) was studied. Bipolar 


X,Y,Z leads were signal-averaged and filtered with ` 


a ‘digital technique. All patients had catheter. endo- 
. cardial left ventricular maps. The VT ‘group had 
medically intractable VT ‘and an endocardial exci- 


‘ston was performed for coritrol of VT. Before’ bypass, : 
epicardial maps were obtained In the operating | 


‘room. All studies were eftormed during normal 
sinus rhythm. . 
. Four patients without NT, ‘each with’ a previous 
myocardial Infarction, ‘had fragmented endocardial 


electrograms recorded at 2.0 + 1.2 sites. The latest. 


electrogram for each patient ended 87 + 8 ms after 
` QRS onset, within the- ‘high-amplitude portion of the 
filtered QRS complex..All patlents with VT had 
fragmented electrograms recorded at 6.1 + 3.1 
- sites/patient. Elghty-elght percent of the fragmented 
electrograms were endocardial. The latest’ frag- 
mented gleciroqrent for each h patient ended 161 £ 


. Delayed and fragmented electrograms have been re- 
corded directly from the myocardium in patients and 
- animals with ventricular arrhythmias.!-? The associa- 
tion of delayed electrical activity with VT. suggests a 
reentrant mechanism: This concept is supported by the 
‘demonstration that the initiation and maintenance of 
the arrhythmias depends on the delayed electrogram 
_ spanning diastole before the onset of the first and be- 


From.the Clinical Electrophysiology Laboratory 


- Pennsylvania. This study was supported In part by Grants.HL27925 and 


43 ms.after QRS onset, significantly later than the 
fragmented electrograms from the patients without 
VT (p= 0.002). 

Six VT patients had low-amplitude, ‘late potentials. 
at the end of the filtered QRS complex. In these 
patients, the last 40 ms of the filtered QRS complex 
contained a higher proportion of fragmented elec- 
trograms compared with earller segments of the 
QRS complex (68 % versus 27%, p <0.001). Two 
patients with VT did not have late potentlals. One 
patient with left bundle branch block had delayed 
left ventricular epicardial activation which masked 
the fragmented electrograms.. The other had frag- 
mented electrograms of brief duration which ended 
80 + 12 ms after. QRS onset, during the time of 


‘normal ventricular activation.. 


- R is concluded that the late potentlal corresponds 
to delayed, fragmented electrographic - -activity. 
Failure tó record a: late potential may arise from ` 
delayed ventricular activation at other sites from . 
bundle branch block or fogmemen electrograms of 
a brief duration. - 


¥ 


tween subsequent complexes of the tachycardia.2+-68 


In recent years, investigators working with signal 
averaging techniques have detected low-amplitude 
potentials on thé body surface in patients and animals 


‘with’ ventricular arrhythmias.!°-!9 These potentials. 


occur at the end of or just after the QRS complex; in 
animals with experimental infarcts, the late potentials: 


.. correlated in ‘time to directly recorded fragmented 7 
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electrograms. 10-17 
In previous.work, we. detvoiiatrated that 90% of | pa- 
tients with VT after myocardial infarction (MI) had a 


` distinctive low-amplitude, late potential that was:con- 


tinuous with the earlier portions of the QRS com- 
plex.161819 A gimilar potential was found in only 6% of: , 
patients without serious ventricular arrhythmias after 
MI. The purpose of this work was to identify the origin 


` of the low-level late potential by correlation with di- 


rectly recorded epicardial and enrocada ventricular . 
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Methods 

© Patient population: Nineteen patients were studied. 
Eight patients had VT; all had a prior MI. They were referred 
to our institution for recurrent, symptomati¢ VT which was 
inducible in the clinical electrophysiology laboratory with 1 
to 3 ventricular premature depolarizations. In each patient, 
the VT could not be controlled with antiarrhythmic agents,?} 
and an endocardial excision with or without an aneurysmec- 
tomy was performed for control of the arrhythmia.?+*3 En- 
docardial and epicardial mapping and a signal-averaged 
electrocardiograph was performed in each patient. 

Eleven other patients were studied with a signal-averaged 
electrocardiogram and endocardial mapping. These patients 
were referred to the catheterization laboratory for evaluation 





FIGURE 2. Examples of electrogram classificatlon. Top, 3 surface 
electrocardiographic leads; bottom, 5 endocardial electrograms. 
Electrograms from sites 1 and 2 (apex) were normal. Electrograms from 

* the other sites were fragmented. The arrows Indicate the end points 
-of a fragmented electrogram. Sites 3 through 6 are In the Inferobasal 
portion of the heart. The voltage calibration is-3 mV for the normal 
electrograms and 1 mV for the fragmented electrograms. LV = left 
ventricular. i 
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FIGURE 1. Patients 4 and 15. Signal processing in pa- 
tlents with (A) and without (B) VT. Signal-averaged X, Y, 
Z leads are shown at high gain on the top. The filtered 
QRS complex ls on the bottom. The dashed lines are the 
end points of the filtered QRS complex as determined by 
the computer. The arrow polnts to a low-amplitude (4 
HV), late potential at the end of the filtered QRS complex 
from the patient with VT. Both patients had anterior 
myocardial infarctions. 


of chest pain, and they volunteered for a research study of 
endocardial activation. The patients had no history of VT or 
complex ventricular arrhythmias. Holter monitoring was 
performed for 24 hours in 8 patients and showed 0 to 10 uni- 
focal veritricular premature beats/hour and the absence of 
multiform ventricular premature beats, couplets, or VT. 

Table I lists the clinical data on all patients. Each patient 
gave informed consent. The research protocols were approved 
by the University of Pennsylvania Committee on Studies 
Involving Human Beings. 

Signal-averaged electrocardiograms: A signal- averaged 
electrocardiogram was recorded from bipolar X,Y,Z leads with 
previously described techniques.!® Ectopic and grossly noisy 
beats were rejected by a template algorithm. A mean of 142 
+ 12 beats was averaged. Each lead was.filtered with a bidi- 
rectional, high- -pass digital filter which was designed to 
eliminate filter ringing. The bandpass was 25 to 250 Hz and 
the rate of highpass attenuation was 24 dB/octave. The fil- 
tered X,Y,Z leads were combined into a vector 
magnitude—/(X2 + Y? + Z®—a measure which sums the 
high-frequency information from all 3 leads and which is 
termed the “filtered QRS complex” in this study. The end 
points of the filtered QRS complex were determined by a 


computer algorithm.16 


Figure 1 shows results of signal processing ` in patients with 
and without VT. In previous studies,!61819 g prolonged fil- 
tered QRS duration and a low voltage in the last 40 ms of the 
filtered QRS complex were founä to identify patients with VT; 
those variables were used in the present study to quantify the 
filtered QRS complex. In this study a “late potential” is de- . 
fined as a low-amplitude signal (<25 uV) in the last 40 ms of 
the filtered QRS complex (Fig. 1, arrow). It is called late be- 
cause it typically occurs after end of the QRS complex in the 
standard electrocardiogram. 

Left ventricular endocardial electrograms were recorded 
in the catheterization laboratory by bipolár electrodes with 
an interelectrode distance of 1 cm. The amplifier bandpass 
was 30 to 500 Hz. An attempt was made to record from 12 
preselected endocardial sites with methods previously de- 
scribed?4; occasionally, a preselected site could not be reached. 
Additional recordings were made, if possible, from the edges 
of aneurysms or infarcts, Table I lists the number of endo- 
cardial sites for each patient. There was no difference in the 
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TABLE! Patient Characteristics 




















. Endocardial Endocardial Sites 
Age (yr) Cardiac Location of Wall Ventricular Sites (n) With Fragmented 
Patient & Sex Diagnosis Motion Abnormalities : Aneurysm ; ECG Studied (n) Electrograms 
Patients With Ventricular Tachycardia 
1 58M CAD INF No IMI 16 9 
2 57M CAD INF, ANT Yes IMI, AMI 12 4 
3 44M CAD ANT Yes AMI 11 6 
4 51M CAD ANT Yes AMI 12 3 
5 51M CAD ANT Yes AMI 12 8 
6 69M CAD INF Yes IMI 13 5 
7 49M CAD ANT Yes AMI, [VCD 11 4 
8 53M CAD ANT, LAT Yes LBBB 10 4 
Patients Without Ventricular Tachycardia 
9 50M CAD INF No IMI 16 3 
10 59F CAD INF No NL 11 1 
11 58M CAD ANT No AMI 11 0 
12 55M CAD None No NL. 13 0 
13 51F CAD ANT No AMI ' 11 3 
14 43M CAD INF No IMI 10 0 
15 50M CAD ANT ` No AMI 12 1 
16 43M CAD ANT No NL 16 0 
17 59M CAD None No NL 13 0 
18 17M NL None No NL. 12 0 
19 39M NL None No NL 12 0 





Patients 5 and 6 had, In additlon, fragmented electrograms at 4 and 2 epicardial sites, respectively. AMI = anterlor myocardial Infarction; ANT 
= anterior, CAD = coronary artery disease; ECG = electrocardiogram; IMI = Inferior myocardial Infarction; INF = Inferior; LAT = lateral; LBBB 
= left bundle branch block; NL = normal. 


number of endocardial sites studied for the patients with and 
without VT (p = 0.36). Sites were identified with multiplane 
fluoroscopy. These methods have been validated by com- 
parison with intraoperative data.? 

In the operating room, epicardial electrograms were re- 
corded from the patients with VT under halothane anesthesia 
before cardiopulmonary bypass as previously described.22:23 
A roving, bipolar electrode with a 1.5 mm interelectrode dis- 
tance was used. The amplifier bandpass was 30 to 500 Hz. 
Recordings were made from 54 predetermined sites (29 left 
ventricular sites) in each patient. Intraoperative right bundle 
branch block temporarily developed in 3 patients, and the 
right ventricular sites were not analyzed further in those pa- 
tients. 

Each patient was in sinus rhythm during all studies. Anti- 
arrhythmic agents were stopped at least 5 half-lives before the 
studies, The signal-averaging, catheter, and intraoperative 


TABLE ii Fragmented Electrograms 


studies were performed within 3 to 5 days of one another. 
All electrograms were classified as normal or fragmented 
(Fig. 2). An electrogram was considered normal if the duration 
was <60 ms and the peak to peak amplitude was >1 mV. 
(Sixty ms was used as a threshold since it was >2 standard 
deviations larger than the mean duration of 100 electrograms 
recorded over the normal left ventricle in pilot studies.) A 
fragmented electrogram had multiple components, a duration 
>60 ms, and a peak-to-peak amplitude typically <1 mV. The 
electrographic duration was measured from the beginning to 
the end of the rapidly moving components of the electrogram. 
The fragmented electrograms had a constant duration in this 
study; no examples of a Wenckebach conduction pattern were 
found.56 The time of peak amplitude for the normal electro- 
grams was considered to be the time of occurrence. The QRS 
onset was used as the reference time for all studies. The cali- 
bration of the oscillographic recorder was 1 mV/cm and 40 








No VT VT 
Mean Mean: 
+ SD Range + SD Range p 
Incidence/patient : s 
Endocardlal sites 2.0 + 1.2 1-3 5.44 2.1 3-9 0.008 
Total number of sites (endocardial tina we) 6.1 + 3.3 3-12 eh 
and epicardial) 
Timing from beginning of QRS (ms) 
Onset 13.3 + 7.9 0-24 30.2 + 18.6 0-60 0.007 
End 83.9 + 6.3 78-96 120.2 + 35.3 65-225 0.003 
Duration 70.6 + 11.1 62-88 90.0 + 30.3 60-155 0.04, 
End of latest electrogram 87.3 + 7.5 80-96 ' 160.6 + 43.3 95-225 0.002 


In each patient 


The incidence and timing of the fragmented electrograms in patients with and without VT. In the “No VT" group the data are tabulated only from 
patlents with fragmented electrograms. SD = standard deviation. 
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ms/cm. Electrograms were measured by observers who did not 
know the signal-averaged results. Statistical analysis was 
performed using 2 X 2 chi-square, RxC contingency table, and 
the t test (1-tail), as appropriate. Except as noted, all voltages 
were measured by the root mean square method. Results are 
presented as the mean + standard deviation. 


Results 


Patients without VT: Fragmented endocardial 
electrograms were found in 4 of the 6 patients with prior 
MI and were not found in the 5 patients without pre- 
vious MI. The fragmented electrograms were located 
within areas showing wall motion abnormalities from 
the previous infarct. Table II summarizes the incidence 
and timing of the fragmented electrograms. 

The mean time of activation for the normal endo- 
cardial electrograms was 23 + 15 ms (range 0 to 54); the 
mean and median time of activation agreed within 0.7 
ms (p = 0.18). 
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The filtered QRS complex from patients without VT 
was a symmetrical burst of high-frequency signal. No 
late potentials were found in these patients. The filtered 
QRS duration was 96 + 8 ms, and the voltage in the last 
40 ms was 51.5 + 26.5 uV. Among patients without VT, 
there was no significant difference between patients 
with and without fragmented electrograms in filtered 
QRS duration (98 + 6 versus 95 + 9 ms, p = 0.23) or 
voltage in the last 40 ms (38.9 + 12.5 versus 58.6 + 80.4 
nV, p = 0.18). 

Figure 3 shows the time relation between the endo- 
cardial electrograms and the filtered QRS complex in 
patients with (Fig. 3A) and without (Fig. 3B) frag- 
mented electrograms. Since the fragmented electro- 
grams ended 84 + 6 ms after QRS onset (Table II), they 
were contained within the high-amplitude portions of 
the filtered QRS complex. 

Patients with VT: Fragmented electrograms were 
found in each patient with VT. Eighty-eight percent of 
the sites with fragmented electrograms were endocardial 


FIGURE 3. Patients 13 and 18. Examples of the time 
relations between the endocardial electrograms and 
the filtered QRS complex in patlents with (A) and 
without (B) fragmented electrograms. Nelther patient 
had VT. Bottom, filtered QRS complex; the circles on 
top indicate the timing of the endocardial electro- 
grams. Normal electrograms are shown with an iso- 
lated symbol. Fragmented electrograms are depicted 
with a line, which indicates the duration of the elec- 
trogram. The brackets indicate the last 40 ms of the 
filtered QRS complex. The numbers indicate elec- 
trographic sites. The patient shown in A had 3 frag- 
mented endocardial electrograms which ended 78, 
81, and 91 ms after QRS onset. 


FIGURE 4. Patients 1 and 6. Examples of the time relation 
between the electrograms and the filtered QRS complex 
In 2 patients with VT. Bottom, filtered QRS complex. The 
symbols on the top indicate the timing of the electro- 
grams. An X represents an epicardial electrogram and 
a circle represents an endocardial electrogram. Frag- 
mented electrograms are Indicated with a line which 
shows the timing and duration of the electrogram. The 
brackets indicate the last 40 ms of the filtered QRS 
complex, See text for details. 
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despite the fact that more epicardial than endocardial 
sites were sampled. Fragmented epicardial electrograms 
were found only in 2 patients at 2 and 4 sites, respec- 
tively. All fragmented electrograms were found within 
areas of previous infarct, They were found more fre- 
quently, began later, and ended later in patients with 
VT than in those with fragmented electrograms but 
without VT (Table II). The latest fragmented electro- 
gram for each patient ended 161 + 43 ms after QRS 


onset for the VT group, but only 87 + 8 ms for the pa- 


tients without VT (p = 0.002). 

The time of activation for the normal endocardial 
electrogram was later in the VT group than in the group 
without VT (38 + 30 versus 23 + 15 ms, p <0.001). If 
patients with intraventricular conduction delay or left 
bundle branch block were excluded, however, the time 
of endocardial activation was similar (26 + 15 ms, range 
0 to 48, p = 0.15). The latest normal electrograms (epi- 
cardial and endocardial) occurred 108 + 25 ms after 
QRS onset in the VT patients. When patients with 
ventricular conduction delay were excluded, the latest 
normal electrogram occurred at 92 + 9 ms. 

The normal electrograms had a symmetrical time 
distribution; the median and mean time of activation 
agreed within 1.4 + 5.5 ms (p = 0.26). The normal 
electrograms tended to cluster; within 40 ms of the latest 
normal electrogram, there were 18.8 + 12.1 other sites 
showing normal configuration (37.2 + 20.9% of all nor- 
mal electrograms). 

The filtered QRS complex differed in the patient with 
and without VT. The filtered: QRS duration was longer 
(148 + 29 ms versus 96 + 8 ms, p <0.001) and the voltage 
in the last 40 ms was lower (16.0 + 20.4 versus 51.5 + 
26.5 nV, p = 0.007). 

VT patients with late potentials: Six patients with 
VT had a distinctive, low-amplitude tail at the end of 
the filtered QRS complex; these patients met the cri- 
terion for VT we had developed earlier, that is, <25 uV 
of signal in the last 40 ms of the filtered QRS complex.16 
For these patients, the voltage during that time was 8.7 
+ 7.2 uV and the filtered QRS duration was 154 + 28 
ms. 

Figure 4 shows the time relation between the elec- 
trograms and the filtered QRS complex in 2 patients. 
In Figure 4A, the patient had fragmented activity at 9 
endocardial sites. During the last 40 ms, there is a low 
amplitude of signal in the filtered QRS complex. During 
that time, 6 fragmented electrograms were present and 
only 3 normal electrograms occurred. For most of the 
40 ms, the low-level body surface signal corresponded 
to 2 fragmented electrograms. Earlier in the QRS, when 
a large amplitude of high-frequency signal was present 
on the body surface, 59 normal electrograms were re- 


corded. Some fragmented electrograms (for example, — 


locations 4-6 and 6) had a brief duration and ended 
before all normal electrograms had occurred. 

Figure 4B shows another example from a patient with 
a low-amplitude (3 uV) signal at the end of the filtered 
QRS complex. There were 7 fragmented electrograms 
(2 epicardial, 5 endocardial). During the last 40 ms of 
the filtered QRS complex, only 1 site was active and it 
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FIGURE 5. The number of normal and fragmented electrograms de- 
tected in various time segments of the filtered QRS complex in 6 VT 
patients with late potentials. The filtered QRS complex was divided Into 
40 ms segments, beginning at the end of the filtered QRS complex. The 
number of electrograms which were active In each time segment are 
indicated. The percentage of the total number of electrograms In each 
time segment which were fragmented is also shown. 


showed fragmented activity. In contrast, 35 normal 
electrograms were found at an earlier time. Intraoper- 
ative right bundle branch block occurred in this patient 
and only the data from the left ventricle was ana- 
lyzed. 

In the 6 patients with late potentials, the latest 
fragmented electrograms lasted a mean of 54 + 31 ms 
beyond the latest normal electrogram in each patient. 
There were 3.3 + 2.9 fragmented electrograms/patient 
that persisted >20 ms beyond the latest normal elec- 
trogram. There was a high proportion of fragmented 
electrograms during the last 40 ms of the filtered QRS 
complex (Fig. 5). Relatively few (13) normal electro- 
grams were active during that time; only 4.6% of the 
total number of normal electrograms occurred then. In 
the last 40 ms, 41 electrograms were active and 28 (68%) 
were fragmented. Earlier in the QRS, there were 309 
electrograms detected and the proportion of fragmented 
electrograms in any 40 ms segment was lower (mean 
27%, range 16 to 36, p <0.001). 

VT patients without late potentials: Two patients 
with VT did not have the low-amplitude signal at the 
end of the filtered QRS complex. One had left bundle 
branch block (Fig. 6A). The electrograms with normal 
configuration were delayed and obscured the signal .” 
from the fragmented electrograms. During the last 40 
ms there were 4 fragmented and 10 normal electro- 
grams. The body surface signal was 46 uV during that 
time. In addition, this patient did not have a peak of 
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high-frequency signal in the first 100 ms of the filtered 
QRS complex; in contrast to all other patients, the 
high-frequency signal had a more uniform level over 156 
ms. 
` Figure 6B shows the records from the other patient 
with VT who did not have a low-amplitude, late po- 
tential. The voltage during the last 40 ms was 59 pV. 
During that time there were 3 fragmented and 25 nor- 
mal electrograms. The fragmented electrograms were 
brief and ended 80 + 12 ms after QRS onset. The other 
‘patients with VT had longer fragmented electrograms 
that ended 122 + 36 ms after QRS onset (p = 0.01). 
The 2 VT patients without the late potentials had a 
low proportion of fragmented electrograms during the 
last 40 ms of the filtered QRS complex. In these pa- 
tients, only 17% of the electrograms in the last 40 ms 
were fragmented (7 fragmented, 35 normal electro- 
grams); in contrast, 68% of the electrograms in the last 
40 ms were fragmented in the patients with the low- 
amplitude signal (p <0.001). In the 2 patients without 
late potentials there was no significant difference in the 


proportion of fragmented electrograms active in each. 


40 ms segment of the QRS; a mean of 18% (range 13 to 
24) of the electrograms in each segment were frag- 
mented (p = 0.59). 

Tn the results discussed so far, the normal electro- 
grams were analyzed according to the time of their peak 
amplitude. Data were reanalyzed taking into consid- 
eration the total duration of the normal electrograms, 
which was 43 + 6 ms. The VT patients with the late 
potentials had a high proportion of fragmented elec- 
trograms in the last 40 ms compared with the other 
segments of the QRS complex (p <0.001). Similar re- 
- sults were found when only left ventricular epicardial 
sites were analyzed (p <0.001). 

For the patients with VT, the filtered QRS voltage at 
a particular time correlated with the number of sites 


with active electrograms at that time. The mean linear 


TIME (MSEC) 






FIGURE 6. Patients 8 and 4. Time relation between the 
filtered QRS complex and electrograms in the 2 patients 
with VT who did not have late potentials. Symbols as In 
Figure 4. See text for details. 


correlation coefficient was 0.80 (range 0.51 to 0.96), and 
the mean slope was 5.6 uV (range 3.2 to 9.4) per elec- 
trographic site. The body surface voltage associated 
with fragmented electrograms was estimated from 5 
patients with VT who had a 20 to 60 ms segment of the 
filtered QRS complex during which normal electro-: 
grams were not present. The mean voltage was 2.0 + c 4 
uV/site showing fragmented activity. 


Discussion 


This study used 2 advanced signal processing tech- 
niques to record low-level potentials on the body sur- 
face: signal-averaging and a bidirectional high-pass 
filter. Signal-averaging reduces random noise, which 
arises primarily from muscle, and allows the detection 
of microvolt level signals which would otherwise be 
obscured by noise. The high-pass filter sharply atten- 
uates low-frequency activity, but allows high-frequency 
potentials to pass without reduction. The filtering al- 


lows one to detect electrical activity arising from 


changes in conduction velocity or direction of activa- 
tion,” and simultaneously suppresses the low-frequency 
activity that originates from the plateau phase of the 
action potentials. The filter we used had excellent at- 
tenuation of low-frequency events; in the S-T segment 
of all patients, there was no signal other than random 
noise, a mean of 0.6 uV. The filter operated in a bidi- 
rectional mode to eliminate filter ringing, an artifact 
which would mask a low-amplitude signal that occurred 
immediately after a larger signal, such as the QRS 
complex.!6 

In previous work, we demonstrated that 90% of pa- 
tients with VT after MI had a distinctive low-amplitude, 
late potential which was continuous with the earlier 
portions of the QRS complex.!®-1819 A similar potential - 
was found in only 6% of patients without serious ven- 
tricular arrhythmias after MI. A low level of signal in the 
last 40 ms of the filtered QRS complex (<25 uV) iden- 


January 1, 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 111 


tified patients with VT with 90% sensitivity and 94% 
specificity. Several groups of investigators have iden- 
tified a similar low-amplitude, late potential in patients 
with VT.1-15 a 

The purpose of this work was to identify the origin of 
the low-level, late potential by correlation with directly 
recorded epicardial and endocardial ventricular elec- 
trographic maps. In 6 patients with VT the late poten- 
tial occurred at a time when a high proportion of active 
electrode sites showed fragmented activity. During the 
time of low-amplitude signal, 68% of the active elec- 
trograms were fragmented. In contrast, only 27% of 
active electrograms were fragmented earlier in the QRS 
complex (Fig. 5). The 2 patients with VT without late 
potentials did not have a high proportion of fragmented 
electrograms late in the QRS complex. No low-level, late 
potentials were found in 4 patients without VT who had 
fragmented electrograms after MI; the longest frag- 
mented electrogram in those patients ended a mean of 
87 ms after QRS onset, presumably during normal 
ventricular activation. 

The condition necessary to detect slow ventricular 
activation on the body surface is that the disorganized 
and delayed activation must outlast normal ventricular 
activation. When fragmented electrograms were brief 
in duration, no distinctive signal was identified. Con- 
versely, in the 6 VT patients with late potentials, the 
longest fragmented electrograms outlasted the latest 
normal electrogram by 54 ms. 

This study offers insight on why a low- amplitude 
signal at the end of the filtered QRS complex identified 
patients with VT in our previous studies. First, the 
signal from delayed ventricular activity is low level. Only 
a few sites have fragmented electrographic activity late 
in the QRS complex; in the 6 VT patients with the late 
potentials a mean of only 3.3 sites lasted 20 ms beyond 
the latest normal electrogram. Each site with frag- 
mented activity, moreover, was associated with a low- 
level signal on the body surface, estimated at 2 uV/site. 
Second, normal ventricular activation generates a 
high-level, symmetrical burst of high-frequericy energy. 
This was apparent on examination of the filtered QRS 
complex from patients without VT (Fig. 1 and 3). The 
normal electrograms had: a symmetrical time distribu- 
tion; the mean and median times of activation agreed 
within 2 ms. In the patients with VT, the normal elec- 
trograms tended to cluster together in time as expected 
from the syncytial nature of myocardium; within the 40 
ms preceding the latest normal electrogram, a mean of 
19 sites with active normal electrograms was detected. 
As a consequence, normal ventricular activation causes 
a relatively high amplitude of high- frequency voltage 
on the body surface which ends abruptly, in contrast to 
the low-level signal that fragmented and delayed ven- 
tricular activation creates. The distinguishing criterion 
for detecting delayed and fragmented ventricular ac- 
tivation is a low-amplitude potential which persists at 
the end of the QRS complex. This study suggests that 
the low-amplitude signal represents disorganized and 
delayed activation within 1 or more protected sites and 
is in agreement with the findings of Fontaine,“ 


Breithardt,!4 Rozanski!5 and their co-workers, who have 
reported examples of fragmented epicardial and en- 
docardial electrograms which correlated in time with 
late potentials. 

The 2 patients with VT who did not have the low- 
amplitude, late potential illustrate limitations of the 
signal-averaging technique. Patients with bundle 
branch block may have sufficient delay in epicardial 
activation that masks the fragmented electrical activity 
elsewhere in the heart. Also, some patients with VT may 
not have fragmented electrographic activity of sufficient 
duration to allow detection from the body surface dur- 
ing sinus rhythm (Fig. 6). In our previous studies,!618,19 
we found the incidence of failure to detect delayed po- 
tentials among VT patients without bundle. branch 
block to be 10%, possibly because of insufficient delay 
of ventricular activation. Rapid pacing or insertion of 
a premature beat may improve the sensitivity of the 
signal-averaging technique by prolonging the duration 
of delayed ventricular activity.568 ` 

Several technical difficulties in this study should be 
noted and require further investigation. First, the pa- 
tients without VT did not have ventricular aneurysms, 
yet all but 1 of the patients with VT had an aneurysm, 
A more appropriate control group, and one more diffi- 
cult to obtain, would be patients with ventricular an- 
eurysms yet without ventricular arrhythmias. However, 
in previous studies late potentials were found in patients 
with VT but without ventricular aneurysms, and the 
voltage late in the filtered QRS complex was nearly 
identical in patients with VT despite the presence or 
absence of an aneurysm.!© These findings suggest that 
the late potential is related to the VT and not to the 
ventricular aneurysm. 

Second, standards should be developed to define the 
end points of normal and fragmented electrograms. At 
sufficiently high gain and with a low noise level, an 
electrode will record distant activity. With fragmented 
electrograms, the difficult of defining the end points 
increases. From our previous experience with ventric- 
ular mapping, we used the rapidly moving components 
of the electrograms to establish the end points; we rec- 
ognize that this definition is somewhat arbitrary. Third, 
the epicardial electrodes we used had a smaller intere- 
lectrode distance (1.5 mm) than the catheter endocar- 


‘dial electrode (1 cm). Data from animal studies suggest 


that increasing the interelectrode distance does not 
significantly prolong the endocardial electrogram2’; 
similar studies are needed in humans, especially in re- 
gions of myocardium with delayed and fragmented 
electrical activity. 

Finally, since the signal-averaging and mapping 
studies were not simultarieous, it is not clear whether 
failure to detect some fragmented activation (as site 6-8, 
Fig. 4A) on the body surface represents a lack of suffi- 
cient sensitivity by the signal-averaging technique or 
a change in duration of the fragmented electrogram over . 


. time. 
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Clinical Spectrum of Ventricular Tachycardia With 


Left Bundle Branch Morphology 


MICHAEL. J. REITER, MD, PhD, WARREN M. SMITH, MD, and JOHN J. GALLAGHER, MD 





Twenty-nine patients with apparent ventricular 
tachycardia (VT) of left bundle branch block (LBBB) 
morphology were evaluated. Tachycardia was as- 
sociated with an organic basis In 24 of 29 patients: 
7 had Mahaim fibers of the nodoventricular type, 7 
had arrhythmogenic right ventricular dysplasia, 5 
had coronary heart disease, 3 had blventricular 

cardiomyopathy, and 2 had associated congenital 
heart disease. 

In many patients the underlying cardiac disease 
was not readily apparent. In the patients with a 
Mahaim fiber, the electrocardiogram taken during 
sinus rhythm was frequently normal. A reentry 
tachycardia with anterograde conduction over the 
nodoventricular fiber could mimic VT as diagnosed 
by thé usual criteria; nodoventricular fibers were, 


Recurrent VT may be a manifestation of a variety of 
organic heart diseases with differing prognostic and 
therapeutic significance. It is often difficult to distin- 
guish between the various causes based on clinical fea- 
tures alone. The QRS morphology of the VT has 
sometimes been assumed to convey useful diagnostic 
information by indicating the ventricle of origin! ®— 
tachycardia having an LBBB morphology originating 
from the right ventricle and tachycardia having a right 
bundle branch block (RBBB) morphology originating 
from the left ventricle. It was recently shown, however, 
that the assignment of the origin of the tachycardia on 
the basis of the bundle branch block morphology of the 


tachycardia may be misleading.’:8 Nevertheless, it is: 


frequently suggested that premature ventricular beats 
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therefore, often unsuspected before electrophysi- 
ologic evaluation. In patients with arrhythmogenic 
right. ventricular dysplasia, cineanglography dem- 
onstrated’ abnormalities of the right ventricle, but 
only minor or no abnormalities of the left ventricle. — 
Clinical and electrocardiographic features were not 
distinctive. Of the 29 patients, 22 had serious 
symptoms accompanying the tachyarrhythmla -or 
had required cardloversion. Patients were followed 
up for an average of 20 months: 4 patients died. 
Thus, VT exhibiting an LBBB morphology Is not un- 
common and is frequently associated with organic 
heart disease, serlous symptoms, and significant 
mortality. Right ventricular anglography and elec- 
trophyslologic study may clarify the pagnoli in 
these patients. 


or VT with an LBBB morphology imply a benign 
prognosis and are often unassociated with organic heart 


„disease. 26910 These observations have not been con- 


firmed by other investigators,1!!? and the significance 
of VT with an LBBB morphology remains unknown. 
This report-assesses the implications of a tachycardia 
exhibiting an LBBB morphology among patients re- 
ferred to this institution for evaluation of recurrent 
VT. 


Methods 


Patients referred to Duke University Medical Center with 
presumed recurrent VT as defined by electrocardiographic 
or His bundle electrographic criteria were eligible for the 
study. Patients with intact atrioventricular accessory path- 
ways were excluded. VT was diagnosed when a wide QRS 
tachycardia with either atrioventricular dissociation (on the 
surface electrocardiogram or documented by eosphageal re- 
cording), atrial capture beats, or fusion beats were identified. ` 
In equivocal: cases, VT was diagnosed if the QRS complex . 
during the tachycardia was not preceded by a His bundle 
deflection or was preceded by a His deflection at an H-V in- 
terval shorter than that seen during sinus rhythm.!* At least 
2 documented episodes of sustained VT (>1 minute) were 


. required for inclusion in this study. In most cases, the number 


of episodes far exceeded this minimum. Patients with myo- 
cardial infarction within the preceding 6 weeks, suspected 


j at ; ® 
: : 
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TABLE! Clinical Features In 29 Patients With Tachycardia Exhibiting an LBBB Morphology 
























































Age Duration History 
i -{yr) Cardiac Presenting of of Follow-Up 
° Case & Sex Diagnosis Symptoms Symptoms Cardloversion Therapy (mo) 
Patients With Nodoventricular Fibers 
1 15M NVF, Ebstein's anomaly Palpitations, 4yr No Quinidine No recurrence 
presyncope : (38) 
2 14M NVF, S/P closure of ASD Pal ltations, 3 days Yes Quinidine No recurrence 
; (21) 
3 4M NVF Palpitations 4 days No Quinidine Recurrence X1 
(42) 
4 34F NVF Palpitations, 2 yr Yes Quinidine No recurrence 
syncope (32) 
5 18F NVF, Ebstein's anomaly, Paipitations, 1mo Yes Digoxin No recurrence’ 
Se selon of Kent presyncope + verapamil (48) 
undle 
6 20M NVF, Ebstein’s anomaly, Palpitations 5 mo Yes . None No recurrence 
S/P division of Kent (42) 
_ bundle 
7 34M NVF Palpitations 6 yr Yes Verapamil No recurrence (1) 
Patients With Arrhythmogenic Right Ventricular Dysplasia _ 
8 37M ARVD, CREST Presyncope, 4mo Yes Cryoablatlon of - Recurrence X1 
syndrome cp. tachycardia (42) 
: origin (RVOT) 3 
9 13F ARVD Palpitations, 13 mo Yes Quinldine Sudden death (19) 
i seizures : 

10 69M ARVD Dizziness 12 yr Yes EEV (posterlor RV) Recurrence X2 (9) 

11 41F ARVD, MVP Palpitations, 8 yr No Amlodarone No recurrence 
syncope (18) 

12 16M ARVD Syncope 15 mo No Amlodarone No recurrence (9 

13 33M ARVD Palpitations, 7 mo Yes Qulnidine No recurrence (5 

~ syncope f 
14 67F ARVD Palpitations, 6 mo Yes PA No recurrence (2) 
fatigue 
Patients With Coronary Artery Disease 
15 45M CAD, LV aneurysm Palpltations, 8 mo Yes EEV (posterior LV) No recurrence 
. VF (16) 
16 52M CAD, LV aneurysm Palpitations, 10 mo Yes Endocardial No recurrence 
P : resection, (12) 
aneurysmectomy 
{anterior LV) 
17 67M CAD, LV aneurysm Seizures 18 mo Yes EEV, aneurysmectomy, Perioperative 
oot LV), death 
ABG {renal failure) 

18 57M CAD, LV & RV Dizziness, 27 mo Yes Tocainide + PA Dled (1) 

aneurysm; CHF presyncope ` : 

19 57M CAD, LV aneurysm Palpitations 6 yr Yes Endocardial resection, No recurrence (2) 

aneurysmectomy, 
(posterior LV), CABG 
, Patlents With Miscellaneous Causes 

20 29M ` Cardiomyopathy Palpitations, 8 yr Yes Disopyramide Sudden death (25) 

syncope, phosphate 
: CPA 
21 16F Cardiomyopathy Palpttations, 5 yr No EEV, cryoablation No recurrence 
syncope of tachycardia (22) 
origin (RVOT) 
22 36M Cardiomyopathy, MVP Palpitations tyr No Disopyramide phosphate No recurrence 
and propranolol (21) 

23 20M Ebstein’s anomaly Syncope, 3 yr Yes Disopyramide No recurrence 
shock phosphate 39) 

24 22M Corrected tetralogy Dizziness, 11 yr Yes Quinidine No recurrence 

of Fallot ` presyncope (16) 

25 50F None ` Weakness, 1mo No Disopyramide Recirrence X5 
dizziness, phosphate (33) 
presyncope ; 

26 52M None Palpitations, 10 yr No Disopyramide No recurrence 

À chest pain phosphate 

27 27M None Palpitations, 2 yr No Tocalnide No recurrence (7) 
cP 

28 20F, None Syncope 6 yr No None No recurrence (2) 

29 28M None Palpitations 2yr No Propranolol No recurrence (2) 








ARVD = arrhythmogenic right ventricular dysplasia; ASD = atrlal septal defect; CABG = coronary artery bypass graft; CAD = coronary artery 
disease; CP = chest pain; CPA = cardiopulmonary arrest; CREST = calcinosis, Raynaud's phenomenen, esophageal hypomotility, sclerodactyly, 
and telangiectasia; EEV = encircling endocardial ventriculotomy; LV = left ventricle; MVP = mitral valve prolapse; NVF = nodoventricular fiber; 
PA = procainamide; RV = right ventricle; RVOT = right ventricular outflow tract; S/P = status post; VT = ventricular fibrillation. 


January 1, 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 | 115 


drug toxicity, or an acute precipitating cause of VT were ex- 
cluded. No patient exhibited a Q-T prolongation syndrome. 
Fifty patients who fulfilled these criteria and who underwent 
electrophysiologic study comprise the study population. 

LBBB morphology was diagnosed when the QRS complex 
exceeded 120 ms and was predominantly negative in lead V1 
with a terminal S wave. RBBB morphology was diagnosed 
when there was a predominantly positive QRS complex in lead 
Vi with a terminal R wave. Serious arrhythmias were defined 
by the occurrence of seizure, syncope, shock, or cardiac arrest 
in association with the tachycardia. 

All patients were placed on continuous telemetry upon 
admission to the hospital. When appropriate, all cardioactive 
medications were discontinued before study. All patients had 
a history and physical examination, routine blood work, 
electrocardiogram, and chest x-ray before electrophysiologic 
study. Each patient underwent additional evaluation to de- 
termine the nature and extent of organic heart disease. The 
specific studies were dictated by the clinical circumstances 
but frequently included right or left heart catheterization, or 
both, and ventriculography, coronary angiography, 2-di- 
mensional (2-D) echocardiography, and radionuclide angi- 
ography. M-mode and 2-D echocardiography were performed 
using standard techniques.!4-!5 Single-pass and multigated 
radionuclide angiography were performed after the intrave- 
nous injection of 30 mCi of technetium-99m using standard 
techniques./¢ 

All but 1 patient underwent electrophysiologic study by the 
catheter technique (43 patients) or intraoperative study (13 
patients), or both, using techniques fully described else- 
where.17:18 During the study in the electrophysiology labora- 
tory, the right atrial catheter was advanced into the right 
ventricle for purposes of mapping during tachycardia or for 
programmed intracardiac stimulation from multiple sites 
(apex, high and low outflow tract, septum, and inflow tract) 
within the right ventricle. The protocol for inducing VT in- 
cluded the introduction of (1) progressively more premature 
single, then (2) double extrastimuli during ventricular pacing 
at 1 or more pacing rates, and (3) bursts of rapid pacing from 
the apex of the right ventricle, right ventricular outflow tract, 
or left ventricle. Termination of the tachycardia was at- 
tempted using single or double premature extrastimuli and 






50 PATIENTS 










RBBB (18) 
1) MALE, 7 FEMALE 
MEAN AGE =48 yrs (6-70) 


LBBB (29) 


NO. PTS. ETIOLOGY 


NO.PTS. 


5 
7 
7 
Misc (see legend) 3 
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34 MALE, 16 FEMALE 
MEAN AGE 40yrs (4-70yrs) 


21 MALE, 8 FEMALE 
MEAN AGE 234 yrs(4-69) 


rapid ventricular pacing. Left ventricular pacing was accom- 
plished by way of either the distal electrode pair of the coro- 
nary sinus catheter or retrograde catheterization of the left 
ventricle from the right femoral artery. No serious complica- 
tions were encountered. 
Results 

` Of our 50 patients (Fig. 1), 58% had VT exhibiting an 
LBBB morphology. No organic basis for the tachycardia 
was found in 5 of the 29 patients with LBBB morphol- 
ogy (a proportion similar to that found in patients with 
RBBB morphology, 3 of 18 patients). The other 24 pa- 
tients with tachycardia having LBBB morphology had 
1 of the following causes: Mahaim fiber of the nodo- 
ventricular type (7 patients), arrhythmogenic RV dys- 
plasia (7 patients), coronary artery disease (5 patients), 
biventricular cardiomyopathy (3 patients), or congenital 
heart disease (2 patients) (Table I). 

Patients with nodoventricular Mahaim fibers: 
Patients with a nodoventricular fiber tended to be 
younger than other patients with tachycardia exhibiting 
an LBBB morphology with a mean age of 20 years 
(range 4 to 34). Palpitations were the most common 
presenting symptom and serious symptoms were in- 
frequent. One patient had had syncope during tachy- 
cardia and 5 patients had a history of cardioversion. 
Associated cardiac disease (Ebstein’s anomaly, atrial 
septal defect, atrioventricular accessory pathway) was 
not uncommon. 

During sinus rhythm, all patients with a nodoven- 
tricular fiber had a normal P-R interval. The config- 
uration of the QRS complexes in sinus rhythm either 
showed varying degrees of LBBB morphology (5 pa- 
tients) (Fig. 2) or was consistently normal (2 patients). 
Only a single morphology was observed during spon- 
taneous tachycardia. 

The presence of a nodoventricular fiber in these pa- 
tients and its anterograde involvement in a reentry 
tachycardia was demonstrated by previously described 












L & RBBB (3) 


2 MALE, 1 FEMALE 
MEAN AGE =48 yrs (36-58) 






ETIOLOGY NQ PTS. ETIOLOGY 
CAD ] CAD 
NVF 2 Cardiomyopathy 
ARVD 
Paaervecatts 
Idiopathic 


FIGURE 1. Tachycardia morphology and distribution of etlologles In 50 patients with recurrent VT. One patient with VT with an RBBB morphology 
had a left ventricular aneurysm of uncertain cause and another had a catecholamine-related tachycardia. ARVD = arrhythmogenic right ventricular 
dysplasia; CAD = coronary artery disease; CHD = congenital heart disease; MVP = mitral valve prolapse; NVF = nodoventricular fiber. 
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electrophysiologic criteria.!? Tachycardia using the 
nodoventricular fiber in the anterograde direction ex- 
hibited features suggestive of VT including the fol- 
lowing: wide QRS tachycardia with LBBB morphology 
(7 patients), absence of a His deflection preceding the 
QRS complexes during tachycardia (7 patients), and 
ventriculoatrial dissociation during tachycardia (3 pa- 
tients). Tachycardia could be frequently induced or 
terminated by premature atrial stimuli or rapid atrial 
pacing (Table II). 

Six patients remain well and free of satana 
symptomatic tachycardia on medical therapy (mean 
follow-up 30 + 17 months). One patient, a 4-year-old 
boy, had been treated with quinidine, initially with a 
dose that was therapeutic. During his growth this dose 
became inadequate and he developed recurrent tachy- 
cardia. Since his dosage was adjusted, he has had no 
tachycardia. 


Patients with arrhythmogenic right ventricular 
dysplasia: Seven patients were felt to have arrhyth- 
mogenic right ventricular dysplasia.” Four patients had 
had serious symptoms in association with their ar- 
rhythmia and 5 patients had required multiple cardio- 
versions. Five patients had symptoms predominantly 
or exclusively associated with exercise or activity. 

Associated cardiac disease was unusual. There was 
no obvious familial association but 1 patient had a 
family history of sudden death and another had a sibling 
with exercise-induced VT. Patients with arrhythmo- 
genic right ventricular dysplasia had no distinctive 
physical findings, although 1 patient presented with 
right ventricular failure. Chest x-rays were typically 
normal and electrocardiographic features during sinus 
rhythm were nonspecific (Fig. 3, top left): low voltage 
in the limb leads (4 patients), T-wave inversion in the 
right precordial leads (7 patients), nonspecific intra- 





[ ne | 
200 msec 


FIGURE 2. Patient 2. Termination of reciprocating tachycardia in a patient with a nodoventricular fiber. Recordings from top to bottom include standard 
electrocardiographic leads |, Il, Ill, V4, and Ve; bipolar electrograms recorded from the right ventricular apex (RV), the right atrium (RA), the region, 
of the His bundle (HBE), the proximal coronary sinus (PCS), and the distal coronary sinus (OCS); and unipolar electrograms recorded from the proximal 
(CS4) to the distal (CS,) coronary sinus. Initially, tachycardia with an LBBB morphology Is present. No His electrogram is visible before the QRS 
complexes and there Is complete ventriculoatrial dissociatlon. After 7 beats of tachycardia, 2 successive ventricular premature depolarizations 
are Introduced, resulting in conversion to sifus rhythm. The morphologies of the ventricular complexes In sinus rhythm are similar to those during 
the tachycardia and show varying degrees of LBBB aberration; In addition, the His deflection occurs after the onset of the surface QRS com- 


plex. 
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FIQURE 3. Patient 10. Electrocardio- 
gram of a patient with arrhythmogenic 
right ventricular dysplasia. Top left, a 
124ead electrocardiogram during sinus 
rhythm. Note the low limb lead voltage, 
first degree atrloventricular block, and 
T-wave abnormalities In the right pre- 
cordial leads. Late activation (epsilon 
potential) Is Indicated by the arrow. Top 
right, magnification of QRS complex 
from lead V2, showing late activation. 
Bottom, epicardial recording demon- 
strating late ventricular activation re- 
corded over the right ventricle. Stan- 
dard electrocardlographic leads |, Il, and 
lli, a reference ventricular electrogram, 
and bipolar and unipolar electrograms 
from a mapping electrode are shown. 





DIASTOLIC 


FIGURE 4. Patient 12. Comparison of radionuclide angiograms and a clneangrogram in a patient with arrhythmogenic right ventricular dysplasia. 
‘Left, multigated radionuclide anglograms taken In the left anterior oblique view with 45° of caudal InclInatlon of the camera, end-dlastollc and end- 
systolic frames. The arrows Indicate the plane of the Interventricular septum (IV) and the atrioventricular groove (AV). The right ventricle Is markedly 
enlarged and hypokinetic (ejection fraction 15%). The left ventricle is normal In size and function (ejection fraction 74%). Right, cineanglogram, 
posteroanterior view. The right ventricle is enlarged and hypokinetic, and there are akinetic segments of the apex, diaphragmatic surface, and 
outflow tract. Delay Is evident In the emptying of the right ventricle along the Inferlor border, with stagnation of contrast material. 
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ventricular conduction delay (4 patients), and first- 
degree block (1 patient). The electrical axis was normal 
in all patients. Only 1 patient showed evidence of de- 
layed depolarization (epsilon potential)?! on the stan- 
dard electrocardiogram (Fig. 3). 

Despite the lack of characteristic clinical features, 
noninvasive evaluation frequently suggested right 
ventricular abnormalities in these patients. In 5 of the 
6 patients who had echocardiographic studies (Table 
III), the right ventricular chamber appeared enlarged 
and hypokinetic. The left ventricles appeared normal 
in all patients. Only 1 patient, who only had an M-mode 
study, had a normal echocardiogram. 

Dramatic right ventricular enlargement and hypo- 
kinesia were seen in the 3 patients who underwent ra- 
dionuclide study (Fig. 4, left). Right ventricular ejection 
fractions were estimated at <30% for the 3 patients who 
had left ventricular ejection fractions of 58, 74, and 70%, 
respectively. In 1 patient, focal right ventricular wall 
motion abnormalities were also detected by radionu- 
clide angiography. — 

With right ventricular angiography, all of these pa- 
tients demonstrated global dysfunction and enlarge- 
ment of the right ventricle in addition to localized right 
ventricular dyskinesia or diverticula of the right ven- 
tricular wall (Fig. 4). Localized abnormalities of the 
right ventricular wall were frequently multiple. Despite 
the angiographic abnormalities, right-sided hemody- 


namic function was typically normal. Only 2 patients 
had modest elevation of the right ventricular end-dia- 
stolic pressure (16 mm Hg in both). 

Findings on left ventricular angiography were normal ə 
in 4 patients, with 3 having only minor wall motion ab- 
normalities of the left ventricle. Left ventricular end- 
diastolic pressure was normal in all patients and none 
had significant coronary artery disease. 

All but 1 patient with arrhythmogenic right ventric- 
ular dysplasia underwent electrophysiologic study. 
Initiation of VT by programmed right ventricular 
stimulation was possible in 4 of the 6 and could be ter- 
minated by right ventricular pacing in both patients in 
which it was sustained. 

Endocardial and intraoperative mapping during VT 
localized the site-of earliest ventricular activation to the 
right ventricle in all 6 patients. In thé 2 patients who 
underwent intraoperative mapping, late activation (Fig. 
3, bottom) and low amplitude, fragmented potentials 
were present over extensive portions of the right ven- 
tricle. Activation of the left ventricle appeared 
normal. 

Five patients were treated medically and 2 underwent 
surgery: 1 patient ‘underwent cryoablation of an ectopic 
focus,?? and in the other a large portion of the right 
ventricle was isolated by an encircling endocardial 
ventriculotomy.”% One patient (Patient 9) treated with 
quinidine died suddenly 19 months after evaluation, 




















TABLE ili Angiographic, Echocardlographic, and Radionuclide Anglographic Findings in Patients With Arrhythmogenic Right 
Ventricular Dysplasia 
Angiography 
RV Enlargement LV Echocardiography 
and Global Local RV RV Abnormalities Radionuclide 
Case Dysfunction Dyskinesla Diverticulum (EF) M-Mode 2-Dimensional Anglography 
8 Yes Yes None (44%) Not performed Not performed Not performed 
9 Yes Yes None (52%) Enlarged RV Enlarged RV, Not performed 
` paradoxical 
septal motion, 
normal LV 
10 Yes Yes Apex, INF, Apical Enlarged & Enlarged & Hypokinetic RV (EF 
DIAPH dyskinesia hypokinetic RV, * hypokinetic RV; 34%) 
(58%) paradoxical paradoxical septal 
septal motion motion 
t1 Yes boyd None MVP, Not performed Not performed 
normal RV, 
normal LV 
12 Yes Yes INF (multiple) None (74%) Enlarged RV Enlarged & Enlarged & 
hypokinetic RV, hypokinetic RV 
normal septal (EF 15%), with 
motion Inferospical 
dyskinesla, 
normal LV 
13 Yes Yes Anterlor Enlarged RV Not performed Not performed 
hypokinesta - i 
57 
14 Yes Yes INF, DIAPH 1(+) MR, apical Enlarged RV Enlarged & Enlarged & 
dyskinesia hypokinetic RV, hypokinetic RV 
(70%). paradoxical (EF 19%), with 
septal motion, akinesia of 
pericardial: anterior, apical, & ° 


DIAPH = dlaphragmatic surface; EF = ejection fraction; INF 





prolapse; RV = right ventricle. 


effusion, normal 
LV ` 





inferior wall 


= infundibulum; LV = left ventricle; MR = mitral regurgitation; MVP = mitral valve 
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although she was shown to have therapeutic serum 
quinidine levels at the time of death. The remaining 6 
patients were alive and well at follow-up (mean 14 
months, range 2 to 42.) 


Patients with coronary artery disease: Five male 
patients (45 to 67 years of age, mean 56) had coronary 
artery disease. Two patients had had serious symptoms 
associated with VT and all had required multiple car- 
dioversions. Angiography confirmed the presence of a 
left ventricular aneurysm in all patients. 

The electrocardiogram indicated prior myocardial 
infarction in all 5 patients and 3 showed persistent S-T 
segment elevation, suggesting the presence of a ven- 
tricular aneurysm. 

Four of the 5 patients had inducible sustairied VT. 
Intraoperative mapping showed that VT originated in 
the interventricular septum bordering the aneurysm in 

` 4 patients. The fifth patient underwent catheter en- 
docardial mapping which was consistent with a left 
ventricular origin of the tachycardia. 

Four patients were treated surgically. Two underwent 
an encircling endocardial ventriculotomy as described 
by Guiraudon et al?4 and 2 underwent endocardial re- 
section. There was 1 perioperative death. Three patients 
were alive and without clinical recurrence 2, 12, and 16 
months postoperatively. One patient with congestive 
failure and progressive glomerulonephritis was treated 
medically and died within 1 month of evaluation. 


Patients with biventricular cardiomyopathy: 
Three patients were found to have a biventricular car- 
diomyopathy. Symptoms in these patients were pri- 
marily related to episodes of VT. Two of the 3 had had 
syncope. Symptoms of left ventricular failure were not 
` prominent in any of the 8. All 3 patients underwent 
cineangiography of the right ventricle and had localized 
right ventricular contraction abnormalities, but no 
patient was observed to have sacculations or diverticula 
of the right ventricle. Two patients had normal coronary 


angiograms; the third patient, a 16-year-old girl, did not 


undergo coronary angiography. 

Endocardial mapping during fachveardia demon- 
strated ventricular activation to be earliest in the right 
ventricle in 2 patients. One patient (Patient 21) was also 
mapped intraoperatively. The earliest area of activation 
was located in the right ventricular outflow tract. 

One patient underwent surgical cryoablation of the 
site of origin of the VT with additional encircling 
transmural ventriculotomy. She remains well and free 
of arrhythmia 22 months after surgery. One medically 
treated patient had progressively more frequent epi- 
sodes of recurrent VT despite aggressive antiarrhythmic 

‘therapy and died suddenly 25 months after initial 
evaluation. The other medically treated patient was 
alive and well at follow-up. 


Patients with congenital heart disease: Two male 
patients had congenital heart disease; 1 had Ebstein’s 
anomaly and the other had undergone complete surgical 
repair of tetralogy of Fallot 15 years previously. Neither 
had significant hemodynamic abnormalities. The pa- 
tient with Ebstein’s anomaly had had syncope and hy- 

spotension during VT. Both had required cardiover- 
sion. 
o 


Both patients had VT that could be induced. Earliest 
activation was recorded from the right ventricle in both 
patients. Both patients have been free of sustained re- 
current tachycardia on medical therapy alone, at 16 and 
39 months after evaluation. 

Patients without organic heart disease: In 5 pa-. 
tients, 3 male and 2 female (20 to 52 years old, mean 35), . 
no cause of tachycardia could be demonstrated. Only: 
1 of these 5 patients had had serious symptoms in as- 
sociation with the tachycardia; none had required car- 
dioversion. All 5 patients had normal left ventriculo- 
grams, no significant coronary artery disease, and right 
ventriculograms that were considered normal. 

VT could be induced in only 2 of the 5 patients. 
Limited endocardial activation mapping was carried out 
in 3 patients during tachycardia and in 1 patient during 
a period when frequent premature ventricular con- 
tractions occurred. Earliest ventricular activation oc- 
curred in the right ventricle in 3 patients and in the re- 
gion of the His bundle catheter in 1 patient. 

All 5 patients have received medical therapy. Mean 
follow-up has been 12 months (range 2 to 33). Four pa- 
tients have had no sustained tachycardia. One patient 
has had a recurrence of VT about every 6 months. 


Discussion 


The present study describes the findings in 29 pa- 
tients with tachycardia exhibiting exclusively an LBBB 
morphology. More.than 80% had an associated cardiac 
abnormality. This finding differs from those in other 
studies? !9 in which idiopathic ventricular tachycardia 
was more common in patients exhibiting LBBB con- 
figuration than in patients whose VT had RBBB mor- 
phology. The reason for this difference is uncertain, but 
no cases of arrhythmogenic right ventricular dysplasia 
or nodoventricular fibers were reported in the other 
series. Since both may be mistaken for idiopathic VT 
in the absence of right ventriculography or electro- 
physiologic study, the difference may be related to the 
nature of the diagnostic evaluation in previously re- 
ported series. We routinely performed right heart an- 
giography and complete electrophysiologic study in 
these patients. Alternatively, the discrepancy may be 
due to differences in case selection. Our referral popu- 
lation tends to select patients with uncertain cause and 
management difficulty. Thus, the proportion of patients 
with arrhythmogenic right ventricular dysplasia and 
nodoventricular fibers in the present study may be high 
and not representative for an unselected population of 
patients with VT having LBBB morphology. 

Patients with nodoventricular fibers were included 
in this study because the reentry tachycardia mimicked 
VT. Indeed, these patients were often referred with a 
presumptive diagnosis of VT. The presence of LBBB 
morphology, indicating preexcitation of the right ven- 
tricle, was observed intermittently during sinus rhythm 
in 5 of 7 and consistently during tachycardia in 7 of 7 
patients. No patient with a nodoventricular fiber 
preexciting the left ventricle has been seen in over 400 
cases of preexcitatidn studied in this laboratory. Thus, 
the presence of a Mahaim fiber should be considered 
and excluded in the setting of a tachycardia having 
LBBB morphology, especially if the QRS complexes 
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during sinus rhythm show varying degrees of apparent 
LBBB aberration. i 


Arrhythmogenic right ventricular dysplasia was ` 


diagnosed in 7 patients. This cardiomyopathy primarily 
involves the right ventricle and was first characterized 
“by Fontaine et al.*5 In their studies as well as in the 
present study, the disorder exhibited no distinctive 
clinical or electrocardiographic characteristics. The lack 
of characteristic clinical features and the presence of 
normal chest x-rays and left ventricular angiograms 
suggested an idiopathic VT in the absence of any further 
évaluation. The diagnosis can be made by right ven- 
tricular angiography. Echocardiography and radionu- 
clide angiography were also seen to be sensitive in de- 
tecting isolated abnormalities of the right ventricle. 
These techniques may be useful for noninvasive 
screening and follow-up of these patients. 


Diagnosis of the underlying disease in patients. 


manifesting tachycardia with an LBBB morphology has 
prognostic and therapeutic implications. Patients with 
nodoventricular fibers were usually without serious 
symptoms, had a relatively benign course, and were 
responsive to medical management. In contrast, the 
diagnosis of arrhythmogenic right ventricular dysplasia 
may be associated with serious symptoms and sudden 


death. The severity and frequency of symptoms in pa- . 


tients with arrhythmogenic right ventricular dysplasia 
varied widely, but there was no apparent relation be- 
tween the severity of the arrhythmia and the degree of 
angiographic abnormality. The course of the process was 
also variable and no patient with a clearly progressive 
course has been identified. However, the observation 
that all of these patients have had serious associated 
symptoms or cardioversion and the sudden death of a 
14-year-old child 19 months after diagnosis indicated 
that this disorder is not benign. 


Most of our patients with arrhythmogenic right 


ventricular dysplasia have been managed medically. 
The potential for surgical therapy in medically refrac- 
tory persons with this condition was confirmed in 2 of 
our patients.”6 In 1, VT with a different morphology 
reemerged 23 months after successful cryoablation 
surgery. Thus, it is possible that a new focus of VT may 
appear after successful surgical therapy. 

Patients with coronary artery disease and biventri- 
cular cardiomyopathy had, as expected, significant 
mortality. Patients without apparent organic ‘heart 
disease had a good prognosis and rarely had serious 
- associated symptoms. 

We conclude that for the referred population of pa- 
tients with recurrent symptomatic VT, tachycardia 
originating from the right ventricle is not uncommon 
and is usually associated with organic heart disease. 
Prognosis depends on the underlying organic disease 


but serious symptoms occur often and characterization . 


of right ventricular tachycardia as benign are unjusti- 
- fied. Electrophysiologic studies and right ventricular 
cineangiography are helpful in the complete evaluation 
of these patients. 


22. Gallagher 


fee as Addendum 


Since submission of this report, 2 of our medically treated 
‘patients with arrhythmogenic RV dysplasia have had surgical 
exclusion of the entire free wall of the right ventricle, with 
good results, 
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| Electrophysiologic Studies i in Atrial Fibrillation 
Slow. Conduction of Premature Impulses: A Possible Manifestation of the 


‘Background for r Reentry . 


FRANCISCO. 'G. Cosio, MD, José PALACIOS, MD, JOSE M. VIDAL, MD, 
‘EMILIO. G: PAGINA, MD, MIGUEL A. GÓMEZ-SÁNCHEZ, MD, and LUIS TAMARGO, MD 


‘Extrastimulus-induced intraatrial conduction delays 
_ were measured in 12 patients with documented 
' episodes of atrial fibrillation (AF) by recording atrial 
: -electrograms at the high right atrium, His bundle 
. region, and coronary sinus, Seventeen patients with 
“and without heart. disease, but without atrial ar- 
rhythmias ‘served.as the control group. During 
i baseline-paced atrial rhythms, a conduction delay 


-zone could be delineated, near the atrial effective. 


refractory period, during which all extrastimull 
“produced conduction delays. When compared at the 

-- game paced cycle lengths (500 to 650 ms), the 
patients with AF had shorter atrlal effective re- 
fractory perlods (mean + standard deviation 206 + 


24.1 versus 233 + 28.2 in control patients, p <0.02), 


` wider conduction delay zones (79-+ 21.7 ms versus 
52:+ 21 In control patients, p <0.01); and longer 


- + 18.3 ms versus 35 + 21.7 In control patients, p 


l conduction. delays both to the His bundle region (64 


<0.005) and the coronary sinus (76 + 18.9 ms 
versus 35 + 16.1 In control patients, p <0.001). 
Repetitive atrial responses were recorded In.6 pa- 
tlents with AF and In 9 control subjects. Sinus nodal 
function abnormalities were detected In 6: of the 
patients with fibrillation. 

Patients with AF had a higher tendency than 
control subjects to develop slow Intraatrial con- 
duction, as well as shorter effective refractory pe- 
riods. Since both features would favor reentry, they 
may be the electrophyslologic manifestations of the 
abnormalities making these patients prone to atrial 
reentrant arrhythmias. Repetitive atrial responses 
were of no predictive value. Sinus nodal dysfunction 
was frequently found, but was not essential for the 
occurrence of AF. . 





‘The,.sustained electrical activity that: characterizes. 


_flutter-and fibrillation has been the object of continuous 
interest and research. The self-sustaining character of 


these arrhythmias has been. explained mainly through: 


reentrant mechanisms,’ 2.although.a role of abnormal 
- automaticity in its precipitation and maintenance has 
been suggested.3-5 

` Animal experiments have repeatedly confirmed the 
possibility of sustaining atrial flutter through a reen- 
trant mechanism; in all of these experiments a con- 


duction disturbance was essential i in the mechanism. In 
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some cases, conduction was disturbed by anatomic le ; 


` sions; in others by stimulation during in complete 


ann 


recovery of excitability of the myocardium.8-1° Differ- 
ences in the timing of recovery of excitability of adjacent < 


. areas were shown to cause unidirectional block, setting 


the grounds for a continuous circular movements of the 
propagated impulse. . 
AF has also been explained á as an alteration of impulse 
conduction. Further dispersion of the recovery of exci- . 
tability, creating more marked desynchronization of 
adjacent areas of myocardium, would break the acti- 


` vation fronts into multiple wavelets that could perpet- 


uate themselves as continuous irregular atrial activa- 
tion, given a large enough mass of tissue and a short 
enough refractory period.!28 The continuous and er: 
ratic spread of excitation in multiple crisscrossing 
patterris would be the basis for further dispersion of the 
recovery of excitability,. and thus prona tend to sustain: 
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FIGURE 1. Effect of early extrastimuli on intraatrial conduction. Measurements of Sj-A, and S2-Az intervals are shown. Left panel, an extrastImulus 
with a 200 ms S1-S2 Interval, over a basic paced cycle length of 500 ms, prolongs intraatrial conduction from 30 to 35 ms in the high right atrium 
(HRA) and from 125 to 165 ms In the coronary sinus electrogram (CS). The atrial deflection of the His bundle electrogram (HBE) becomes slurred 
and of low amplitude, and no rellable measurement can be made of the S2-Az Interval here. ST = stimulator output. Right panel, the basic cycle 
length is 550 ms. An extrastimulus with an S,-S2 interval of 240 ms increases Conduction time to the HIS and the CS, and the HRA Az shows a “double” 


deflection. All values in milliseconds. 


the arrhythmia. On the other hand, a prolongation of 
the refractory period tended to terminate the arrhyth- 
mia, through a progressive synchronization of the ac- 
tivation of adjacent areas of muscle. 1-28-10 

The onset of clinical human flutter and fibrillation 
may also be related to slow conduction of impulses 
through partly recovered myocardium. Rapid stimu- 
lation of the myocardium, or rapid repetitive firing at 
a point of stimulation, may induce enough conduction 
delay and dispersion of the recovery of excitability to 
precipitate sustained flutter or fibrillation.1112 

The role of normal pacemaker function in the in- 
duction and maintenance of AF is probably complex. 
AF is common in the sick sinus syndrome,!3-4 and 
pathologic examination of the sinus node in patients 
with AF shows a high incidence of abnormalities.1516 
It has been postulated that bradycardia may induce an 
increase in the dispersion of excitability recovery and 
thus facilitate reentrant arrhythmias,!®-1" and that AF 
may be a manifestation of sinus nodal dysfunction. On 
the other hand, it has been shown that experimental AF 
is easier to sustain if normal pacemaker function con- 
tinues.!8 

The application of clinical electrophysiologic tech- 
niques to the study of atrial flutter and fibrillation has 
not clearly defined the features that may characterize 
a propensity to develop these arrhythmias sponta- 
neously. AF can be produced in normal! subjects by 
atrial stimulation, but usually as a short-lived nonsus- 
tained episode.!9 Repetitive atrial responses may also 


be induced by atrial extrastimuli; their appearance has 
been considered an expression of “atrial vulnerability,” 
and even a sign of a predisposition to atrial flutter or 
fibrillation.29! However other clinical and experi- 
mental evidence supports the concept that repetitive 
atrial responses are a nonspecific phenomenon.®:9:22:23 

The atrial effective refractory period has been mea- 
sured by several investigators in patients with atrial 
flutter or fibrillation; while some describe a tendency 
to short values, others have found no significant de- 
viations.!224.25 The degree of dispersion of the recovery 
of excitability has been explored by measuring atrial 
effective refractory periods in different points of the 
right atrium? and in both atria, but no significant 
results have been obtained in atrial flutter or fibrilla- 
tion. The work of Simpson et al?6 (published only in 
abstract form) suggests that slow conduction of pre- 
mature impulses in patients with prolonged P-wave 
duration may be related to the pathogenesis of AF; 
es a direct relation was not shown in their re- 
sults. 

With this background in mind, our study was pro- 
spectively designed to analyze the electrophysiologic 
properties of the atrium and sinus node in patients with 
documented episodes of AF. Specifically, we addressed, 
the following questions: (1) What are the features of 
intraatrial conduction during premature stimulation? 
(2) What is the duration of the atrial refractory period? 
(3) What is the significance of repetitive responses? (4) 
What is the role of sinus nodal dysfunction? 
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Methods 


Patient population: The study group consisted of 12 pa- 

tients with AF. The arrhythmias were paroxysmal in all but 
Patient 4, who was studied after cardioversion of fibrillation 
that was sustained for several months. Ages ranged from 25 
to 72 years (mean + standard deviation 55.5 + 12.7). Associ- 
ated arrhythmias included sinus bradycardia or sinus arrest 
in 3 and reentrant tachycardias related to the Wolff-Parkin- 
son-White syndrome in 2. Associated cardiovascular diseases 
were hypertension (2 patients), coronary artery disease with 
angina (1 patient), hypertrophic obstructive cardiomyopathy 
(1 patient), and chronic obstructive pulmonary disease (1 
patient). Two (Patients 6 and 8) had mild elevations of thyroid 
hormone levels in the serum. 
- The control group consisted of 17 patients with and without 
organic heart disease or associated arrhythmias, but without 
a history of atrial flutter or fibrillation. Their ages ranged from 
19 to 73 years (mean 49 + 18). Associated rhythm abnor- 
malities were sinus bradycardia in 6, manifest or concealed 
Wolff-Parkinson-White syndrome with reentrant atrioven- 
tricular tachycardia in 2, ventricular tachycardia in 3, and 
reentrant nodal tachycardia in 1. One patient had hypertro- 
phic cardiomyopathy, 3 had coronary artery disease, and 1 had 
an atrial septal defect. Only 2 of the control patients were 
normal subjects. 

Electrophysiologic studies: Informed consent was ob- 
tained from the patients for the performance of the studies. 
All cardioactive medications were discontinued at least 3 days 
before the procedure. The patients were fasting and lightly 
sedated with oral diazepam. Under local anesthesia, quadri- 
polar catheter-electrodes with a 1-cm interelectrode distance 
were advanced to the right atrial appendage from the femoral 
vein, and to the middle or distal coronary sinus from the arm. 
Stimulation of the right atrium was performed through the 
distal pair of electrodes in the right atrial catheter. Bipolar 
recordings were obtained from the high right atrium through 
the proximal pair of electrodes of the same catheter, and from 
the left atrium through the distal pair of the coronary sinus 
catheter. A His bundle electrogram was recorded with the 2 
distal electrodes of a tripolar catheter-electrode, or with a 
bipolar catheter electrode; in either case interelectrode dis- 
tance was 1 cm. Stimulation was performed with square im- 
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pulses 2 ms in duration, and intensity twice threshold, deliv- 
ered by a programmable stimulator (Medtronic 5325). 

The intracardiac signals were filtered to record frequencies 
of 40 to 600 Hz. Recordings were made on a photographic 
(DR-12, Electronics for Medicine) or ink-jet (Elema) recorder, 
at a speed of 100 mm/s with simultaneous inscription of leads 
X, Y, and Z of the orthogonal Frank system. 

Measurements and terms: The P wave was measured 
from the simultaneous, high gain X, Y, and Z leads recorded 
at 100 mm/s. Intervals to and from the intracardiac potentials 
were taken at their onset, marked by the first sharp deflection 
taking off from the baseline. This was usually easy to recognize 
in the coronary sinus and high right atrial electrograms; 
however, after the application of early extrastimuli the atrial 
deflection of the His bundle electrogram was occasionally so 
slurred as to make it difficult to recognize its onset, and in 
these cases the measurement was omitted (Fig. 1, left panel). 
When premature stimulation resulted in a split or double 
atrial deflection, measurements were taken to the onset of the 
first part of the deflection (Fig. 1, right panel). The difficulty 
in locating the intrinsecoid deflection after some extrastimuli 
was the main reason to use the onset of the electrograms for 
timing, even though this may have underestimated intraatrial 
conduction time by recording some distant electrical ac- 
tivity. 

A; and S; refer to the atrial deflection and the driving 
stimulus of the basic rhythm. Sz and Ag refer to the extra- 
stimulus and the atrial deflection resulting from it, when the 
basic rhythm is paced. S refers to an extrastimulus delivered 
ona spontaneous atrial rhythm. The atrial effective refractory 


-period is the longest A,-S or S;+S¢ interval not resulting in 


capture by S or So. Atrial conduction delay was the increase 
in S-Ag or Se-Ay observed with early premature beats, when 
compared with late premature beats. Conduction delay zone 
was the range of extrastimuli producing atrial conduction 
delay in any of the sites explored. Atrial repetitive responses 
were defined as the appearance of 2 or more atrial complexes 
at intervals shorter than 300 ms in all atrial electrograms, in 
response to 1 extrastimulus. 

Sinus nodal recovery time was measured after atrial pacing 
during 1 minute at cycle lengths of 600, 460, and 375 ms, the 
longest value being reported. A corrected recovery time longer 
than 525 ms was considered abnormal.” Secondary pauses 


S-A} CS (ms) 





FIGURE 2. Graphic representation of P-wave 


p>0.4 duration and basal conduction time of the atrial. 
stimuli (84-A) to the His bundle electrogram (HBE) 
and the coronary sinus (CS) electrogram. The 
vertical bare represent mean + 1 standard de- 
` C AF viatién. AF = patlents with atrial fibrillation; C = 
{113 $24.1) (117223.8) control group. Values in milliseconds. 
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were defined as those occurring after the second beat after 
recovery, and having a duration at least 40% longer than the 
basic cycle length.” Sinoatrial conduction time was estimated 
by Strauss’s method, and a noncorrected value of 260 ms or 
longer was considered abnormal.”9 

The results are expressed as the mean + 1 standard devia- 
tion. The statistical significance of the differences was ana- 
lyzed by Student’s t test for unpaired values. 


Results 


The electrophysiologic findings are summarized in: 


Table I. 

Intraatrial conduction: P-wave duration was sig- 
nificantly longer in the study group (113 + 8 ms) than 
in control subjects (102 + 12.1, p <0.02), but the 2 
groups overlapped to a large extent (Fig. 2). Intraatrial 
conduction of nonpremature stimuli (S,-A, interval) to 
the His bundle region and to the coronary sinus was not 
different in either group (Fig. 2). This interval was the 
same as that for the extrastimuli (S-A» or S2-A9) during 
most of the cardiac cycle. However, S-Ag and S2-A9 
prolongation tended to occur when the atrial effective 
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refractory period was approached (Fig. 3), defining a 
conduction delay zone. In 2 patients of the study group 
(Patients 6 and 8), shortening of the S-A» or S2-Ae oc- 
curred in some recording sites, even though other sites 
might have shown a conduction delay for the same ex- 
trastimulus (Fig. 3 and 4). 

During sinus rhythm, the conduction delay zone was 
almost always very short or undectable, and the atrial 
conduction delays were minimal to all recording sites 
(Fig. 3, 5). However, during atrial paced rhythms, both 
atrial conduction delays and conduction delay zones 
increased markedly and could be easily measured (Fig. 
3). Minimal changes in rate by atrial pacing caused 
marked increases in atrial conduction delays and con- 
duction delay zone duration, while further rate increases 
produced generally fewer changes, and in variable di- 
rections (Fig. 5). The degree of atrial conduction delay 
to the various recording sites was quite different (Fig. 
3, Table I). l 

For the comparison between both groups we used 
only the results obtained at paced cycle lengths of 500 
to 650 ms. The patients with AF had wider conduction 
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FIGURE 4. Precipitation of AF with 1 extrastimulus In Patient 7 of the study group. Ss produces a conduction delay to the coronary sinus (CS) and 
slight shortening of conduction time to the high right atrium (HRA). S2-A2 Is not measurable to the His bundie electrogram (HBE). Multiple atrial responses 
follow, with Irregular Intervals of <300 ms. The arrhythmia was sustained and was terminated by direct-current cardioversion 20 minutes later. 


Values in milliseconds. 


delay zones (79 + 21.7 ms versus 52 + 21 in control pa- 
tients, p <0.01) (Fig. 6), and longer maximal conduction 
delays, both to the His bundle electrogram (64 + 18.3 
ms versus 35 + 21.7 in control patients, p <0.005) and 
to the coronary sinus (76 + 18.9 ms versus 35 + 16.1 in 
control patients, p <0.001) (Fig. 7). The correlation of 
P-wave duration with the maximal atrial conduction 
delay observed was weak (r = 0.3). 

Atrial effective refractory period: At the same 
paced cycle lengths of 500 to 650 ms, the atrial effective 
refractory period was shorter in the patients with AF 
(206 + 24.1 ms than in the control subjects (233 + 28.2 
ms, p <0.02) (Fig. 6). The difference was still significant 
when the comparison was made at cycle lengths of 500 
to 600 ms (both spontaneous and paced): study group, 
209 + 20.9 ms, versus control group, 238 + 26.7 (p 
<0.02). 

Repetitive atrial responses: Repetitive responses 
were observed mainly during the conduction delay zone, 
at paced cycle lengths of 800 to 400 ms. Only 1 patient 
(Patient 8, study group) developed repetitive responses 
on a basic sinus rhythm, during a “‘superconduction” 
zone, in which the S-Ag interval decreased to a variable 
extent in all 3 electrograms. In the study group, 6 of 10 
patients studied at paced basic cycle lengths of 500 to 
650 ms developed repetitive responses. This incidence 
was similar to that in the control group at the same cycle 
lengths (8 of 14 patients). 

Repetitive responses led to AF in 2 patients (Patients 
8 and 11 of the study group). The stimulus leading to AF 
in Patient 8 showed shortened conduction time to the 
high right atrium, and prolonged conduction time to the 
His bundle and coronary sinus electrograms (Fig. 4). 

Sinus nodal function in patients with AF: Cor- 
rected sinus nodal recovery time was prolonged over 525 
ms in 3 patients, and another patient had secondary 


sinus pauses. Sinoatrial conduction time was longer 
than 260 ms in 4 patients, A total of 6 patients (50%) had 
abnormal sinus nodal function by these parameters. The 
dysfunction was clinically significant in 2 patients with 
bradycardia-related syncope or near-syncope (Patients 
10 and 12) and in Patient 11, who developed sinus arrest 
after cardioversion. 


Discussion 


The study of intraatrial conduction of premature 
stimuli in this group of patients with AF showed a 
marked tendency to slow propagation, both in terms of 
an increase in conduction delay in several directions, 
and of a wider time zone during which the early pre- 
mature impulses were slowly conducted. The overlap 
with the control group might have been reduced if these 
later patients had been normal; however, variation in 
electrophysiologic features might be expected in pa- 
tients with a history of AF, given the importance of 
functional neurologic factors?! as well as the various 
underlying anatomic substrates.18 

The correlation of basal intraatrial conduction, as 
expressed by P-wave duration, with extrastimulus- 
induced conduction delays was weak. The slow con- 
duction of early extrastimuli may be a manifestation of 
conduction during partial recovery of myocardial ex- 
citability,°? and the increased conduction delays of our 
patients with fibrillation could be a manifestation of 
abnormal cellular electrophysiology, as it may be found 
in diseased atrial muscle.®8 On the other hand, increased. 
P-wave duration may be a reflection of atrial enlarge- 
ment or disruption of the internodal and interatrial 
tracts,34.55 or both. 

Conduction of nonpremature stimuli did not differ 
in our patients with AF and the control subjects. Since 
these stimuli were applied at the right atrial appendage, 
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A AF sinus rhythm 
@ C sinus rhythm 

A AF atrial pacing 
O C atrial pacing 


FIGURE 5. Graphic representation of the changes in 
maximal atrial conduction delay measured to any atrial 
site (maximal S2-A2 delay) produced by changes In cycle 
length by atrial pacing. Only the patients studied at least 
1 cycle length close to the sinus cycle length are repre- 
sented. The solid Imes link the findings for the same 
patient at various cycle lengths. AF = atrial filbrillation 
group; C = control group. Values in milliseconds. CYCLE LENGTH ims) 
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in the atrial fibrillation (AF) and contro! (C) groups. 
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between 500 and 650 ms are shown. The vertical 
bars represent the mean + 1 standard devia- 
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TABLE! Summary of the Electrophyslologic Findings 
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Study Group (Patients With Atrial Fibrillation) 








1 120 340 290 860 300 0 25 0 75 0 135 0 

















800 250 80 15 65 45 a — 
600 > 240 80 15 55 45 a a 
2 110 250 180 800 190 50 10 0 40 20 90 40 = - 
550 170 100 20 70 95 + 
400 160 100 20 70 90 - + E 
3 110 580 370 900 330 10 36 5 75 10 120 0 = = 
4 110 500 180 750 250 40 30 10 55 10 90 10 = = 
5 105 230 215 680 200 20 25 0 40 10 105 10 = = 
580 200 80 15* 40 85 + = 
500 190 70 25 80 80 + = 
6 100 195 140 570 180 60 10 30 30 65 100 40 = - 
540 170 100 35 60 90 = 5 
400 150 110 . 45 105 105 SS 
7 120 340 330 720 210 0 30 20° 90 —50 130 —20 + = 
650 210 250 10 70 60 + + 
8 110 440 126 850 240 10 20 20 50 20 110 15 a - 
800 230 70 20 70 75 + = 
600 200 60 20 70 76 + = 
9 110 400 180 860 250 0 20 0 40 0 100 0 ~ = 
750 240 60 15 40 70 a = 
600 220 60 10 40 80 a = 
10 110 550 210 1,050 300 10 15 25 70 20 ss p m = 
750 240 60 15 40 70 a = 
600 220 60 10 40 8 — ee 
11 120 <7,000 = 800 <210 s 3— z5 90 240 150 210 + + 
12 130 SP 300 950 310 30 20 20 60 20 160 20 ka = 
600 210 110 30 100 100 + = 

Control Group 
1 115 120 220 800 270 10 25 10 55 0 410 0 5 = 
i 540 210 30 10 = 30 = = 
2 116 500 330 850 270 40 20 25 100 40 aa = ns = 
600 230 90 30 70 = + = 
3 110 600 260 1,000 300 10 20 5 80 0 130 0 5 - 
600 240 50 10 - 20 _ = 
4 110 180 120 690 220 20 20 10 50 20 80 = -= — 
500 190 80 10 50 = + - 
5 100 580 180 920 280 20 20 10 70 15 140 10 KA - 
600 240 40 10 15 25 + - 
6 80 190 140 540 200 0 20 0 35 0 90 0 = = 
400 180 50 20 55 50 _ = 
7 100 360 160 900 320 20 15 5 80 5 115 15 = = 
880 300 40 5 20 25 e = 
600 260 40 15 30 35 + = 
8 90 540 150 1,100 340 0 10 0 70 0 150 0 ~ - 
980 330 50 20 30 30 + a 
600 270 70 20 30 30 ~ = 
9 100 340 200 750 250 20 20 15 50 10 115 10 = = 
700 240 20 15 20 10 ~~ - 
600 230 40 20 30 15 ca = 
10 90 = _ 650 270 50 25 25 80 40 ~ = Gad - 
11 125 520 200 880 370 30 30 10 55 0 a = ~ - 
600 280 40 20 0 Ca - _ - 
12 115 320 260 870 220 70 15 0 50 25 65 30 _ - 
600 210 80 40 50 ; 60 _ - 
13 90 300 E 800 220 80 20 20 60 60 100 55 + = 
14 90 400 _ 620 260 20 25 15 80 0 146 0 ~ = 
800 220 40 45 60 ` 45 + = 
15 110 440 170 850 ` 340 0 25 0 75 0 105 0 = z 
600 260 20 0 0 25 ~ oe 
16 95 165 140 750 250 0 30 0 60 0 115 0 = = 
600 200 40 5 40 20 + = 
17 100 180 150 680 230 10 30 5 60 0 115 10 = = 
; 580 200 40 10 20 60 + = 








AERP = atrial effective refractory period; AF = appearance of atrial fibrillation after 1 extrastimulus; CD = extrastimulus-induced atrial conduction 
delay; CDZ = conduction delay zone; CS = coronary sinus electrogram; HIS = His bundle electrogram; HRA = high right atrial electrogram; RR 
= atrlal repetitive responses; SACT = sinoatrial conduction time (not corrected); SNRT = corrected sinus nodal recovery time; SP = secondary 
sinus pauses. 

* Patients with supernormal conduction (see text for explanation). 

Cycle lengths in boldface type represent sinus rhythm. <, >, = Indicate that the exact value could not be determined because of the appearance 
of atrial fibrillation. In the case of SNRT, It Indicates that the pause was interrupted by pacing. 
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they were probably not conducted through the prefer- 


ential atrial pathways; this may explain the apparent 
discrepancy with the prolongation of intraatrial con- 
duction. time found by others during sinus 
rhythm. 1224 

The remarkable enhancement of atrial conduction 
delays by paced cycle lengths, without apparent close 
relation to rate, is an interesting phenomenon. Since 
both the stimuli pacing the basic rhythm and the ex- 
trastimulus were applied at the same point, the former 
(S1) may have influenced the spread of the latter (S2) 
by altering local activation sequences, perhaps pro- 
moting slow activation fronts,?? that may increase local 
dispersion of recovery, and favor slow circuitous spread 
of S2.%+910 Studies of atrial conduction with extra- 
stimuli applied to areas other than the one used to pace 
the basic rhythm may help clarify this point in the fu- 
ture. 

Without intracellular recordings at the site of stim- 

` ulation, it is difficult to rule out that the S2-A2 delays 

are caused by latency resulting from local tissue polar- 
ization by stimuli applied during the “absolute” re- 
fractory period.*® However, several observations in our 
patients make this explanation very unlikely: (1) La- 
tency would tend to produce equal delays to all sites, 
unless a change in excitation spread patterns also re- 
sulted. (2) Since latency depends mostly on stimulus 
intensity and duration,®® similar delays should have 
been present in sinus and paced rhythms. (3) In case the 
Se-Ag delays were due to latency, the difference in the 
S-Ag interval (during sinus rhythm) and the S2-Ag in- 
terval (during paced rhythm) at similar rates should be 
accompanied by a similar shortening of the effective 
atrial refractory period.3 The pattern of S-Ao delay in 
our patients did not fulfill any of these conditions. 

The patients with AF also had a shorter atrial effec- 
tive refractory period, and this should also favor reen- 
try.? Similar findings were reported by Luck”? in pa- 
tients with atrial fibrillation and the sick sinus syn- 
drome, but could not be confirmed by Bauernfeind” in 
patients with the Wolff-Parkinson-White syndrome. 
It is possible that different selected groups of patients 
may show variations in the electrophysiologic mecha- 
nisms underlying AF. 
` The incidence of repetitive atrial responses was 
similar in our patients with atrial flutter or fibrillation 
and the control subjects, indicating that this response 
is not a reliable index of a tendency to develop atrial 
arrhythmias spontaneously. Repetitive atrial responses 


have been used by some as an index of atrial vulnera- - 


‘bility, this term often being used to imply a tendency 
towards atrial arrhythmias.297! Our results coincide 
with other observations??? in that atrial repetitive 
responses are a nonspecific finding. Animal studies show 
that the mechanism of these responses is local reentry 
around the point of stimulation, different in pattern 
` from flutter or fibrillation.circuits.2-! Notwithstanding, 
repetitive responses may create conditions favorable for 
the development of flutter or fibrillation®!°; this was 
the case in our experience and that of others.1!12 We 
believe that the term atrial vulnerability should be used 


with caution in reference to the appearance of repetitive 
atrial responses. It is possible that the appearance of 
sustained flutter or fibrillation with a single estra- 
stimulus may be a more specific sign of a tendency to 
spontaneously develop these arrhythmias!?; however, 
no satisfactory conclusion appears possible with the 
information presently available. 

The observations on supernormal conduction in 2 of 
the patients with AF merit some comment. Although 
supernormal intraatrial conduction may be a common 
phenomenon during premature ‘stimulation,®’ it is 
conceivable that a combination of depressed conduction 
in some directions with enhanced conduction in others 
(as observed in some of our cases) may increase dis- 
persion of the recovery of excitability, and facilitate 
arrhythmias of reentrant origin. A larger number of 
observations should be necessary to understand the role 
of supernormal conduction in atrial arrhythmogen- 
esis. 

The prevalence of clinically apparent or subclinical 
sinus nodal dysfunction was high in the patients with 
AF, but 50% of the patients had normal sinus function 
tests; sinus nodal dysfunction did not appear to be a 
necessary association for the development of fibrillation 
in the atria. The incidence of sinus nodal dysfunction 
in patients with AF will be markedly influenced by the 
patient selection protocol, and may be quite different 
among different series. 

Some limitations of this study should be considered. 
Both the study and control groups included patients 
with a variety of clinical and electrophysiologic abnor- 
malities, and this may have influenced the results in 
unpredictable ways. For this reason our results should 
be considered suggestive, and further studies in more 
homogeneous groups of patients appear necessary to 
better test their significance. Notwithstanding, certain 
observations were quite remarkable for such apparently 
mixed groups. For instance, the little superposition 
observed in the extrastimulus-induced conduction de- 
lays rarely reached 60 ms in the control group, while in 
most patients in the study group it surpassed that 
figure. 

The rates at which our patients were tested were not 
completely uniform, due to the partly retrospective 
nature of the study. There was, however, no significant 
difference between the mean test cycle lengths in the 
AF cases (591 + 32.2 ms) and in the control subjects (592 
+ 32 ms; difference not significant). We preferred to 
include a larger number of observations, because our 
results suggested that it was mainly the fact that the 
basic cycle was paced, and not so much the pacing rate, 
which affected intraatrial conduction of the extras- 
timuli. 

Not enough emphasis has been placed on the study 
of intraatrial conduction under premature stimulation 
in clinical electrophysiologic studies. Our observations 
suggest that intraatrial conduction of extrastimuli may’ 
be an important index of abnormal atrial electrophys- 
iology, and a better knowledge of its changes in disease 
states may help us understand the pathogenesis of 
certain atrial arrhythmias. 
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Problems in Health Data Analysis: 
The Maryland Permanent Pacemaker Experience 


In 1979 and 1980 


LEONARD SCHERLIS, MD and DONALD H. DEMBO, MD 


In a recent report the Maryland statewide health 
data base, which Is derived from “face sheet” data, 
was used to determine the appropriateness of per- 
manent pacemaker insertion. In the present study 
the same Indications were utilized and both the 
complete medical records and the face sheet were 
reviewed for those patients who had been classified 
as having permanent pacemakers inserted for in- 
appropriate or questionable reasons. In 32 hospitals, 
75% of the records were reviewed (610 of 817 
patients). Although coded as having received per- 
manent pacemakers, 16% had received temporary 


In Maryland, the availability of a computerized state- 
wide health data system has afforded an opportunity 
for the analysis of many items present on the “face 
sheet” of the medical record. These include entries 
which by law are reported to the Maryland Health 
Services Cost Review Commission including day of 
admission, day of discharge, length of stay, discharge 
status, demographic data, date of birth, age, sex, coding 
of all diagnoses, coding of all procedures, and financial 
classification. In addition, the statewide data include 
financial information derived from billing data. Specific 
items excluded from the report to the statewide data 
system are the name of the patient and the name of the 
physician. The individual hospitals assign code numbers 
to both the patients and the physicians, and these data 
are only available to the hospital originating the infor- 
mation. The availability of such data provides excellent 
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pacemakers, battery change, and the like. Diag- 
noses justifying permanent pacemaker insertion had 
been omitted in 53 % of the face sheets, and coding 
errors were found In 39 %. Although none of the 610 
medical records reviewed had a valid indication for 
permanent pacemaker insertion listed on the face 
sheet, complete medical record review demon- 
strated valid indications in 95%. Inherent difficultles 
arise In attempting to list rigid indications for per- 
manent pacemaker Insertlon. The face sheet does 
not provide adequate data for assessing the ap- 
propriateness of permanent pacemaker Insertion. 


possibilities for the affalysis and correlation of many 
important factors relating to health care delivery, in- 
cluding cost, quality measures, mortality, procedures, 
and hospital funding. 

In a recent Health Research report,! face sheet data 
were utilized to determine whether permanent pace- 
makers had been inserted for appropriate reasons in 
Maryland during 1979 and 1980. After reviewing data 
from 2,222 permanent pacemaker insertions, it was 
concluded that 23% were unnecessary and an additional 
13% were questionable. In the present study, both the 
complete medical records and the face sheet informa- 
tion were reviewed. The same indications for permanent 
pacemaker insertions were utilized in both studies in an 
effort to determine the validity of using only face sheet 
data for the determination of appropriateness of pro- 
cedures. Additional consideration was given to the 
general problem of trying to establish guidelines for 
pacemaker insertion. 


Methods 


With the cooperation of the Baltimore City Professional 
Standards Review Organization, the Maryland statewide data 
base for 1979 and 1980 was utilized to obtain the listing of all 
diagnoses for patients who had received permanent pace- 
makers during that time. The following procedure codes . 
(ICD-9-CM)2 were used: 

! ® 


132, PROBLEMS IN HEALTH DATA ANALYSIS 


TABLE! Diagnoses Justifying Implantation of Permanent 
Pacemakers Judged Appropriate by the Health 
Research Group, and the ICD-9-CM Codes 





426.0 Atrioventricular block, complete 
Third degree atrioventricular block 
426.12 Mobltz (type) ll atrloventricular block 
Incomplete atrioventricular block: 
Mobitz (type) Il 
Second degree, Mobitz (type) Il 
426.54 Trifascicular block 
426.6 Other heart block 


Intraventricular block: Sinoatrlal block 
Not otherwise specified: SInoauricular block 
Diffuse 
Myofibrillar 


426.9 Conduction disorder, unspecified 


Heart block, not otherwise Stokes-Adams 
specified syndrome 
427.81 Sinoatrial node dysfunction 
Sinus bradycardia: Syndrome: 
Persistent Sick sinus 
Severe tachycardia- 
bradycardia 


780.2 Snycope and collapse 
Blackout 
Fainting 


Vasovagal attack 





37.73 Insertion of permanent pacemaker into atrium, 

transvenous route 

37.74 Insertion of permanent pacemaker into ventricle, 

transvenous route 

37.75 Insertion of permanent cardiac pacemaker into 

unspecified site, transvenous route 

37.76 Insertion of permanent pacemaker into epicar- 

dium 

Implantation of electrode into myocardium by: 
sternotomy 
thoracotomy 

37.77 Insertion of permanent cardiac pacemaker, un- 

specified approach 

Implantation of permanent cardiac pacemaker, 
not otherwise specified 

These procedures exclude the insertion of temporary 
pacemakers; replacement of battery, electrode, or pulse gen- 
erators; mechanical complications; fitting and adjustment of 
cardiac pacemakers; and other codes relating to pacemakers. 
In addition, the diagnoses for patients identified by procedure 
code 37.70 (insertion of cardiac pacemaker not otherwise 
specified) were reviewed but not included in this report. 

To compare this study with the Health Research report, 
which had been based only on face sheet information, we used 
the same indications as they did for permanent pacemaker 
insertions. These are listed as justifying implantation of a 
permanent pacemaker (“appropriate”) (Table I), or as having 
“, .. proper indications under appropriate circumstances but 
which, by themselves, cannot be used as justifications for 
pacing” (“questionable”) (Table ID. 

The participating Maryland hospitals were contacted and 
an explanatory letter sent to the head of cardiology. In addi- 
tion, a release form was included and was to be signed by the 
Chief Executive Officer or his representative in each hospital. 
This form was addressed to the Information Service Center 
of the Staff of the Maryland Health Services Cost Review 
Commission, and authorized the release to the Quality As- 
surance Chairman of the requesting hospital the chart num- 
bers of patients who had had permanent pacemakers im- 
planted. The participating hospitals were then provided with 
a detailed computer printout for each of their patients whose 

¿record had been coded in the statewide data base as having 


TABLE It Diagnoses Which Are Questionable and May 
Justify Implantation of a Permanent Pacemaker 
Under Appropriate Circumstances, as Based on 
the Health Research Group Report 


426.3 Other left bundle branch block 
Left bundle branch block: 
Not otherwise specified 
Anterior fascicular with posterior fascicular 
Complete ` 
Main stem 
426.50 Bundle branch block, unspecified 
426.51 Right bundle branch block and left posterior 
fascicular block 
426.52 Right bundle branch block and left anterlor 
fascicular block 
426.53 Other bilateral bundle branch block 
Bifascicular block not otherwise specified 
Bilateral bundle branch block not otherwise specifled 
Right bundle branch block with left bundle 
branch block (Incomplete) (main stem) 





426.89 
Dissociation: 
Atrioventricular 
Interference 
fsorhythmic 
Nonparoxysmal atrioventricular nodal tachycardia 
427.1 Paroxysmal ventricular tachycardia 
Ventricular tachycardia (paroxysmal) 
427.9 Cardiac dysrhythmla, unspecified 
Arrhythmia (cardiac) not otherwise specified 
746.86 Congenital heart block 
Complete or Incomplete atrioventricular block 





received a permanent pacemaker, and for patients who had 
been coded as not having a diagnosis which justified the im- 
plantation of a permanent pacemaker—that is, both the un- 
necessary and questionable groups. These printouts are con- 
fidential data as they identify the patient by a medical record 
number. . 

In each hospital this printout was sent to the Quality As- 
surance Chairman and reviews of the medical record were 
undertaken, usually by members of the Quality Assurance 
committees. In several instances, members of the Utilization 
Review committees, teams of cardiologists, or heads of the 


TABLE il Summary of the Charting Problems 
Encountered In the Detailed Review of 610 
Medical Records 








n % 
A. Dlagnosis Errors on Face Sheet 
1. Omission in recording diagnosis 323 §3.0 
or diagnosis 
2. Vague diagnosis subject to 123 - 20.2 
misinterpretation by coder 
3. Other 31 5.1 
B. Operation (Pacemaker Insertlon) 
1. Omission in recording operation 34 5.6 
2. Vague description of operation 14 2.3 
3. Other 2 0.3 
C. Coding Errors 
1. Misinterpretation errors 
a. Vague or unclear diagnosis 80 9.8 
operation miscoded by coder 
b. Diagnosls/operation affected 4 0.7 
by other dlagnosis and 
miscoded 
2. Wrong diagnosis coded 68 11.1, 
3. Wrong procedure coded 81 13,3 
4. Other coding error 23 3.8 
D. Other Errors 31 5.4 
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departments of medicine in their respective hospitals per- ` 


formed the reviews. A standard form was developed: and 
provided for the detailed analysis of each medical record. 


Instructions were given for the diagnoses and codes to be ` 
copied from the-face sheet, as were the procedures and their a 


codes. The medical record review was then performed and 
additional diagnoses or procedures relating to pacemakers 


were listed. It was requested that the sources for these.data, | 


be listed: consultation notes, operative notes, progress notes, 


electrocardiograms, and so on. In addition, the reviewer was - 


asked (1) to indicate whether a permanent pacemaker was 
inserted; (2) to indicate whether a temporary pacemaker was. 
inserted; (3) to indicate whether the pacemaker insertion was 


‘considered justified; and (4) to categorize any errors in, 


charting utilizing a standard: code for error types. A space for 
additional comments was provided. 

The hospitals returned the completed forms and these were 
reviewed in detail. All codes for both diagnoses and procedures 
were verified, and all comments, information, and judgments 
on justification and classification of coding errors were re- 
viewed. These were tabulated and provide the basis for this 
report 


Results 


. The total number of permanent pacemakers im- 
planted was found to be 2,182 for 1979 and 1980 in the 


present study, compared with the total of 2,222 in the . 


Health Research report, a difference of <2%, employing 
the same indications. The number of pacemaker in- 
sertions in the unnecessary or questionable groups was 
801 patients in our study, compared with 817 in the 
Health Research report, a difference of 2%..A total of 
610 patient medical records (75% of the total of 817) 
have been reviewed in 32 of the 52 hospitals in Mary- 
land, and these comprise- the data for the present 
analysis. In 8 hospitals, there were either no insertions 
of new. pacemakers or no record of any patient receiving 
a permanent pacemaker without having appropriate 
indications. Of the remaining 12 hospitals, 4 had only 


1 to 3 inappropriate permanent pacemakers in 1979-and ` 


1980 according to face sheet data. The remaining hos- 
pitals have not yet responded. In some hospitals in- 
cluded in this study, some charts were not available at 
.the time of medical record review. 


The Health Research report stated that-all 801 pa- 


tients included in their study had received permanent, 
pacemakers. This statement was based on face sheet 


data recorded in the statewide data system. Detailed’ 


medical record analysis, however, showed that only 514 
(84%) had actually had permanent pacemakers inserted. 
Thirteen (2%) of the patients previously classified as 
having had permanent pacemakers inserted had re- 
ceived replacement of battery units; 59 patients (10%) 
had received temporary pacemakers; and 24 patients 


(4%) were admitted with a history of a pacemaker ' 


having been inserted in the past but were not admitted 
for new pacemaker implants. 

Recording probléms were reviewed in detail, and 393 
(53%) of the medical records reviewed revealed a sig- 


nificant omission on the face sheet in the recording of ` 


the appropriate diagnosis justifying the insertion of the 
pacemaker (Table I). Detailed medical record review 
in these patients demonstrated an appropriate diagnosis 


utilizing the same criteria as in the Health Research - 


report (Table D. In 123 patient records (20%), the di- 


- - agnosis listed on the face sheet was so vague that it was 
_ subject to misinterpretation by the coder, In 60 (10%) 


of the medical records, the diagnosis or operation was 
vague or ‘unclear and was misinterpreted by the coder. 
Diagnoses were miscoded in the face sheets in 68 pa- 
tients (11%) and procedures were miscoded in 81 pa- 


tients (18%). Other coding or recording errors occurred 


139 times (23%). Five examples are provided in Tables 
IV to VII, which present diagnoses and procedures with 


TABLE IV. Example A 





I. Diagnosis -race Sheet 
. Lymphoma—histocytic 200.08 
426.10* 
i. Proceduro Fuse Sheet : 


1. Exclston mass, left neck & right inguinal area 86.3 
2. Temporary transvenous pacemaker 37.75* 
` 3. Permanent pacemaker i 37.72 
4, Temporary transvenous pacemaker removed 37.86 


lil. Chart Review ` 


1. Complete atrioventricular block 426.0 
* The only diagnosis listed on the face sheet was lymphoma. The 





- coder assigned a code to the diagnosis and on review also assigned 


code 426.10. In ICD-9-CM, thls code Is atrioventricular block, unspe- 
cified. This dlagnosis does not justify the implantation of a permanent 
cemaker. However, complete atrioventricular block, 426.0, Is a 
ustiflable diagnosis. In addition, 37.75 Is the code for a permanent 
pacemaker. ` i 


TABLE V ExampleB ` 
1. Diagnosis-—Face Sheet 








1.. Cardiac arrhythmla, treated 427.9" 
` 2. Severe degenerative arthritls 718.96 
3. Osteoarthritis, right knee 736.41 


4. Genu valgus deformity 733.00 
. 5. Generallzed osteoporosis $ ; 997.4 
ll. Procedures—-Face Sheet ; “5 


1.. Temporary pacemaker 37.74" 

2.' Permanent pacemaker f 37.72 
lll. Chart Review 

1. Sick sinus syndrome 427.81 


* The coder assigned 427.9 to cardiac arrhythmla. In ICD-S-CM, this 
code is for cardiac ‘dysrhthmla, unspecified. The specific diagnosis on 
chart review was sick sinus syndrome, 427.81, a justifiable diagnosis 
for permanent pacemaker insertion. In addition, 37. 74i is the code for 
a permanent pacemaker. : 


TABLE VI: Example C 
1. Dlagnosis—-Face Sheet 


1. Acute transmural myocardial infarction with 410.0 
pericarditis 
. 2. Cardiac fallure secondary to 420.90 
ventricular tachycardia and ventricular 
fibrillation : ore 
3. Sacondary to digitalis (?) `- 428.0 
4. = 427.41 
Be & i ; = 427.1 
6. ' 427.89 
ll. Procedures—-Face Sheet 
` 1. Temporary pacemaker 37.74* 
lil. Chart Review 


1. No permanent pacemaker . 
* On chart review, this patient had a temporary pacemaker, not a 


. permanent pacemaker. Code 37.74 is fora Permanen pacemaker. 
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TABLE Vil Example D 
© 1. Dlagnosis—Face Sheet 








` 1. Renal failure 585 
2. Hypertension 401.9 
ll. Procedures—Face Sheet 
1. Temporary pacemaker 37.72* 
; 2. Permanent pacemaker 37.74 
< iL Chart Review 
a 1. Sinus arrest . . 426.6 
2. Sick sinus syndrome 427.81 











On chart review, diagnoses justifying the Insertlon of a permanent 
‘pacemaker were documented. In addition, 37.72 ls the code for a 
permanent, not a temporary, pacemaker. f 








"TABLE VII Example E 
` 1. Diagnosis—Face Sheet 


1. Aortic stenosis 424.1 
.. I. Procedures—Face Sheet 
. 1. Aortic valve replacement 35.22 
2. insertion of permanent | pacemaker 37.75 ` 
-© Hil. Chart Review . . 
1. Complete heart block ; 426.0 





This patient had complete heart block after open heart surgery for 
. aortic valve seattle This required the Insertion of a permanent 

pacemaker. Only aortic stenosis had been recorded and not complete 
- heart block, 426.0. 


the codes as copied from the face sheet of the medical 
records. On chart review, the additional diagnoses were 
listed and coded. Errors in diagnosis, coding, and in 
` omission are documented. 
. After medical record analysis, 31 patients (5%) in the 
~ present study were found not to have the indications 
-listed in the Health Research report which would justify 
' the insertion of a permanent, pacemaker (Table IX). If 
_ the same percentage were to apply to the total 817 pa- 
tients in the “unnecessary or questionable category,” 
. this would represent a total of 42 patients or 2% of the 
. total of 2,182 patients who received pacemakers in 
Maryland in 1979 and 1980, again utilizing the same 
criteria as in the Health Research report. However, 
_ among other indications, ventricular overdrive is a valid 


TABLE IX The 31 Questionable or Unnecessary 
Pacemaker Implants* Encountered In Review 
of the Medical Records of 610 Patients 


Ventricular overdrive 

Bifascicular block (1 acute myocardial Infarction) 

Wenckebach, ist and 2nd degree 

RBBB with second degree atriventricular block 

RBBB and atrial fibrillation with acute myocardlal infarction 

RBBB with acute myocardial Infarction 

LBBB with acute myocardial infarction 

TSS e re ce ctriboer icles block N A iver 
Infarction 

Mobitz | with acute myocardial Infarction 

Mobitz | 

Unclear Indications stated (2nd degree atrioventricular block; 
nonconducted premature atrial contractions) 

Not Justifled on chart review 

Postural hypotension and sinus bradycardia ' 

To permit use.of beta blocking agent 


* Utilizing the same criteria as In the Health Research Report. . 
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reason for pacemaker insertion and was not so listed in 
the Health Research report. Eight patients had a per- 
manent pacemaker inserted in Maryland for this diag- 
nosis. Inclusion of this group as justifiable reduces the 
unnecessary or questionable percentage to 4% of the 610 
medical records reviewed. This would reduce the 
number which might be considered unnecessary or 
questionable to 1.4% of the total of 2,182 pacemakers 
inserted, 

In a few instances, the hospital reviewers Simanied 
that the pacemaker insertion was judged appropriate 
although the criteria enumerated in the Health Re- 
search report were not present. The authors, however, 


‘included all of these cases as being inappropriate for the 


purpose of this report and in order to make a direct 
comparison of face sheet data with complete medical 
record review. 


Discussion 


res the event which precipitated this aay was 
the release of the Health Research report, there-have 
been serious concerns about conclusions based on data 
sources similar to those employed in that report. The 
flow of information from which these data were derived 
is generally as follows. When a patient is discharged 
from the hospital, the face sheet of the chart is filled out _ 
with the diagnoses and procedures and other informa- 
tion not relevant to this discussion. These entries may 
be made by the cardiologist or by the attending physi- 
cian on a different service. These diagnoses and proce- 
dures frequently include only some of the important 
ones which characterize the hospitalization of the pa- 
tient. The terms used to describe the disease of the pa- 
tient are often only generally stated, and frequently 
emphasize the disease (for example, acute myocardial 
infarction) and less often the manifestations of the 
disease (chest pain, type of disturbance in rhythm, and . 
so on). The patient record is then sent to the medical 
record department, where medical record technicians, 
clerks, or coding personnel assign codes as listed in 
ICD-9-CM to each diagnosis and procedure. In some 
hospitals, record personnel are specially trained to re- 


view the medical records in detail and to assign the 


codes for any additional diagnoses and procedures not 
listed on the face sheet. In other hospitals this function 
is not performed. These assigned codes are then tran- 
scribed to abstract forms, batched, and keyed into an 
external or internal data system. Regular reports are 
then provided to the participating hospital, and the data 
tapes are ultimately forwarded to the Maryland Health 
Services Cost Review Commission together with fi- 
nancial or billing data. These data are then made 
available for specific types of analyses once all confi- 
dential data have been removed. Thus, physician names 
or patient chart numbers are not generally available 
except to the individual hospital itself. 

It is this statewide data system based on face sheet 
information that may be the basis for hospital funding, 
research, quality care studies, and other investigations. 
Several hospitals estimate that 215% of all patient 
records reaching the record department have no diag- 
nosis or procedure listed at the time of patient dis- 
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charge. Record department personnel frequently assign 

code numbers after review of these medical records in 

the absence of a completed face sheet. Some hospitals 

assign a code number representing “undiagnosed dis-. 
ease, not specified as to site or system involved.” These’ 
codes are then changed at a later date when final disease 

and operation data become available. Frequently, the’ 
patient records arrive in the medical record department 

before the operative notes or the discharge summaries 

have been completed. These data are therefore not 

available when the information on the face sheet is 

coded. In some hospitals, it was found that a copy of the 

face sheet is sent to the billing department immediately 

upon discharge, and codes are then assigned by billing 

personnel for insurance purposes. The record room 

department staff codes the face sheet attached to the 

medical record, resulting at times in different codes 

being assigned to the same patient. It is probable that 

there is a disparity between the statewide data coding 

and the coding provided by billing departments to in- 

surance carriers. 

Accreditation of hospitals by the Joint Commission 
on Accreditation of Hospitals requires that there be a 
Quality Assurance Committee and Program in each 
hospital.’ These groups of physicians and allied health 
personnel maintain ongoing programs to assure quality 
care. Periodically, review of various medical problems 
are undertaken: that is, focused reviews. The local 
Professional Standards Review Organization, on review 
of the data from each hospital, may require hospital 
Utilization Review Committees or Quality Assurance 
Committees to perform selected focused review. The . 
face sheet information is utilized on the basis of the 
following principle: “Face Sheet Discharge Data Are 
Only Indicators That Direct One To Review The 
Medical Record.” 

Physicians concentrate their documentation in the 
patient medical record. It is in the main body of the 
medical record that the admission history and physical 
examination, progress notes, record of treatment, plans 
for therapy, consultation notes, laboratory reports, 
nurses’ notes, operative notes, and discharge summaries 
are found. The face sheet is not the focus of attention 
since the important details are in the body of the med- 
ical record and the face sheet is often a form to be 
quickly completed in order to sign the patient out of the 
hospital. Although the face sheet data may be utilized 
for the purpose of abstracting discharge data, for quality 
control, hospital funding, cost-effectiveness, and re- 
search, care should be exercised whenever such data are 
employed for these purposes. In some hospitals, the face 
sheet serves as the discharge summary. No final judg- 
ment can be made on medical diagnoses, procedures, or 
operations, severity of illness, mortality data, morbidity 
data, appropriate lengths of stay or other factors with- 
out a detailed review of the patient medical record. 

The accuracy of the coding of the face sheet diagnoses 
and procedures is best when these are essentially simple 
and straightforward, and not subject to misinterpre- 
tation. They are more difficult when the diagnoses and 
procedures are complex, vague, and technical and when 
fine distinctions must be made between almost-iden- 


tical terminology. Selected reviews by the Baltimore 
City Professional Standards Review Organization have 
revealed coding error rates of 5 to 24% for several hos- 
pitals in Baltimore City in the designation of a diagnosis 
to the wrong diagnostic related group. There is no 
standard “face sheet” in Maryland. 

Physicians, with rare exception, are not familiar with 
the ICD-9-CM code system nor with its utilization in the 
medical record department for the statewide discharge 
data base. The physician may not use the appropriate 
nomenclature for diagnosis of the patient’s disease, and 
may not use nomenclature precise enough to exclude 
erroneous ICD-9-CM codes from being assigned to the 
diagnoses listed. The physician may not include all of 
the manifestations of the disease. The coding may in- 
volve highly technical terminology, not familiar to the 
coding personnel or easily located in the code book. 

Cardiac arrhythmias probably represent the one 
discipline of cardiology which is most technical in its 
terminology. In completing the face sheet, the physician 
may not mention the specific arrhythmia, or may state 
it vaguely or use an ambiguous term subject to misin- 
terpretation. The coding personnel are then faced with 
making distinctions in this selection in order to assign 
a specific 4- or 5-digit code. 

The present study was specifically directed at de- 
termining the relation between the codes as derived 
from the face sheet and the entire medical record con- 
tents themselves in an effort to determine whether the 
“justifying diagnosis” was clearly documented in the 
body of the medical record but not on the face sheet. 
The study participants in each hospital copied the face 
sheet diagnoses and procedures (including codes), and 
then reviewed the entire medical record for additional 
diagnoses or procedures. The hospitals which partici- 
pated included university hospitals, teaching hospitals, 
and community hospitals from throughout the state and 
involved medical record department personnel, quality 
assurance personnel, utilization review staffs, cardiol- 
ogists, and others. With few exceptions a distinct uni- 
formity in the findings was observed in each hospital. 

Specific problems encountered in review of the face 
sheet included the following, as determined from the 
medical record review: (1) omission of the diagnosis 
which justified the pacemaker insertion; (2) lack of 
specificity in listing the arrhythmia diagnosis; (3) coding 
problems due to nonspecific diagnosis being listed; (4) 
correct diagnosis listed but wrong code number as- 
signed; (5) compound diagnosis for which the coder 
assigned a code to only part of the diagnosis and omitted 
the secondary codes; (6) failure of the physician to 
designate the type of pacemaker correctly; (7) pace- 
maker listed correctly but coded incorrectly; (8) sixth 
diagnosis that justified a pacemaker, but only 5 diag- 
noses entered into the available computer system. 

As noted, 31 patients were not found to have the ap- 
propriate diagnosis for permanent pacemaker insertion .- 
according to the indications listed in the Health Re- 
search report. These indications were accepted only for 
the purpose of this study in order to permit a direct 
comparison of face sheet data with complete medical 
record review. More widely accepted indications, how- , 
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ever, would further reduce the number of insertions 
listed as inappropriate in the present report. Permanent 
pacemakers were inserted in 8 patients for ventricular 
overdrive and their charts clearly justified these deci- 
sions. In 7 other patients, permanent pacemakers were 
inserted for bifascicular blocks or for the new onset of 
intraventricular conduction defects in the presence of 
acute myocardial infarction. These indications, as well 
as the insertion of a permanent pacemaker for postural 
hypotension with bradycardia, and to permit the use of 
beta blockers in the presence of bradycardia, are con- 
troversial but may be acceptable judgment decisions by 
the consulting physician. 

Indications for cardiac pacemaking have been widely 
reported.4~9 In general, pacing is appropriate for the 
control of symptomatic bradyarrhythmias, particularly 
bradyarrhythmias unresponsive to medical manage- 

‘ment. Pacemaker technology has expanded indications 
for permanent pacing. Synchronized (demand) capa- 
bility, and physiologic (atrioventricular sequential) 
modes have extended pacer treatment to complex 
brady- and tachyarrhythmias. Even after 25 years of 
clinical use, however, we do not know in all cases just 
when to prescribe a permanent pacemaker.!! Contro- 
versy is unresolved in new onset bundle branch block 


in the setting of ischemic heart disease,® in bifascicular- 


and trifascicular block,? and in intermittent and un- 
documented symptomatic low cardiac output syn- 
dromes.4 ` 

Electrophysiologic testing with His bundle recordings 
and rapid pacing or drug-induced stress assessment of 
the conducting system is of proven value in some but not 
all uncertain pacemaker candidates. Often physiologic 
assessment is impractical. Moreover, the propriety of 
the practice in which only 1 or 2 pacemakers per year is 
inserted in some hospitals is unresolved. In 1 report, 
retrospective peer review was apparently successful in 
reducing the number of permanent pacemaker inser- 


tions.!2 Peer review as generally practiced in many 
Maryland hospitals offers the best assurance for ap- 
propriate utilization. 
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Cellular Electrophysiologic Abnormalities of Diseased 


Human Ventricular Myocardium 


ROBERT F. GILMOUR, Jr., 
and DOUGLAS P. ZIPES, MD 


Using standard microelectrode techniques, the 
cellular: electrophyslologic features of ventricular 
myocardium resected from 8 patlents with refractory 
arrhythmias were studied in vitro. Action potentials 
from damaged myocardium compared with normal 
myocardium had reduced resting membrane po- 
tential, amplitude, and maximal upstroke velocity. 
Tetrodotoxin, but not verapamil, suppressed 3 action 
potentials with resting potentials of —60 to —64 mV 
and Vmax <70 V/s. Verapamil, but not tetrodotoxin, 
suppressed 4 action potentials with resting poten- 
tials of —44 to —57 mV and Vmax <20 V/s. Unidi- 
rectional block, Wenckebach block, and summation 
occurred In damaged zones. Exit block from. and 
frequency-dependent entrance block into an ectopic 
focus were noted. Subthreshold responses In the 
focal area Induced by action potentials in the sur- 
rounding myocardium and by subthreshold current 


Diverse cellular electrophysiologic phenomena have 
been found in resected human ventricular tissue studied 
in vitro.}-5 Some of these phenomena such as slow 
conduction, decreased excitability, and various forms 
of abnormal automaticity may contribute to the de- 
velopment of arrhythmias in diseased human ventricles: 
However, few studies of human ventricular preparations 
have been reported, and it is likely that many abnormal 
cellular electrical properties of these tissues have not 


From the 'Krannert Institute of Cardiology, of Pharmacology 
and Medicine, Indiana University School of Medicine, and the Veterans 


Administration Medical Center, Indlanapolls, Indiana. This work was ` 


supported in part by the Herman C. Krannert Fund; by Grants HL-06308, 
HL-07182, and HL-18795 and by the Young Investigator Award Hl- 
24851 from the National Heart, Lung, and Blood Institute, National In- 
` stitutes of Health, Bethesda, Maryland; and by the American Heart 
Assoclation, Indiana Affillate inc., Indianapolis, Indiana. Manuscript 
received January 29, 1982; revised manuscript received June 1, 1982, 
accepted June 16, 1982. 

Address for reprints: Robert F. Gilmour, Jr., PhD, Indiana University 
School of Medicine, Krannert institute of Cardiology, 1100 West 
Michigan Street, indlanapolis, indiana 46223. 


PhD, JAMES J. HEGER, MD, ERIC N. PRYSTOWSKY, MD, 


pulses injected through the recording microelec- 
trode altered the spontaneous discharge rate of the 
focus, as previously described for modulated par- - 
asystole. Pulses early In the spontaneous cycle 
delayed the next expected discharge, and later 


` pulses accelerated the subsequent discharge. 


Pulses injected at the singular point completely 
suppressed automaticity (annihilation). Tetrodotoxin 
and verapamil suppressed automaticity In some fi- 
bers. Single action potentials induced in quiescent 
fibers triggered and terminated sustalned rhythmic 
activity. These data suggest that depressed fast 
responses, slow responses, and subthreshold po- 
tentials can generate and modulate ectopic activity 
in damaged human ventricle and that fast- and 
slow-channel blocking agents and single premature 
stimull can terminate such activity. 


been identified. For exaroplé, slow-channel blocking 
agents, but not tetrodotoxin, depress the action. po- 
tential upstroke of depolarized human ventricular 

cells.15 These observations differ from those in studies 
of ischemic or hypoxic canine®8 and hamster? myo- 
cardium, in which lidocaine and tetrodotoxin sup- 
pressed abnormal action potentials but verapamil and 
D600, its methoxy derivative, did not. In view of these 
conflicting findings, further studies of depressed fast 
responses and slow responses in human ventricle appear 
warranted. In addition, aspects of modulated pace- 
maker activity as suggested by experiments in normal 
cardiac tissues subjected to abnormal environments!©18 
have not been examined in diseased human ventricle. 
These phenomena include phase resetting and annihi- 
lation by subthreshold and regenerative action poten- 
tials and modulation of reflected and parasystolic ex- 
citation patterns. Low-amplitude potentials that reach 
threshold may also trigger sustained rhythmic activ- 
ity,!4-16 an event that has not been fully investigated in 
the human ventricle.?-4 
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Because cardiac arrhythmias may be due to disorders 
of impulse formation, impulse propagation, or a com- 
bination of both mechanisms, we investigated aspects 
of abnormal automaticity and conduction in resected 
human ventricle that have not previously -been exam- 
ined in detail. The purpose of these studies was to test 
the hypotheses that (1) both slow responses and de- 
pressed fast responses exist in diseased human ventricle 


and can participate in abnormal conduction and pace- _ 


maker activity; (2) subthreshold potentials can also 
contribute to abnormal automaticity and conduction, 
as predicted by experimental models of oscillatory ac- 
tivity!®17 and Wenckebach periodicity!®!®, and (3) 
subthreshold afterdepolarizations may reach threshold 
after an appropriate stimulus and trigger sustained 
rhythmic activity. 


Methods 


Seventeen ventricular preparations obtained from 8 pa- 
tients, 7 men and 1 woman aged 52 to 73 years (T'able I), were 
studied. Seven patients had ischemic heart disease associated 
with various degrees of heart failure, whereas 1 patient had 
no evidence of organic heart disease and was characterized as 
having primary eléctrical disease. All patients had recurrent 
ventricular tachycardia resistant to treatment with multiple 
standard and investigational antiarrhythmic agents. Left 
ventricular aneurysmectomy and endocardial resection was 
performed in the 7 patients with ischemic heart disease, and 
right ventricular myocardial resection was performed in the 
1 patient with primary electrical disease. Areas were selected 
for resection on the basis of the site of earliest myocardial 
activation during ventricular tachycardia initiated at opera- 
tion by programmed electrical stimulation. Myocardial acti- 
vation sequences were determined using epicardial and en- 
docardial mapping with a ring electrode and reference elec- 
trodes sewn to the right and left ventricular epicardium.” 

The patient with primary electrical disease continued to 
have recurrent ventricular tachycardia after surgery, whereas 
6 of the 7 other patients had no episodes of symptomatic or 
sustained ventricular tachycardia during follow-up periods 
of 5 to 38 months (Table I). One patient did not have ven- 
tricular tachycardia after surgery, but died 6 days postoper- 
atively because of the low cardiac output syndrome. Cardiac 
glycosides were discontinued 1 day before surgery in all pa- 
tients. Antiarrhythmic agents were discontinued 1 to 7 days 


TABLE! Clinical Data on the 8 Patients Studied 





before surgery in 6 patients. One patient (Patient 5) received 
amiodarone the day before surgery and was assumed to have 
therapeutic levels of the drug at operation. Patient 7 was ad- 
ministered procainamide at surgery to facilitate the induction 
of ventricular tachycardia. All patients were anesthetized with 
morphine and nitrous oxide during surgery. : 

At surgery the pieces of resected myocardium were placed 
immediately in Tyrode’s solution (22° to 24°C) previously 
bubbled with 95% oxygen and 5% carbon dioxide and taken 
from the operating room to the cellular electrophysiology 
laboratory. The composition of the Tyrode’s solution (mM) - 
was: MgCl, 0.5; NaHePO,, 0.9; CaCle, 2.7; NaCl, 187.0; 
NaHCOs, 12.0; KCI, 4.0; glucose, 5.0. The pieces were then 
transferred to a tissue bath and superfused at a rate of 5 
ml/min with oxygenated Tyrode’s solution maintairied at 37° 
+ 0.5°C, pH 7.35 + 0.05, and pO2 >400 mm Hg. 

The preparations were allowed to beat spontaneously or 
were driven at a basic cycle length of 1,000 ms in the tissue 
bath for at least 30 minutes before study. Stimuli were rec- 
tangular pulses 2 ms in duration and an intensity twice dia- 
stolic threshold ‘delivered through bipolar Teflon*-coated 
stainless steel electrodes. Transmembrane potentials were 
recorded with glass microelectrodes filled with 3 M KCI (DC 
resistance, 5 to 30 mQ) coupled to silver-silver chloride wires 
leading to high impedance, capacitance-neutralizing ampli- 
fiers (model 701 or 707, W-P Instruments). The amplifiers 
were equipped with rapid switching systems that permitted 
the delivery of depolarizing and hyperpolarizing current pulses 
through the recording microelectrode. After delivery of the 
pulse, the amplifier reverted to the recording mode and the 


' resulting voltage deflection was monitored. Electronic dif- 


ferentiation was used to obtain the first time derivative of the 
action potential upstroke. The recordings were displayed on 
a memory oscilloscope (Tektronix D15), photographed with 
a Polaroid® camera (C-59), and recorded on magnetic tape 
(Hewlett-Packard model 3960). 

Recordings were obtained from abnormal and normal cells 
on the endocardial surface in 5 preparations and from the 
mid-myocardial surface in the remaining 8. Typical dimen- 
sions of the preparations were 5 cm long X 2.5 cm wide X 5mm 
thick. The terms abnormal and normal are based on cellular 
electrophysiologic characteristics only. Cells were considered 
normal when their action potential characteristics fell within 
the range of values previously reported for presumably normal 
human ventricle.!3 Cells having action potential character- 
istics that fell outside this range were considered abnormal. 
However, the data reported in previous studies were obtained 





Age (yr) 





Patient & Sex Diagnosis Medications * Area Resected Follow-Up 
1 56M PED Aprindine RV free wall, endo VT, encainkle (43 mo) 
2 52M IHD Digoxin, aprindine LV endo of anterior wall at No VT, quinidine (38 mo) 
A Junction with septum _ 

3 71M IHD Encainide, amiodarone, digoxin LV endo at distal septum at No VT (15 mo) 

, junction with free wall 
4 62M IHD Digoxin, mexlletine, amiodarone, Widespread LV endo resection No VT (11 mo) 

encainide 
5 73M IHD Digoxin, quinidine, amlodaronet Widespread LV endo resection Died 6 days po due to 
LV failure; no VT 
8 70F IHD Digoxin, quinidine Large LV endo scar No VT (7 mo) 
RVD ; . 

7 88M IHD Quinidine, digoxin, procainamidet Large LV endo scar No VT (8 mo) 
8 50M IHD Digoxin, lidocaine LV endo near apex No VT (5 mo) 














* Cardioactive drugs given 1 to 7 days before surgery. t Discontinued 1 day before surgery. t Given at surgery. 
Endo = endocardium; IHD = Ischemic heart disease; LV = left ventricular; PED = primary electrical disease; po = postoperatively; RV = right 
ventricular; RVD = rheumatic valvular disease; VT = ventricular tachycardia. 
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from human hearts with some form of myocardial disease. 
Furthermore, because of similar action potential character- 
istics of human ventricular muscle and Purkinje tissue, we 
were unable to determine whether normal action potentials 
represented healthy ventricular muscle cells or slightly de- 
pressed Purkinje cells. Normal action potentials in this study 
were recorded from cells surrounding the aneurysm or necrotic 
areas or from islands of normal myocardium interspersed with 
areas of focal necrosis. Areas of the preparations that appeared 
to have been crushed during resection were excised and no 
data were collected from areas of myocardium near the cut 
edges of the specimens. 

To determine whether the fast or the slow inward current 
mediated the upstrokes of abnormal cells, 7 cells with resting 
membrane potentials <—65 mV and maximal upstroke ve- 
locities <70 V/s were superfused first with Tyrode’s solution 
containing tetrodotoxin (5 X 1078 M) for 15 minutes followed 
by 30 minutes of washout and then with racemic verapamil 
(2 X 10-8 M) for 30 minutes. Verapamil was not given first to 
any of the preparations because its effects are not completely 
reversible in vitro.?! Statistical analysis was performed using 
Student’s t test for unpaired data. 


Results 


Action potential characteristics: The action po- 
tential characteristics of abnormal ventricular myo- 
cardium were compared with those of apparently nor- 


mal myocardium (Table I). Action potentials from. 


abnormal cells usually had reduced resting membrane 
potential, action potential amplitude and duration, and 
maximal upstroke velocity of phase zero. However, in 
2 cells from Patient 5 and 2 cells from Patient 6, variable 
amplitude action potentials were elicited from resting 
membrane potentials of —70 to -79 mV. The ampli- 
tudes and upstroke velocities of these action potentials 
depended on stimulus intensity, frequency, and polar- 
ity. In the example shown in Figure 1, bipolar cathodal 
stimulation consistently produced action potentials 
with amplitudes of approximately 91 mV (superim- 
posed action potentials labelled 1 and 2). Anodal pulses 
elicited lower amplitude action potentials whose up- 
strokes were increasingly delayed in onset and reduced 
in amplitude (action potentials 3 to 11), until only a 
subthreshold depolarization was produced (labelled 12). 
The next stimulus after the subthreshold depolarization 
produced an action potential with a relatively large 
amplitude (action potential 13) and the sequence of 
progressive action potential depression was repeated 
(not shown). Data for the variable amplitude action 
potentials were not included in Table II. 





TABLE II Action Potential Characteristics 
RP APA APD50 = APD90 Vmax 
(mV) (mV) (ms) (ms) (V/s) 
Normal —81.0 109.7 249.3 378.3 219.0 
(n = 10) +1.2 +1.4 +15.2 +23.4 +23.5 
Abnormal —60.8*" 75.5*° 112.2° 206.3* 45.8° 
(n = 14) 41,7 +3.0 +15.9 +27.6 +9.1 


* Statistically significantly different from normal to p <0.05. Data 
are given as mean + standard error of the mean. 

APA = action potential amplitude; APD50 = action potential duration 
at 50% of repolarization; APD90 = action potential duration at 90% 
of repolarization; RP = resting potential; Vmax = maximal action po- 
tential upstroke velocity. f 
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FIGURE 1. Consecutive superimposed recordings of variable amplitude 
action potentials in a human ventricular ceil during stimulation at a basic 
cycle length of 1,000 ms. Action potentials and subthreshold responses 
are numbered sequentially In the order In which they occurred. Stimulus 
duration and Intensity were constant at 2 ms and 100 V, respectively. 
The maximal diastolic potential was —75 mV. Vertical calibration, 25 


-mV. Horizontal callbration, 50 ms. Data obtained from Patlent 6. See 


text for discussion. 


Conduction disturbances: Stimulus-dependent 
block: Abnormal action potentials, as characterized in 
Table II, were associated with slow conduction and 
variable degrees of conduction block. Conduction across 
some areas of abnormal myocardium was facilitated by 
increasing the stimulus intensity, duration, or cycle 
length. An example of the dependence of conduction on 
stimulus frequency is shown in Figure 2. In this prepa- 
ration microelectrode recordings were obtained from 
cells on opposite sides of an area of depressed conduc- 
tion. One-to-one conduction across the depressed seg- 
ment occurred at basic cycle lengths >1,100 ms (not 
shown), but 2:1 and higher degrees of block developed 
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FIGURE 2. Increased degree of conduction block in diseased human 
ventricle with Increasing stimulus frequency. Two microelectrode re- 
cordings were obtalned from relatively normal cells on opposite sides 
of an area of abnormal cells approximately 14 mm wide. A bipolar 
stimulating electrode was placed In 1 of the normal areas. In each panel 
the upper actlon potentials were recorded near the stimulating electrode 
and the lower action potentials were recorded on the opposite side of 
the abnormal area. The bottom recording Is the stimulus Interval, which 
is given in milliseconds below each panel. The stimulus polarity, du- 
ration, and Intensity were constant throughout at cathodal, 2 ms, and 
10 V, respectively. Vertical calibration, 50 mV. Horizontal calibration 
1 second for a stimulus interval of 1,000 ms and 2 seconds for the rest. 
Data obtalned from Patient 1. See text for discussion. 
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as the basic cycle length was shortened from 1,000 to 800 
ms. Complete block occurred at a basic cycle length of 
700 ms. 

A similar relation between stimulus frequency and 
conduction was seen in another preparation (Fig. 3). 
However, in this preparation, 1:1 conduction across an 
‘area of abnormal cells occurred at shorter cycle lengths 
when the stimulating site was on one side of the ab- 
normal area (X2) rather than the other (X1). As plotted 
in Figure 3, stimulation at site X1 during control pro- 
duced 1:1 responses at the recording site near the 
stimulating electrode (the proximal site) and at a re- 
cording site on the opposite side of the preparation (the 
distal site) at a cycle length of 1,300 ms. Thus, the ratio 
of the distal response (DR) to the proximal response 
(PR) was 1.0. Two-to-one block developed at a cycle 
length of 1,200 ms, producing a DR/PR ratio of 0.5, and 
complete block occurred at a cycle length of 400 ms. 
One-to-one conduction occurred at a cycle length of 
1,000 ms during control stimulation of site X2, with 
complete block at the distal recording site at a cycle 
length of 700 ms. 

After control measurements, the preparation was 
exposed to isoproterenol (10-7 M) for 10 minutes in an 
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FIGURE 3. Dependence of conduction on pacing site and frequency 
In diseased human ventricle before and after exposure to Isoproterenol 
(ISO) (1077 M for 10 minutes). Bipolar stimulating electrodes and re- 
cording microelectrodes were placed in relatively normal myocardium 
on opposite sides of an area of abnormal myocardium approximately 
10 mm wide. Site X1 (circles) or site X2 (squares) was stimulated during 
control (black symbols) and after exposure to ISO (white symbols). 
Responses at the microelectrode site near the respective stimulating 
electrode (the proximal response [PR]) and on the opposite side of the 
depressed area (the distal response [DR]) were monitored. The ratio 
DR/PR is displayed as a function of the pacing basic cycle length (BCL) 
in milliseconds. Stimulus polarity, duration, and intensity were constant 
throughout at cathodal, 2 ms, and 20 V, respectively. Data obtained from 
Patient 1. See text for discussion. 


attempt to facilitate conduction.?? After isoproterenol 
the cycle length at which 1:1 conduction occurred during 
pacing at site X1 shortened from 1,300 to 600 ms and 
complete block was not produced even at a cycle length 
of 400 ms (the proximal site did not respond 1:1 when 
the cycle length was shortened further). The cycle 
lengths at which 1:1 conduction and complete block 
were produced during stimulation at site X2 also were 
reduced after isoproterenol exposure, but to a lesser 
extent. Thus, isoproterenol effectively reversed the 
direction of block at some pacing cycle lengths. 

Summation: The site of stimulation also could affect 
the configuration of action potentials in abnormal cells. 
In the preparation shown in Figure 4, stimulation of a 
relatively normal area of myocardium (X1) or an ab- 
normal area (X2) produced a normal action potential 
near X1 and a slowly rising action potential (V mar <10 
V/s) near X2. Simultaneous stimulation of X1 and X2 
also produced a normal action potential near X1, but 
markedly altered the action potential near X2. The 
maximal upstroke velocity of the abnormal cell was 
increased to approximately 40 V/s and there was less 
delay between the onset of the stimulus and the maxi- 
mal action potential amplitude. 

Entrance and exit block: In 2 preparations, a 
spontaneously discharging ectopic focus could be cap- 
tured by action potentials elicited in the surrounding 
myocardium (Figs. 5 and 6). Stimulating the area sur- 
rounding 1 focus at a cycle length >1,200 ms resulted 
in 1:1 capture of the ectopic area with some delay (Fig. 
5A). However, conduction into the focus from the 
stimulus site was unidirectional, because spontaneous 
action potentials generated by the focus did not produce 
an active response in the surrounding myocardium (Fig. 
5B). Shortening the pacing cycle length from 1,200 to 
400 ms produced increasing degrees of entrance block 
into the ectopic focus, and the coupling interval changed 
from 1:1 to 4:3, 3:2, 2:1, 3:1, and 4:1 (Fig. 6). At cycle 
lengths of 1,100, 1,000, and 800 ms, activation of the 
ectopic area showed Wenckebach-like characteristics, 
that is, activation times increased progressively before 
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FIQURE 4, Summation In diseased human ventricle. Bipolar stimulating 
electrodes and recording microelectrodes were placed at a site along 
the border between an area of abnormal myocardium and relatively 
normal myocardium (X1) and at a site within the abnormal area (X2). 
The recordings shown are, from top to bottom, upstroke velocity of the 
border zone cell, actlon potential of the border zone ceil, action potential 
of the abnormal zone ceil, and upstroke velocity of the abnormal zone 
cell. Cycle length = 1,000 ms and stimulus Intensity = 100 V. Stimulus 
duration = 3 ms for X1 and 6 ms for X2. Vertical calibration, 200 V/s 
for the top and bottom recordings and 50 mV for the middle recordings. 
Horizontal calibration, 10 ms for the top and bottom recordings and 100 
ms for the middle recordings. Data obtained from Patient 3. See text 
for discussion. . 
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block and activation times after the blocked satoa 


potential were relatively short. However, at cycle 

lengths of 900, 600, and 400 ms, the interval between 
‘ complexes in the normal zone and in the ectopic zone 
| were constant before and after block. 

Depressed fast responses and slow responses: 
Tetrodotoxin had little effect on the action potentials 
of 4 cells with resting membrane potentials ranging from 
—44 to —57 mV and maximal upstroke velocities <20 
V/s. In these cells, verapamil markedly reduced the 
amplitude and rate of rise of the action potential up- 
stroke. An example of the effects of tetrodotoxin and 











tricle. Panel A, action potential and upstroke velocity recordings from 
a cell in an abnormal area of myocardium (upper recordings) and a cell 
in relatively normal surrounding myocardium (lower recordings) during 
pacing of the normal myocardium at a cycle length of 1,200 ms. Panel 
B, recordings of the same 2 ceils in the absence of pacing. Vertical 
calibration, 50 mV and 200 V/s. Horizontal calibration, 100 ms tn left 
panel and 4 seconds in right panel. Data obtained from Patient 4. See 
text for discussion. ` 
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FIGURE 6. Frequency-dependent entrance block Into an ectopic focus. 
Same preparation and recording sites as In Figure 5. In panels A to F 
the normal myocardium surrounding the focus was stimulated at pro- 
gressively shorter cycle lengths, Indicated beneath each panel in 
milliseconds. Vertical callbration, 50 mV. Horizontal calibration, 4 
seconds In A and B and 2 seconds In C to F. See text for discus- 
slon. ` 


FIGURE 5. Exit block from an ectopic focus in diseased human ven- . 


verapamil on action potentials in a relatively normal cell 
and an abnormal cell is shown in Figure 7, A and B. 
Tetrodotoxin produced activation delay and intermit- 


. tent conduction block in the normal zone but had little 


effect on the action potential of the abnormal cell. 
Verapamil reduced the action potential amplitude of 
the abnormal cell without affecting its resting mem- 
brane potential and slightly reduced action potential 
amplitude and maximal upstroke velocity in the normal 
cell. In 8 other cells with resting membrane potentials 
of —60 to —64 mV and maximal upstroke velocities <70 
V/s, tetrodotoxin markedly reduced action potential 
amplitude and maximal upstroke velocity (Fig. 7C), 
whereas verapamil only slightly reduced action poten- 
tial amplitude (not shown). 

Automaticity: Triggered activity: Six of the resected 
pieces were discharging spontaneously at the time of 
study. Maximal diastolic potentials of automatic cells 
ranged from ~72 to —33 mV, and spontaneous activity 
arose from early and delayed afterdepolarizations and 
from gradual diastolic depolarization. Sustained 
rhythmic activity could be triggered by single stimu- ` 
lated action potentials or by short trains of stimulation 
in 2 preparations. An example of the latter phenomenon 
is shown in Figure 8A. In this preparation, recordings 
were obtained from 8 sites along a single trabeculum 
approximately 11 mm long that separated 2 areas of 
infarcted myocardium. At 1 recording site near the 


40 TTX 





p 


= 7 
-RN 
o- = A D 
Da Z| 

FIGURE 7. Effects of tetrodotoxin (TTX) and verapamil on action po- 
tentials in diseased human ventricle. Panel A, action potential and 
upstroke velocity recordings from an abnormal cell (upper recordings) 
and a relatively normal cell (ower recordings) before and after exposure 


to TTX for 10 minutes. Panel B, after washout of TTX the same 2 celis 
were exposed to verapamil for 25 minutes. Panel C, effects of TTX on 


Control l 








` a different piece of myocardium taken from the same patlent. Vertical 


calibration, 200 V/s for the upstroke velocity traces and 50 mV for the 
action potential recordings. Horizontal calibration, 4 ms for the upstroke 
velocity traces and 100 ms for the action potential recordings. Data 
obtained from Patient 6. See text for discussion. 
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middle of the trabeculum (X1), afterdepolarizations of 
progressively increasing amplitude developed after each 
of 5 action potentials elicited by intracellular current 
injection. The fifth stimulated action potential was 
followed by a series of triggered action potentials that 
terminated with a gradual increase in cycle length and 
a subthreshold afterdepolarization. 

Stimulated or triggered action potentials at site X1 
did not propagate to other recording sites approxi- 
mately 4 mm proximal or distal to X1 (sites X2 and X3), 
nor did triggered activity at X2 or X3 propagate to X1 
or to recording sites immediately adjacent to the in- 
farcted myocardium. An example of the lack of inter- 
action between sites X1 and X2 is shown in Figure 8B. 
Spontaneous activity at X1 triggered by 2 stimulated 
action potentials produced no response at X2 and the 
subsequent triggering of action potentials at X2 did not 
alter existing activity at X1. 

Pacemaker modulation and annihilation: Modu- 
lation of pacemaker activity by subthreshold depolar- 
izing and hyperpolarizing pulses was studied in 3 
preparations. Pulses delivered early in the spontaneous 
cycle delayed the next expected discharge, whereas 
those delivered later in the cycle accelerated the sub- 
sequent discharge. In the preparation shown in Figure 
9A, injection of a subthreshold current pulse through 
the lower microelectrode relatively early in the spon- 
taneous cycle (approximately 680 ms after initiation of 
the rapid portion of the preceding action potential up- 
stroke; indicated by the left dot) produced a sub- 
threshold depolarization in the upper record and de- 
layed the next spontaneous discharge by 400 ms. A 

- current pulse of the same intensity and duration de- 
livered later in the spontaneous cycle (950 ms after the 
preceding upstroke; the right dot) accelerated the next 
discharge by 210 ms, relative to the previous 2 action 
potentials. This pattern of pacemaker modulation re- 





FIGURE 8. Triggered sustained rhythmic activity in diseased human 
ventricle, Panel A, sustained rhythmic activity triggered by a series of 
driven action potentials (Indicated by the dots) at recording site X1. Panel 
B, initiation of triggered activity at sites X1 and X2 along the same tra- 
beculum by Intracellular current injection (indicated by the dots beneath 
the respective actlon potential recordings). For current pulses, cycle 
length is 2,000 ms, pulse duration 10 ms, and pulse Intensity 200 nA. 
Vertical calibration, 50 mV; horizontal calibration, 10 seconds. Data 
obtained from Patient 5. See text for discussion. 
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sembled previously described phase resetting patterns 
in other models of biologic oscillators.1!7 Theoretic 
predictions from these models indicate that spontane- 
ous activity can be annihilated by a pulse delivered at - 
a critical phase of the pacemaker cycle, known as the 
singular point.!’ In accordance with these predictions, 
we found that pulses delivered at the singular point (in 
this example 930 ms after the preceding action potential 
upstroke) abolished pacemaker activity and this effect 
persisted for at least the next 2 minutes (Fig. 9B). 

Single subthreshold pulses also could alter the char- 
acter of subsequent spontaneous action potentials. The 
example shown in Figure 9C illustrates that an appro- 
priately timed current pulse converted bimodal action 
potentials to action potentials with a single active 
component followed by a subthreshold early after- 
depolarization. The presence of delayed afterdepolar- 
izations (indicated by the arrows) after the change in 
action potential configuration suggests that summation 
of these potentials and the early afterdepolarization 
accompanying each spontaneous action potential may 
have been responsible for the second upstroke compo- 
nent of the bimodal action potentials. 

Effects of tetrodotoxin and verapamil: The 
spontaneously active preparation shown in Figures 5 
and 6 was exposed to tetrodotoxin (5 X 1078 M) for 15 
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FIGURE 9. Modulation of pacemaker activity in diseased human ven- . 
tricle by subthreshold current pulses. Panel A, 2 recording sites along 
the same trabeculum in a spontaneously active preparation. Current 
pulses of 30 ms In duration were Injected through the lower micro- ~ 
electrode (dots). The Interval between spontaneous action potentials 
is given In milliseconds above each interval. Panel B, same cells and 
current pulse varlables as In pane! A. Panel C, 2 recordings from a 
different area of the same preparation during spontaneous activity. The 
dot Indicates the Infection of a 30 ms current pulse and the arrows In- 
dicate delayed afterdepolarizations. Vertical calibration, 50 mV; horl- 
zontal calibration, 2 seconds In A and B and 4 seconds in C, Data ob- 
tained from Patient 5. See text for discussion. 
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minutes, followed by 30 minutes of washout, and was 


then exposed to verapamil (2 X 107€ M) for 45 minutes 
(Fig. 10). Tetrodotoxin completely suppressed action 


| potentials at the recording site after 10 minutes. Vera- 


pamil suppressed action potentials after 15 minutes, but 
low level oscillations remained. These gradually decayed 
over the next 45 minutes and the preparation became 
completely quiescent. 


Discussion 


The results of this study indicate that cells with 
normal and abnormal action potentials existed in pieces 
of resected human myocardium that appeared to par- 


„ticipate in the initiation of ventricular tachycardia at 


surgery. Tetrodotoxin, but not verapamil, suppressed 
action potentials in some abnormal cells whereas vera- 
pamil, but not tetrodotoxin, suppressed action poten- 
tials in other abnormal cells. Both groups of cells were 
found in areas of depressed conduction and may have 


| contributed to the entrance and exit block, undirec- 
| tional and bidirectional block, Wenckebach-type peri- 


odicity, and summation observed in vitro. In addition, 
both tetrodotoxin and verapamil suppressed sponta- 
neous activity in some preparations, suggesting that 


| depressed fast responses and slow responses played a 


: role in abnormal impulse formation. Subthreshold po- 





tentials induced by current injection or action potentials 
proximal to a zone of block altered the spontaneous 
discharge rate of automatic cells, annihilated pacemaker 
activity, and influenced the configuration of sponta- 
neous action potentials. Afterdepolarizations following 
stimulated action potentials occasionally reached 
threshold and triggered bursts of sustained rhythmic 
activity. i 

The cellular electrophysiologic abnormalities cited 
herein were assumed to be related to the underlying 
heart disease of these patients. However, all patients 
had received cardioactive drugs at some point in their 
therapy and some patients had received antiarrhythmic 


agents just before or at the time of surgery (Table I). . 


These drugs may have contributed to the in vitro elec- 
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FIGURE 10. Effects of tetrodotoxin and verapamil on spontaneous 
activity In diseased human ventricle. Upper automaticity before 
(Control) and after superfusion with TTX (5 X 107° M) for 10 minutes. 
Lower panels, automaticity after 30 minutes of washout of TTX and after 
supertusion with verapamil (2 X 107° M) for 15 minutes. Vertical, cal- 
Ibration, 50 mV; horizontal calibration, 2 seconds. Data obtalned from 


| Patient 4. See text for discussion. 
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trophysiologic findings. Therefore, our results pertain 
to the potentially arrhythmogenic electrical properties 
of these preparations, regardless of the precipitating 
factor, rather than to the electrical properties of dis- 
eased ventricle per se. 

Abnormal action potentials and conduction: The 
relatively low resting membrane potential of most cells 
in diseased myocardium may underlie many of the ab- 
normal action potential characteristics of these cells and 
the slow and frequently dysynchronous conduction in 
infarcted myocardium. Sustained depolarization partly 
inactivates fast inward sodium channels, decreasing 
excitability, action potential upstroke velocity, and 
conduction velocity.23: These phenomena may con- 
tribute to the development of graded responses and 
summation.”® However, we (Fig. 1) and others!?’ re- - 
corded action potentials that had variable amplitudes 
in cells with nearly normal resting potentials, indicating 
that a normal resting potential was not necessarily as- 
sociated with normal active membrane properties. 

Cells with variable action potential responses to dif- 
ferent stimulus intensities and frequencies often ex- 
hibited Wenckebach-type block. Wenckebach cycles 
have been postulated to involve decremental conduction 
culminating in block or step delays in conduction at a 
junction of partly refractory tissue.!8-19 The records in 
Figures 1 and 6 tend to support the latter concept, be- 
cause the foot potential input after each stimulus was 
constant in amplitude, but successive action potentials 
were delayed in onset, until block occurred. The acti- 
vation delay presumably was due to increasing refrac- 
toriness produced by the progressively shorter interval 
between complete repolarization and the succeeding 
stimulus. 

Depressed fast responses and slow responses: The 
suppression of action potentials and automaticity by 
both verapamil and tetrodotoxin suggests that de- 
pressed fast responses and slow responses coexist in 
diseased human ventricle and participate in abnormal 
impulse generation and propagation. However, we could 
not record from all cells in a preparation or be.certain 
that we had impaled the dominant pacemaker cell in an 
ectopic area. Therefore, it is possible that tetrodotoxin 
or verapamil only appeared to suppress action poten- 
tials or automaticity, when they actually had produced 
entrance or exit block from the stimulating electrode 
or ectopic focus. This possibility is suggested by Figure 
10B, in which verapamil initially suppressed action 
potentials in the recording zone, but low level oscilla- 
tions remained. These potentials may have been in- 
trinsic membrane oscillations of the recorded cell or may 
have been subthreshold responses to ongoing sponta- 
neous activity in another area of the preparation. 
However, the eventual cessation of the low level po- 
tentials suggests that verapamil did suppress automa- 
ticity in this case. 

Automaticity: The phase-response relation, anni- 
hilation, and alteration of action potential configuration 
produced in spontaneously depolarizing preparations 
by subthreshold and regenerative action potentials re- 
sembled that produced in in vitro models of depressed 
conduction.!©18 Our observation that these phenomena 


can occur in diseased human ventricular myocardium 
7 
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supports previous contentions that this type of oscil- 
latory phenomenon has clinical relevance./®?8 For ex- 
ample, the spontaneous discharge rate of an ectopic 
ventricular focus may be modulated by changes in the 
sinus rate and produce complex, but predictable, ven- 
tricular rhythms. Sinus complexes or external stimuli 
that invade a spontaneously discharging region of 
myocardium at the appropriate time (the singular 
point!”) could terminate ventricular ectopy through 
annihilation. The mechanism by which annihilation 
occurs in cardiac tissue has not been defined, but the 
singular point and annihilation appear to be features 
of several types of biologic oscillators.!41” Appropriately 
timed impulses also might change the electrocardio- 
graphic manifestation of polymorphic ventricular 
tachycardia” from 1 configuration to another, as sug- 
gested by Figure 9C. Furthermore, termination of 
ventricular tachycardia with a single premature stim- 
ulus could reflect annihilation of an automatic focus, 
rather than interruption of a reentrant pathway. 
Triggered sustained rhythmic activity also may be 
initiated and terminated by a single stimulus.14-!6 The 
records in Figure 8 illustrate that this type of activity 
can occur in virtual isolation from surrounding myo- 
cardium, raising the possibility that in the intact heart 
triggered pacemakers may “control” small areas of 
myocardium without producing manifest ventricular 
arrhythmias. These findings may relate to the obser- 
vation that triggered activity was seen in damaged rat 
“myocardium in vitro at a time when no arrhythmias 
were apparent on the surface electrocardiogram.?* 
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Biphasic Nature of Propranolol’s 
Microelectrophysiologic Effects 


DAVID H. S. IANSMITH, MD, PhD, CLINTON B. NASH, PhD, and 


JACK P. BANDURA, MD, PhD 


The microelectrophysiologic effects of d,l-pro- 
pranolol were observed to be biphasic when a wide 
range of concentrations was used in canine atrial 
tissue; therefore, the 2 isomers were used sepa- 
rately to test the hypothesis that the opposite effects 
of propranolol could be separated by isomeric !so- 
lation. Whole atrla were detached from dog hearts 
and 3 by 0.5 cm strips were cut from the atria. 
Transmembrane action potentials were monitored 
‘from the atrial strips mounted in an isolation 
chamber contalning Tyrode’s solution. Concentra- 
tions of d-propranolol, |-propranolol, and the d,l- 
racemate ranging from 0.03 to 1.0 ug/ml were 


minutes. In lower concentrations d,l-propranolol 
decreased the effective refractory period and acti- 
vation tlme while Increasing maximal rise velocity, 
action potential amplitude, and resting membrane 
potential. Higher concentrations produced the op- 
posite effects. The !-lsomer produced effects very 
similar to those of the lower concentrations of the 
racemate, whereas the d-form mimicked those ef- 
fects of the higher concentrations of the racemic 
mixture. We conclude that d,l-propranolol ts capable 
of exerting 2 opposite electropharmacologic actions, 
which may be demonstrated by varying the con- 
centration of d,l-propranolol or by separating the 
isomers. 


added to the bath and the effects observed for 60 


The first beta-adrenergic blocking agent introduced by 

Powell and Slater! in 1958 was heralded as a major sci- 

entific and clinical tool. The later synthesis of pro- 

pranolol introduced a clinically useful beta-blocking 

drug? that has rapidly become one of the most versatile 

be _ Widely used chemotherapeutic agents of the 
ay. 

Although the antiarrhythmic mode of action of pro- 
pranolol is not fully established, 2 categories of action 
are often suggested: (1) specific antagonism of adren- 
ergically induced arrhythmias at a receptor level, and 
(2) a quinidine-like, nonspecific, membrane-depressant, 
antiarrhythmic action.4 

In a previous study,° the microelectrophysiologic 
effects of propranolol on canine isolated atrial tissue 
were observed to be opposite at ranges of effective 


clinical concentrations. The question thus arose as to . 


whether both of these actions, that is, beta blockade and 
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membrane depression, might be demonstrable, de- 


-pending on the physiologic situation and the effective 


concentrations. To examine this possibility, we at- 
tempted to dissect these actions of propranolol by ex- 
amining the 2 isomeric forms of the drug. 


Methods 


After anesthetization with intravenous pentobarbital so- 
dium (30 mg/kg), the chest of adult dogs was opened through 
aright thoracotomy; the heart was visualized and rapidly re- 
moved. The left atrium was separated from the heart and 
submerged in a beaker of warmed, oxygenated Tyrode’s so- 
lution. Rinsed clean of blood, the atrium was opened flat, and 
3 by 0.5 cm strips were sectioned by cutting along the recessed 
regions between trabeculae. Each tissue sample was pinned 
to the paraffin floor of the 3 ml well of a lucite isolation 
chamber. By a system of pumped inflow and suctioned out- 
flow, oxygenated 36°C T'yrode’s solution continuously su- 
perfused the tissues at a rate of 2 ml/min. A stimulating 
electrode was placed on the anatomically proximal end of the 
tissue sample and provided double the threshold drive stim- 
ulation at a rate of 80 beats/min. A bipolar surface electrode 
was positionéd on the distal end of the tissue for monitoring 
tissue electrogenic viability, whereas 2 potassium-filled, glass 
microelectrodes were used to impale 2 cells, separated by no 
more than 0.5 cm, for recording the transmembrane action 
potentials. 

After a 30-minute equilibration period, a control photo- 
graph of the oscilloscope tracing, bearing 2 action potentials, 
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_ fast tracings of their phase O upstrokes, and a surface elec- 
trogram was taken. After establishment of the effective re- 
fractory period by the electronic, time-delayed manipulation 
of an extrastimulus interpolated between 2 drive stimuli, the 
superfusion medium was changed from normal Tyrode’s so- 
lution to a drug-containing Tyrode’s solution, and a timing 
device started. At 15-minute intervals, photographic records 
and effective refractory period determinations were obtained 
during 60 minutes of drug perfusion. The same 2 cells were 
monitored for the entire period of study. Each tissue sample 
was administered a single drug treatment at 1 concentration. 
At times of photographic recordings or at points of interest 
between, the oscilloscopic tracings were also monitored and 
- stored on a tape recorder. 

- After 60 minutes of drug treatment, the bathing medium 
was restored to normal Tyrode’s solution for 30 minutes to 
allow for tissue recovery and a final data sampling. 

Dose-response relations were established for the 6 mi- 
croelectrophysiologic variables of effective refractory period, 
activation time, action potential amplitude, resting membrane 
potential, action potential duration at 90% repolarization, and 
maximal rise velocity of phase O depolarization, using the 


Propranolol di E 


A m8ec 


0.03 0.06 0125 0.25 05 


Conoentration ugm/mi 


4 mS8ec 


‘FIGURE 2. Effects of d,l-propranolol and the separate 
isomers on atrial activation time. See Figure 1 for ex- 
planation. 








racemic mixture of propranolol as well as each of the isomers 
separately, in concentrations ranging from 0.03 to 1.0 
ug/ml. 
Results 
An interesting contrast is produced by comparison 


‘of the dose-response relations of the 3 forms of pro- 


pranolol (d,1; d; and 1) used in these atrial experiments. 
Figure 1 demonstrates this effect by characterizing the 
action of various concentrations of each form on atrial 
effective refractory period. Whereas the d-isomer in- 
creases refractoriness and the |-isomer mostly decreases 
ERP, the racemic mixture of the 2 is biphasic in its ef- 
fect. In lower concentrations, the racemate acts like the 
l-isomer and reduces the effective refractory period, 
whereas in higher concentrations it acts like the d-iso- 
mer and increases refractoriness. The d,l and d forms 
show the classic dose-response relation, but the 1 form 
shows a fairly flat line that would suggest a plateau ef- 
fect. 


FIGURE 1. Comparison of the effects of d,I, d, and l- 
propranolol on atrial effective refractory period. Each bar 
1.0 represents the mean + standard error. Asterisks indicate 
a significant differance from control (p <0.05). See text 
for detalls. 
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Figure 2 less dramatically indicates that atrial acti- 
vation time is generally increased by the d-isomer, de- 
creased by the l-isomer, and affected in both directions 
by the racematé, again showing the phenomenon of 
isomeric separation of action. 

Maximal rise velocity of phase O also displays an 
impression of isomeric separation of action (Fig. 3). The 
d form tends to depress the measure, the 1 form may 
increase maximal rise velocity, and the racemic mixture 
fluctuates in both directions. A similar relation is seen 
in Figure 4 showing that lower concentrations of d,l- 
propranolol resemble the effects of the l-isomer by in- 
creasing the atrial action potential amplitude, whereas 
higher concentrations mimic the effects of the d-form 
by decreasing amplitude. The 0.125 to 0.25 ug/ml point 


on these curves repeatedly stands as the conversion. 


position for the biphasic effects of the racemate. The 
relatively large standard errors that accompany the 


mean data from these concentrations also suggest. a zone: 


of transition. 
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FIGURE 4. Response of atrial action potential amplitude 
to increasing concentrations of d,|, d, and | forms of 
propranolol. Detalls as in Figure 1.” 
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Action potential duration and resting membrane 
potential were less consistently affected by these 3 forms 
of propranolol. Asummary of the effects of propranol- 
ol’s isomeric forms on the atrial potential is contained 
in Table I. Whereas the l- and d-isomers affect opposite 
actions, the racemic mixture of the 2 forms compromises 
the extremes by eliciting both actions, depending on the 
concentration administered. 


TABLE! General Effects of the Isomerlc Forms of ` 
` Propranolol on the Atrlal Transmembrane 
Potentlal 





Refractory Activation Maximal Rise 





Period Time Velocity Amplitude 
l-propranolol l { t t 
d,l-propranolol tt it t t 
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1.0 FIGURE 3. Effects of d,-propranolol and the PT 


* forms of the racemate on maximal rise velocity of phase 


` O. See Figure 1 for detalls. 
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Discussion 


The concentrations of propranolol used in this study 
(0.03 to 1.00 pg/ml) cover the range of blood levels of 
propranolol commonly found in clinical practice. Walle 
et al® established as a range of plasma concentrations 


0.031 to 0.262 ug/ml in patients given 40 mg every'6 , 


hours; Shand et‘al’ reported peak plasma levels of 0.036 
to 0.212 ug/ml from a-single dose of 80 mg administered 
orally; Rao et alë studied patients chronically receiving 
80 mg of propranolol every 6 hours and measured peak 


plasma levels of 0.125 to 0.621 and minimal levels of 


0.059 to 0.55 ug/ml. Other investigators have reported 
similar values. - 

The observations that propranolol axhibits a con- 
centration-dependent, biphasic action on the atrial 
transmembrane potential, and that the separate. ad- 
ministration of the agent’s component isomers may 
effectively disjoin these 2 opposite sets of effects raise 
somė interesting points. Reports conflict in their de- 


scription of propranolol’s microelectrophysiologic ef- . 


fects. Davis and Temte!? and Vaughan Williams!’ re- 
corded propranolol-induced alterations in the ventric- 
_ ular and atrial transmembrane potentials as minimally 
decreasing duration and only relatively prolonging re- 


fractoriness, but mainly acting to depress automatic : 


_ phase 4 activity.!213 However, Rosen et al!4 reported 
that in antiarrhythmic concentrations, propranolol 
acted to significantly prolong duration and refractori- 
- ness, to depress:rise velocity of the depolarization phase, 
and to decrease amplitude and resting potential, very 
similar to quinidine’s effects on the ventricular trans- 
membrane action potential. 
‘In this study lower effective concentrations of d,l- 
‘propranolol shortened refractoriness and activation 


. time, while increasing amplitude, resting potential, and . 


maximal rate of rise of phase O. Higher concentrations 
accomplished the opposite, that is, refractoriness and 
activation time were prolonged, whereas amplitude, 
resting potential, and maximal rise velocity were de- 
pressed. The l-isomer of propranolol generally mani- 
fested those‘actions produced by the lower concentra- 
tions of the racemate, and d-propranolol, those of the 
higher concentrations of the racemic mixture. A logical 
conclusion from this interesting phenomenon is that in 
lower doses the action of propranolol is mainly that of 
beta-adrenergic blockade. This conclusion would be 


supported by the fact that these actions are duplicated. 


by the l-isomer of propranolol, the form in which beta- 
blocking capacity i is concentrated; that similar clinical 
concentrations only demonstrate beta blockade!5.16. and 
that the flatness. of the dose-response curves for the l- 
‘isomer reflects an already maximally established effect. 
An initial impression might be formed, considering the 
previously listed effects of the 1-i -isomer, that they more 
resemble those of beta adrenergic agonist activity than 
. of beta antagonism. Initial data from this laboratory 


suggest that the classically accepted electrophysiologic . 


effects of the catecholamines are rate dependent, and 
that when administered in concentrations low enough 
(0. 01 to 0.2 ug/ml) so that rate is unaffected and ectopy 
is absent, isoproterenol might increase refractoriness 


and slow conduction, while depressing resting potential, 


` amplitude, and rate of rise of phase O. In higher con- 


centrations, propranolol’s beta-adrenergic blockade 
might, be masked by the quinidine-like membrane de- 
pression known to be expressed by the d-isomer.® 
These results, demonstrating propranolol’s capacity 
to affect opposite electrophysiologic actions at the ex- 
treme ranges of effective concentration, might offer 
some explanation for propranolol’s versatility as an 
antiarrhythmic agent. In lower concentrations, pro- 
pranolol might disrupt a reentrant focus by improving 
conduction through a compromised region of tissue and . 
converting retarded cellular characteristics, dependent 
on a slow inward current, to those that are more capable 
of operating by way of the fast sodium current. In higher 
concentrations, the agent could suppress dysrhythmias 
by further depressing a region of unidirectional block 
and of slow conduction to the point of complete block 


and inactivity. Thus, propranolol at different levels 


might be as efficacious for the treatment of a.nonca- 
techolamine-induced arrhythmia as for one produced 
by catecholamines. 

Conclusions: The biphasic nature of propranolol’ s 
electrophysiologic actions may be effectively isolated 
by the separation of its 2 isomeric forms: the beta- 
blocking I-isomer eliciting the actions of the lower 
concentrations of the racemate, with the membrane 
depressant d-form demonstrating those effects of higher 


‘concentrations of the racemate. Thus, the concentra- 


tion-dependent, biphasic microelectrophysioldgic ac- 
tions of the racemic form of propranolol might be used 
to explain its antiarrhythmic versatility. 
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Cryosurgery for Cardiac Arrhythmias: 


Acute and 


Chronic Effects on Coronary Arteries 


WILLIAM L; HOLMAN, MD, MASATOSHI IKESHITA, MD, 


PETER K. SMITH, MD, RAYMOND E 


The use of cryosurgery near major coronary arteries 
for the treatment of supraventricular and ventricular 
tachyarrhythmias has caused’ concern over the 


possible deleterious acute and chronic effects of - 


cryothermla on vessel patency and integrity. The 
present study was designed to examine both the 
acute and chronic effects of cryothermla on major 


coronary vessels in an experimental model that. | 


simulates clinical conditions. In the acute phase of. 


the study, 10 dogs underwent direct cryothermic 


exposure of. the left anterior descending (LAD) 
coronary artery while coronary artery flow and re- 


ROSS M. UNGERLEIDER, MD, 


. IDEKER, MD, PhD, and JAMES.L. COX, MD ` 


tive cardioplegic arrest at myocardial temperatures 
of 6 to 12°C. in addition, cryothermia was applied 
directly to the coronary sinus In these animals. The 


‘animals were allowed to live either 48 hours, 2 


weoks, or 6 months after the initlal procedure, and 
the cryolesions and underlying vessels were ex- 
amined histologically. Although coronary arterlog- 


‘raphy at 6 months showed all coronary arteries to 


be patent, microscopic examination revealed cor- 
onary intimal hyperplasia to be present in the ma- 


. Jority. of the coronary arteries at the site of the 


glonal myocardial blood flow were calculated. Direct 


cryothermlc exposure of the LAD resulted in total 
cessation of LAD blood flow 20 + 4 seconds after 
institution of Gryothermia. Arterial patency returned 


cryolesion, particularly If the cryolesion had been 
applied during hypothernilc, | cardioplegic arrest. 
Cryothermia had no effect on the coronary sinus. 


. This study provides evidence ‘for. cryothermia- -In- 


29 + 8 seconds after termination of -eryothermic 


' exposure. In the second phase of this study, 16 dogs 
had cryolesions applied directly over the LAD at 


myocardial temperatures of 37°C and during elec- 


duced coronary arterlal damage that may produce 
hemodynamically significant coronary artery ste-" 
nosis and-suggests that cautlon be exercised when 


~ Ris necessary to create cryolesions in the vicinity 


of major coronary arteries. 





Cryothermic ablation: of myocardium has been advo- 
_cated in a variety of surgical procedures for the man- 


agement of both supraventricular and ventricular ar- l 


rhythmias. Some of these procedures ` require the ap- 
plication of cryothermia in the vicinity of major coro- 


nary vessels. For example, the experimental left atrial: ' 


isolation procedure! as well as cryothermic ablation of 


- aberrant pathways of atrioventricular conduction? re- 


quires’ the use of cryothermia in the atrioventricular 
groove. In addition, cryothermic ablation of arrhyth- . 


mogenic ventricular foci34 may require exposure of 
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coronary arteries to cryotherntia. The use of cryosurgery 
near major coronary arteries has caused concern over 


‘the possible deleterious acute and chronic effects of l 


cryothermia on vessel patency and integrity, particu- 


- larly in view of previous reports of endothelial damage 


and intimal proliferation in both coronary® and non- 
coronary vessels®12 after cryothermic exposure. The 
purpose of this study was to examine the acute and 
chronic effects of cryothermia on coronary vessels in an _ 
experimental model that simulates clinical conditions - 


` and to make recommendations concerning | the use of 


eryothermia near major coronary arteries. 


Methods Š 
nel protocol for evaluating the acute effects 


of cryothermia on major coronary arteries: Ten adult 


mongrel dogs weighing’ 24 to 26 kg were anesthetized with 
sodium pentobarbitol (30 mg/kg), and ventilated with room 
air through a.cuffed’ endotracheal tube attached to a Harvard 


_ pump respirator. Percutaneous, cannulations of the femoral 
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FIGURE 1. LAD coronary artery blood flow during direct cryothermic exposure (left panels) and at the time of thawing 29 + 8 seconds after termination 
of cryothermic exposure (right panels). Coronary artery occlusion occurred an average of 20 + 4 seconds after Initiation of cryothermic expo- 


sure. 


artery and vein were performed to monitor systemic arterial 
blood pressure and pulmonary artery pressure by way of a 
Swan-Ganz catheter. The heart was exposed through a left 
thoracotomy and a pericardial cradle was constructed. A 1 em 
portion of the proximal LAD coronary artery was dissected 
free of surrounding connective tissue and fitted with a 2.5 mm 
Howell electromagnétic flow probe (Howell Instruments, 
Camarillo, California). The flow probes were connected to a 
Model HMS 1000 Howell flow meter and the signals were 
passed through 2 Hewlett-Packard Model 8802-A medium- 
gain amplifiers at filter settings of 30 Hz (phasic trace) and 
1.0 Hz (mean trace). Systemic arterial blood pressure, pul- 
monary artery pressure, mean LAD coronary blood flow, 
phasic LAD coronary blood flow; and a standard lead II 
electrocardiogram were recorded on magnetic tape at 354 
in/s. . j 
Regional myocardial blood flow in the subepicardium, 
mid-myocardium, and subendocardium of various regions of 
the LAD vascular bed and of the circumflex coronary artery 
vascular bed was determined by the radioactive microsphere 
technique at the study intervals outlined below. The radio- 


active tracer microspheres were 8 to 10 um in diameter and 
were labelled with cerium-141, iodine-125, strontium-85, or 
scandium-46. A total of 400,000 to 800,000 microspheres were 
given per injection through a left atrial catheter. A reference 
sample of femoral arterial blood was withdrawn at a constant 
rate for 2 minutes beginning 15 seconds before each micro- 
sphere injection. This allowed calculation of blood flow to a 
given region of myocardium in ml/g/min. The radioactive 
counts for each nuclide in each tissue and blood specimen were 
determined on a Beckman gamma 4000 scintillation counter 
containing a 2 inch sodium iodide crystal and employing a 
digital printout. Overlap for photopeaks in the same tissue 
specimen was corrected by the method of Rudolph and Hey- 
mann.!4 

After the heart had been instrumented, a control radioac- 
tive microsphere injection was made and control LAD blood 
flow, systemic arterial pressure, pulmonary artery pressure, 
and electrocardiographic data were obtained. A 4 mm cylin- 
drical cryoprobe (Frigitronics, Shelton, Connecticut) cooled 
to —60°C with expanding nitrous oxide was applied to the 
LAD immediately distal to the site of the electromagnetic flow 


TABLE! Regional Myocardial Blood Flow (Mean + Standard Error of the Mean) (ml/g/min) 














60 Seconds 15 Minutes Mechanical 
Control After CT* After RH LAD Occlusion 
LAD EPI 1.2 + 0.1 0.3 0.1 1.3 0.1 0.3 + 0* 
LAD MID 1040.1 0.2 0.1 t.1 £0.2 0.1 + 0° 
LAD ENDO 0.8 + 0.1 0.2+0.4 1.0 4 0.2 0.1 £ 0° 
L/L EPI 1.20.1 0.7 + 0.2 1440.2 0.6 + 0.1° 
L/L MID 1040.1 0.5 + 0.1 1.0 + 0.2 0.4 + 0.1* 
L/L. ENDO 0.9 + 0.1 0.5 £ 0.2 1.0 £ 0.2 0.3 + 0.1* 
LCA ẸPI 1.2 0.1 1.4 + 0.2 1.3 0.2 1.4 + 0.2* 
LCA MID 11401 14+ 0.2 1240.2 1.3 + 0.2* 
LCA ENDO 1.0 + 0.1 1.384 0.1 1.1 £ 0.1 1.30.1 
PLAD EPI 1.2 4 0.2 1540.2 1.34 0.1 144 0.1* 
PLAD MID 12+0.1 1640.1 1.4 + 0.2 1.4 + 0.1” 
. PLAD ENDO 1.10.1 1340.1 1.2 + 0.1 1.24 0.1 
* p <0.05. 


Column 1 represents control myocardial blood flow, column 2 the myocardial blood flow after 60 seconds of direct cryothermic (CT) exposure 
of the LAD, column 3 the myocardial blood flow 15 minutes after reactive hyperemla, and column 4 the myocardial blood flow after mechanical 
occlusion of the LAD coronary artery at the site of previous cryothermic exposure. 

ENDO = subendocardium; EP! = subeptcardium; LAD = vascular bed of the left anterior descending coronary artery distal to the site of either 
cryothermic exposure or of mechanical occlusion; LCA = vascular bed of the left clrcumflex coronary artery; L/L = myocardium In the region of 
the border of the left clrcumflex and LAD vascular beds; MID = mid-myocardium; PLAD = LAD vascular bed proximal to the site of cryothermic 


exposure or mechanical occlusion; RH = reactive hyperemia. 
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probe for 180 seconds. The cryoprobe was applied gently 
enough so that similar application of a warm cryoprobe pro- 
duced no change in LAD coronary flow as determined by the 
electromagnetic flow probe. After 60 seconds of cryothermic 
exposure, a second radioactive microsphere injection into the 
left atrium was performed. After the cryothermic exposure 
was completed, the LAD coronary artery was allowed to thaw, 
and 15 minutes after the onset of reactive hyperemia a third 
injection of radioactive microspheres was performed. Thirty 
minutes later, the LAD coronary artery was occluded with a 
small vascular clamp at the site of previous cryothermic oc- 
clusion for a period of 180 seconds. The fourth injection of 
radioactive tracer microspheres was performed 60 seconds 
after application of the LAD occlusive clamp. Regional myo- 
cardial blood flow data obtained during this mechanical oc- 
clusion of the LAD coronary artery were compared with re- 
gional myocardial blood flow data obtained during the period 
of cryothermic exposure of the LAD. Measurements of heart 
rate, systemic and pulmonary artery blood pressure, phasic 
and mean LAD coronary artery flow, regional myocardial 
blood flow in the areas described above, and the times from 
the beginning of cryothermic exposure to LAD occlusion and 
to return of LAD coronary flow for each intervention were 
obtained for analysis. 

Experimental protocol for evaluating the chronic ef- 
fects of cryothermia on major coronary arteries: Sixteen 
adult mongrel dogs weighing 24 to 26 kg were anesthetized 
with sodium pentobarbitol (80 mg/kg), and ventilated with 
40% oxygen through a cuffed endotracheal tube attached to 
a Bennett MA-1 volume-cycled respirator. Sterile percuta- 
neous cannulations of the femoral artery and vein were per- 
formed to monitor systemic arterial blood pressure and pul- 
monary artery pressure by way of a Swan-Ganz catheter. A 
sterile left lateral thoracotomy was performed, and the right 
atrium and ascending aorta were cannulated for cardiopul- 
monary bypass. Asanguineous priming solution and Shiley 
Model 100-A bubble oxygenators were used in all experiments. 
During cardiopulmonary bypass, the animals were perfused 
at 2.25 to 2.50 liters/min/m?, maintaining a mean arterial 
perfusion pressure of 70 to 90 mm Hg. A thermistor (Instru- 
mentation Laboratories, Boston, Massachusetts) was placed 
in the ventricular septum to monitor myocardial temperature. 
After institution of normothermic (387°C) cardiopulmonary 
bypass, the 4 mm cylindrical cryoprobe was applied to the 
proximal portion of the LAD coronary artery for 120 seconds 
at —60°C. The aorta was then cross-clamped and 300 ml of 
4°C lactated Ringer’s solution with 20 mEq potassium chlo- 
ride/liter was infused into the aortic root, achieving car- 
dioplegic arrest at a myocardial temperature of 6 to 12°C. A 
cryolesion was then placed over the distal LAD coronary ar- 
tery and, in addition, a cryolesion was created over the coro- 
nary sinus in the posterior left atrioventricular groove. The 
cryolesions applied during cardioplegic arrest. were performed 
in exactly the same manner as the one that was applied before 
cardioplegic arrest. The aortic cross-clamp was then released 
and the heart was defibrillated, and after rewarming to a 
ventricular septal temperature of 37°C, the animal was 
weaned from cardiopulmonary bypass. Before closure of the 
chest, stainless steel suture material was placed at the edges 
of each cryolesion for later identification. The animals were 
killed at either 48 hours, 2 weeks, or 6 months after surgery. 
In the animals that were allowed to live for 6 months after 
surgery, coronary arteriography was performed before they 
were killed 

At postmortem examination, the hearts were removed and 
the coronary arteries were examined grossly before obtaining 
tissue blocks of the 2 cryolesions containing sections of the 
LAD coronary artery. A tissue section of coronary artery not 
involved in a cryolesion was obtained as a control in each an- 


imal. After fixation, 8 um sections of the coronary arteries were 
stained with hematoxylin and eosin, Verhoeff-van Gieson, and 
Masson’s trichrome stains. The sections of coronary artery 
were examined by an independent cardiac pathologist (REI) 
in a single-blind fashion. The LAD coronary artery and the 
coronary veins were graded for degree of stenosis on a percent 
basis with 100% representing total occlusion. A series of other 
pathologic variables were graded on a scale of 0 to 4 with 0 
representing absence of each variable, and 4 representing the 
maximal possible involvement. The variables recorded were 
(1) inflammation of the coronary artery adventitia, media, and 
overlying epicardium; (2) disruption of the coronary artery 
media; (3) disruption or proliferation of the coronary artery © 
intima; (4) disruption of the internal elastic lamina; (5) cal- 
cium deposition in the arterial wall; and (6) alteration of 
coronary venous architecture. Coronary vessels without sur- 
rounding myocardial necrosis or fibrosis attributable to 
cryothermic injury were excluded from analysis. The patho- 
logic examination of the coronary sinus was limited to a gross 
description, although stained microscopic sections were ob- 
tained. f 


Results 


Acute effects of cryothermia on coronary arte- 
ries: Direct cryothermic exposure of the LAD coronary 
artery invariably resulted in acute occlusion of the 
coronary artery, although none of the frozen arteries 
ruptured or showed noticeable dilatation after thawing. 
Microscopic hemorrhage within the adventitia of the 
coronary artery at the site of cryothermic exposure was 
the only immediate pathologic change detected in the 
coronary arteries and was prominent only after multiple 
cryothermic exposures at the same site. Mean LAD 
coronary artery flow before cryothermic exposure was 
60 + 6 ml/min, and typically decreased from that con- 
trol range to 0 ml/min during the period of cryothermic 
application (Fig. 1). Coronary artery occlusion occurred 
20 + 4 seconds after institution of cryothermia and ar- 
terial patency returned 29 + 8 seconds after termination 
of cryothermic exposure. The return of coronary artery 
blood flow was sudden and typically increased to levels 
above 300 ml/min at the peak of reactive hyperemia 
(Fig. 1). During the period of coronary artery occlusion 
secondary to the cryothermia, the myocardium distal 
to the cryolesion became dyskinetic and cyanotic, but 
the tissue regained normal color and contractile activity 
rapidly after restitution of coronary blood flow with 
thawing. There was no statistically significant difference 
between measurements of heart rate before and after 
cryothermia (152 + 5 versus 156 + 5 beats/min, re- 
spectively), systemic blood pressure (141/95 versus 
136/89 mm Hg), or pulmonary artery diastolic pressure 
(11 + 2 versus 11 + 2 mm Hg). Regional myocardial 
blood flow data were analyzed for evidence of distal 
embolization of vascular debris after coronary artery 
freezing and thawing and also served to verify that 
cryothermic exposure directly over the LAD coronary 
artery had caused total occlusion as indicated by the 
electromagnetic flow probe tracing. These data are 
summarized in Table I. 

Comparisons for statistical significance within each 
group were made using Student’s t test for paired data. 
Sixty seconds after initiation of cryothermia or me- 
chanical coronary artery clamping, there was a statis- 
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tically significant decrease in myocardial blood flow to 
all layers of the LAD vascular bed distal to the site of the 
occlusion. The peripheral areas of the left circumflex 
coronary vascular bed also demonstrated a significant 
decrease in myocardial blood flow at that time. A con- 
comitant increase in myocardial blood flow occurred in 
the myocardium of the LAD vascular bed proximal to 
the cryolesion as well as in most of the vascular bed of 
the left circumflex coronary artery. Myocardial blood 
flow returned to control levels in all vascular beds by 15 
minutes after LAD freezing. 

Chronic effects of cryothermia on coronary ar- 
teries: All coronary arteries subjected to cryothermia 
were grossly patent at examination 48 hours, 2 weeks, 
and 6 months after cryothermic exposure. In addition, 
no coronary artery stenoses were detectable at the 
cryolesion sites on biplane cineangiography 6 months 
after cryothermic exposure. The cryolesions created 
during hypothermic, cardioplegic arrest appeared larger 
than the cryolesions created at 37°C, an observation 
consistent with our previous findings.4 

A summary of the histologic data is presented in 
Table II. Forty-eight hours after direct cryothermic 
exposure, the coronary arteries showed a mild degree 
(0.4 to 1.0) of inflammation in the overlying epicardium, 
the adventitia, and the media (Fig. 2). In addition to the 
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FIGURE 2. Hemotoxylin-sosin stained section of the LAD coronary 
artery 48 hours after cryothermlc exposure, demonstrating pyknotic 
nuciel of medial smooth muscle cells, mild Inflammation, and vessel 
patency. (Magnification X 100.) 


presence of inflammation, the nuclei of smooth muscle 
cells in the arterial media were pyknotic and there was 
mild disruption of the arterial intima in 1 animal asso- 
ciated with noncircumferential fibrin deposition in the 
area of intimal discontinuity. In 3 animals. there was ` 
evidence of coronary venous occlusion, ranging from 25 
to 100% in addition to minimal signs of fragmentation 
of the internal elastic lamina. The LAD coronary artery 
was patent at 2 weeks in all animals, although there was 
complete occlusion of a diagonal branch in 1 animal in 
which the cryolesion had been created during hypo- 
thermic, cardioplegic arrest (Fig. 3). By 2 weeks after 
cryothermic exposure, inflammation of the adventitia 
and media had cleared, but there was persistence of 
mild inflammation of the epicardium overlying the 
coronary artery at the site of cryothermic exposure. 
Moreover, the architecture of the coronary artery media 
had returned to normal by 2 weeks, while the coronary 
artery intima in 3 animals showed mild hyperplasia. 
Only minimal pathologic alterations were noted in the 
coronary veins at 2 weeks after cryothermic exposure. 

The LAD coronary artery was patent in all animals 
6 months after cryothermic exposure. However, LAD 
stenosis due to intimal hyperplasia was detected at the 
site of 4 cryolesions that had been created during hy- 
pothermic, cardioplegic arrest. The degree of stenosis 
in these 4 specimens ranged from 10 to 60%, and in 2 
specimens the intimal hyperplasia was concentric (Fig. 
4). In addition, 2 separate diagonal branches within the 
cryolesions showed 80% stenoses at 6 months (Fig. 5 and 
6). Mild degrees of epicardial, adventitial, and medial 
inflammation were seen, and there was persistent mild 
fragmentation of the internal elastic lamina. Only 4 
coronary arteries were judged completely normal at the 
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FIGURE 3. Complete occlusion of a dlagonal branch of the LAD coro- 
nary artery 2 weeks after cryothermic exposure. (Magnification X40, 
reduced 25%.) 
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FIGURE 4. Left panel, Verhoeff-van 
Gleson stalned section of LAD coronary 
artery 6 months after cryothermic ex- 
posure, demonstrating concentric In- 
timal hyperplasia within well-demar- 
cated Internal elastic lamina. (Magnifl- 
cation X25, reduced 27%.) .Right 
panel, hemotoxylin-eosin stalned 
section of the same coronary artery 
originally magnifled X100 (reduced 
27%) to demonstrate the intimal pro- 
liferation, the intact internal elastic 
lamina, and mild inflammation of the 
adventitla. 


site of the cryolesion 6 months after cryothermic ex- 
posure. Three of these cryolesions had been created at 
a myocardial temperature of 37°C and 1 had been 
created during hypothermic, cardioplegic arrest. No 
stenosis, thrombosis, or vessel wall abnormality was 
seen in the coronary sinus at the site of cryothermic 
exposure 48 hours, 2 weeks, or 6 months after the pro- 
cedure. 


Discussion 


The first series of experiments in this study defined 
the acute changes in coronary artery blood flow during 
and immediately after the direct exposure of a coronary 
artery to cryothermia. The coronary arterial wall re- 
mained intact despite multiple exposures to cryother- 
mia and did not develop acute aneurysmal dilatation. 
Complete cessation and resumption of coronary artery 
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'blood flow occurred promptly after the beginning and 
end of cryothermia, with a typical reactive hyperemic 
response occurring after the resumption of coronary 
flow. Regional myocardial blood flow data were ob- 
tained as a possible means of detecting distal coronary 
embolization of debris after thawing of the frozen vessel. 
These data indicate that freezing of major coronary 
arteries causes no such acute embolization. Thus, it 
appears that the immediate limiting factor in the use 
of cryothermia near major coronary arteries is the level 
of acute but reversible ischemia that can be tolerated 
in the myocardial tissue distal to the site of the transient 
cryothermic occlusion. 

The long-term effects of direct cryothermic appli- 
cation to coronary arteries and to other large arteries 
including the aorta, hepatic artery, femoral artery, and 
carotid artery have been studied previously.5:8-12 In 


Vascular Histology After Direct Application of Cryothermla to a Major Coronary Artery 
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Each group of survivors had cryothermic exposure of major coronary arteries at both 37°C and during cardioplegic arrest at 6 to 12°C. Arterial 
and venous stenosis was graded on a percent basis from 0 to 100%, with the latter representing total occlusion. Qualitative parameters of vascular 
injury were graded on a scale of 0 to 4, with 0 representing absence of the parameter. 

Art stenosis = degree of arterial stenosis; Ca dep = calcium deposition in the arterlal wall; CP = cryolesions created in the arrested nonperfused 
heart at 6 to 12°C; EL = disruption of the Internal elastic lamina; Inf adv = inflammation of the adventitia; Inf epi = inflammation of the epicardium; 
Inf med = inflammation of the media; intima = disruption or proliferation of coronary artery Intima; Media = cell death or disruption of normal media; 
Ven dis = disruption of the venous architecture; Ven stenosis = degree of venous stenosis; 37°C = cryolesions created in the perfused beating 


heart at 37°C. 
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FIGURE 5. Diagonal branch of the LAD coronary artery (Verhoeff-van 
Gieson stain) 6 months after cryothermic exposure; the darkly stained 
internal elastic lamina marks the boundary of the markedly hyperplastic 
intima. (Magnification X40.) 


addition, several studies have described the response 
of capillary endothelium to milder cryothermic expo- 
sure such as frostbite.’ Those studies indicate that 
cryothermic exposure destroys cellular elements in the 
arterial wall but spares noncellular structural elements 
of the vessel wall. Capillary networks are destroyed by 
cryothermic injury, but larger arteries, such as those the 
size of major coronary arteries, continue to function as 
conduits for blood after thawing. Smooth muscle cells 
in the media of these arteries rapidly regenerate during 
the healing phase, while the intima often develops 
marked hyperplasia. The intimal hyperplasia has been 
shown to regress within 1 year after the cryothermic 
exposure®; however, if the hyperplasia was sufficiently 
severe, it could lead to impairment of coronary blood 
flow resulting in distal myocardial ischemia or infarc- 
tion. The degree of intimal hyperplasia seen in cryole- 
sions created under cardioplegic arrest in the present 
study progressed up to 6 months after the procedure, 
at which time intimal hyperplasia had produced mild 
to moderate stenosis of the coronary arteries. Coronary 
intimal hyperplasia appeared to be less severe when 
cryolesions were applied to the coronary arteries during 
normothermic perfusion, and these changes had re- 
gressed within 6 months after cryosurgery. The larger 
cryolesion size, and presumably more intense cryo- 
thermic exposure during cardioplegic arrest, is the most 
2 ; 





FIGURE 6. Diagonal branch of the LAD coronary artery (Verhoeff-van 
Gieson stain) 6 months after cryothermic exposure; note the marked 
intimal hyperplasia similar In severity to that seen in Figure 5. (Magni- 
fication X40.) 


likely cause for this increased intimal hyperplasia. Of 
greater concern was the incidental discovery of occlusion 
or severe stenosis of diagonal branches of the LAD 2 
weeks and 6 months postoperatively. This finding 
supports the recent study of Giampapa et al!° describing 
the time-course of occlusion of small arteries and arte- 
rioles after cryothermia. These investigators found that 
the smallest vessels studied (0.33 mm in diameter) were 
permanently occluded immediately after cryothermia, - 
while arteries 1.0 to 1.5 mm in diameter remained pat- 
ent for up to 120 hours after cryothermic exposure. 
The data obtained in the present study provide evi- 
dence for cryothermia-induced coronary arterial dam- 
age that may produce hemodynamically significant 
coronary stenosis. Therefore, caution should be exer- 
cised when one finds it necessary to create cryolesions 
in the vicinity of major coronary arteries. Furthermore, 
branches of these arteries (that is, coronary arteries <1.5 
mm in diameter) should not be included in the cryole- 
sion at all since they may become totally occluded 
postoperatively. If it is necessary to apply a cryolesion 
in the atrioventricular groove, for example when per- 
forming a left atrial isolation procedure or when ablating 
an accessory atrioventricular connection, an effort 
should be made to dissect a segment of the coronary 
artery free from the atrioventricular groove fat pad and 
to retract it away from the proposed site of cryothermia 
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application. If retraction of the coronary artery proves 
to be too hazardous and creation of a cryolesion is es- 
sential to the procedure, the cryolesion should be ap- 
plied in the perfused heart rather than during elective 
cardioplegic arrest. Additionally, it is possible that the 
large amount of fat that surrounds coronary arteries 
within the atrioventricular groove provides an extra 
measure of protection since fat is a poor conductor of 
heat energy. The present study indicates that such 
dissection and retraction of the coronary sinus is not 
essential since direct application of cryothermia to the 
coronary sinus does not cause chronic occlusion or ste- 
nosis. 
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Intravenous Amiodarone in the Acute Treatment of 
Recurrent Symptomatic Ventricular Tachycardia 


FRED MORADY, MD, MELVIN M. SCHEINMAN, MD, EDWARD SHEN, MD, 
WILLIAM SHAPIRO, MD, RUEY J. SUNG, MD, and LORENZO DiCARLO, MD 


Fifteen patients aged 59.3 + 11.5 years (mean + 
standard deviation [SD]) had recurrent symptomatic 
ventricular tachycardla (VT) refractory to at least 
2 conventional antiarrhythmic drugs. All patients had 
organic heart disease; 4 had an acute myocardial 
Infarction. The mean ejection fraction was 0.30 + 
0.09. Twelve patients had overt congestive heart 
fallure. Five had bundle branch block. Before 
treatment with intravenous amiodarone, the patients 
had had 6 to 40 episodes of symptomatic VT over 1 
to 8 days of hospitalization. All patients recelved an 
Initial bolus of 5 mg of amiodarone/kg over 15 
minutes. Seven patients also recelved a continuous 
infusion of 600 to 1,000 mg of amlodarone over 12 
to 24 hours. Additional doses depended on the pa- 
tlents’ clinical responses. In 11 of 15 patients, antl- 
arrhythmic drugs that had falled to suppress VT were 


Oral amiodarone has been found to be effective in the 
chronic suppression of recurrent VT.!-? However, be- 
cause its onset of action may be delayed for several days 
after initiation of treatment, oral amiodarone is not 
suitable for acute treatment of VT. Reports of use of 
intravenous amiodarone in the acute treatment of VT 
have been restricted to reports in the French literature 
and have involved few patients.?-!2 Our experience with 
the use of intravenous amiodarone in the treatment of 
15 patients with recurrent symptomatic VT refractory 
to other antiarrhythmic drugs is reported herein. 


Methods 


Fifteen patients (Table I) had recurrent symptomatic VT 
refractory to at least 2 conventional antiarrhythmic drugs 
administered in doses sufficient to attain therapeutic or su- 
-pratherapeutic serum levels. These 15 patients were treated 
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continued during administration of amiodarone. 

In 12 of 15 patients acute control of VT was ob- 
tained with Intravenous administration of amlodar- 
one either alone or In combination with previously 


‘ineffective drugs. Three patients continued to have 


frequent episodes of VT while being treated with 
Intravenous amiodarone. Mobitz type | atrioven- 
tricular block developed in 1 patlent. No patient had 
high degree atrioventricular block, symptomatic 
hypotension, or a clinically apparent worsening of 
congestive heart failure. 

The use of intravenous amiodarone represents a 
significant advance In the acute treatment of fre- 
quent life-threatening VT refractory to other drugs. 
With appropriate monitoring, It can be used safely 
in patients with congestive heart fallure, bundle 
branch block, or acute myocardial infarction. 


with intravenous amiodarone after informed consent was 
obtained. The mean agé of the 11 men and 4 women was 59 + 
11 (SD) years (range 41 to 72). All patients had underlying 
heart disease. Three patients had left and 2 had right bundle 
branch block during sinus rhythm. The ejection fraction was 
measured by radionuclide or contrast angiography in 14 pa- 
tients; the mean ejection fraction was 0.30 + 0.09 (range 0.12 
to 0.42). Twelve patients had overt congestive heart failure 
with an S3 gallop and cardiomegaly on chest roentgenogram. 
Hemodynamic monitoring was performed with a flow-directed 
thermodilution catheter positioned in the pulmonary artery 
in 4 patients who had severe heart failure; these patients had 
a cardiac index of <1.8 liters/min/m? and a pulmonary cap- 
illary wedge pressure >25 mm Hg. 

Before treatment with intravenous amiodarone, the pa- 
tients were hospitalized for 1 to 8 days and had 6 to 40 episodes 
of symptomatic VT (‘Table I) documented by electrocardio- 
graphic recordings. The rate of VT was 130 to 250 beats/min. 
In 1 patient (Case 1), the VT was always nonsustained but was 
associated with symptoms of transient lightheadedness lasting 
15 to 60 seconds. One patient (Case 11) had incessant VT with 
lightheadedness over a 24-hour period before receiving in- 
travenous amiodarone. In the remaining 13 patients, direct- 
current counter shock was required 2 to 25 times to terminate 


episodes of VT associated with loss of consciousness or severe __ 


hypotension. 
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TABLE! Clinical Characteristics and Previous Antiarrhythmic Drug Therapy In Patlents Treated With Intravenous 
Amlodarone 
Onset i Unsuccessful Drug Therapy 
Age (yr) Heart Ejection of VT Episodes ‘Rate of VT DOC ma 
Case & Sex Disease Fraction (days) of VT (n) (beats/min) (n) Intravenous Oral 
1 47M IHD 0.25 1 4 180 0 L, PA Q 
2 63M IHD 0.27 4 25 160-250 9 L, PA Q, E, Pf 
3 68 F IHD 0.33 8 40 180 25 L, PA, B Q, PA 
4 71M. CCM? 0.22 3 10 240 2 L, PA, B PA, D 
5 72M IHD 0.37 1 6 187 2 L, PA, B sia 
6 68 F IHD 0.35 4 15 150-180 15 L, PA, B E 
7 67 F AMIt SP 1 12 200 2 L, PA, B in 
8 48M AMI 0.32 2 8 187 6 L, PA, B a 
9 63 M AMIT 0.15 5 20 180 10 L, PA, B, Pr S 
10 65M AMI 0.40 1 20 200-250 20 _L, PA, B Q 
11 42M CCM 0.35 1 Continuous 150 0 L, PA ah 
12 57M CCM 0.42 7 16 160-200 2 L, PA, Pr 
13 72F IHD 0.32 2 8 250 7 L, PA, B 
14 45M IHDt 0.12 3 8 187-215 6 L, PA, B Q 
15 41M CCM 0.34 2 15 130-170 2 L, PA, B PA 





* Onset of most recent episodes of VT just before treatment with intravenous amiodarone. ' Severe heart fallure, with cardiac Index <1.8 I- 


ters/min/m? and pulmonary capillary wedge pressure >25 mm Hg. 


AMI = acute myocardial Infarction; B = bretylium; CCM = congestive cardlomyopathy; D = disopyramide; DDC = direct-current countershock; 
E = encainide; IHD = Ischemic heart disease (chronic); L = lidocaine; PA = procainamide; Pf = propafenone; Pr = propranolol; Q = quinidine. 


The antiarrhythmic therapies that failed to suppress VT 
before administration of intravenous amiodarone are sum- 
marized in Table L The following doses were administered: 
intravenous lidocaine, a loading dose of 75 to 225 mg followed 
by a continuous infusion of 2 to 5 mg/min; intravenous pro- 
cainamide, a loading dose of 600 to 1,000 mg followed by a 
continuous infusion of 3 to 4 mg/min; intravenous bretylium, 
a loading dose of 300 to 1,500 mg followed by a continuous 
infusion of 2 to 4 mg/min; intravenous propranolol, 10 mg; oral 
procainamide, 6 to 8 g/day; oral quinidine, 1.2 to 1.6 g/day; oral 
disopyramide, 400 mg/day; oral propafenone, 900 mg/day; and 
oral encainide, 240 mg/day. Attempts at overdrive suppression 
with atrial or ventricular pacing in 5 patients were also un- 
successful in controlling VT. 

In the absence of preexisting guidelines, a flexible protocol 
was developed using varying doses of amiodarone to assess its 
safety and efficacy. All patients received an initial bolus of 
amiodarone, 5 mg/kg over 15 minutes. Seven patients then 
received a continuous infusion of 600 to 1,000 mg of ami- 








odarone over 12 to 24 hours. Additional doses depended on 
the patients’ clinical response. 

In 11 of 15 patients, antiarrhythmic agents that had already 
failed to suppress VT were continued during intravenous 
administration of amiodarone. These medications were con- 
tinued because in most cases they slowed the rate of the VT. 
Three patients (Cases 11, 14, and 15) were treated with 800 
to 1,200 mg/day of oral amiodarone for 1 to 5 days before re- 
ceiving the intravenous form. Among the remaining 12 pa- 
tients, treatment with 800 mg/day of oral amiodarone was 
initiated within 1 to 2 days after the acute control of VT with 
the intravenous form. All patients underwent continuous 
electrocardiographic monitoring during and for at least 3 to 
5 days after the administration of intravenous amiodarone. 

After discharge from the hospital, patients were seen at 
intervals of 1 to 3 months by 1 author or the patient’s referring 
physician. Twenty-four hour continuous ambulatory elec- 
trocardiographic recordings were obtained every 1 to 3 
months. 











TABLE l! Response to Treatment With Intravenous Amiodarone and Long-Term Outcome 
Bolus Dose infusion M Recurrence Chronic Months VT In 
of Am . Dose of Am Concurrent of VT Therapy of Follow-Up 

Case _{mg/15 min) (mg/24 h) Therapy Acutely (g/day) Follow-Up — Perlod Died 
1 300 eve 0 Am 0.6 10 0 See 
2 450 f 600 0 Am 0.4 7 0 Bree 

3 350 650 0 Am 0.8 0.25 + + 
4 300 1,000 0 Am 0.6 4 0 ‘tee 
5 400 Sats PA 0 Am 0.4 9 0 aa 
6 350 600 PA, Br 0 Am 0.6 5 0 oes 
7 300 ete L, Br 0 ea ate ne 
8 500 L, PA, Br + ieee 
300 L, PA, Br 0 Am 0.6 16 0 sane 

9 400 PA + ee he 
200 X 4 eck PA 0  Am0.8, PA 4.5 11 0 SE 

10 350 700 L, PA 0 Am 0.8 X 3 months 7 0 ee 
11 350 a Oral Am 0 Am 0.6 15 0 eas 
12 300 ee L 0 Am 0.6 8 0 aa 

13 300 X 2 lore L, Br + ee + 

14 400, 100 X 6 1,000 X 4 PA, L, Br, Oral Am + ner + 
15 300, 100 X 3 7,00 X 4 PA, Oral Am +. Am 1.2, PA 8 4 + in. 


* Died from cardlogenic shock. 


Am = amiodarone; Br = bretylium; L = lidocaine; PA = procainamide. 
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Results 


After administration of either a single bolus of ami- 
- odarone or a bolus followed by a continuous infusion of 
amiodarone over 12 to 24 hours, the 4 patients who were 
treated with amiodarone alone had no further episodes 
of VT (Table IT). 

In 6 of 11 patients who were treated with intravenous 
amiodarone in combination with previously ineffective 
drugs, there was no further VT after administration of 
a single bolus or a bolus followed by a continuous infu- 
sion of amiodarone over 12 to 24 hours. Two patients 
required additional boluses of amiodarone for control 
` of VT. Patient 8 had 4 episodes of symptomatic VT 

after administration of 500 mg of intravenous ami- 
odarone over 15 minutes. The next day, an additional 
bolus of 300 mg of amiodarone was given, and the pa- 
` tient had no further episodes of VT. Patient 9 had no 
further episodes of sustained VT after receiving a 400 
mg bolus of amiodarone over 15 minutes; however, he 
continued to have 10- to 15-second bursts of nonsus- 
. tained VT and was treated with an additional 400 mg 
of intravenous amiodarone 8 hours later. Because of 
continued short episodes of nonsustained VT, he was 
treated with 3 additional boluses of 150 mg of ami- 
odarone every 4 hours and subsequently had no further 
recurrence of VT. Thus, in a total of 12 (80%) of 15 pa- 
tients who had multiple episodes of symptomatic VT 
refractory to other antiarrhythmic drugs, acute control 
of VT was achieved after intravenous administration 
of amiodarone. 
_ The remaining 3 patients continued to have frequent 
episodes of symptomatic VT despite being treated with 
large doses of intravenous amiodarone for several days. 
Patient 15 received a total of 3.4 g of intravenous ami- 
odarone over 5 days and was treated concurrently with 
1,200 mg/day of oral amiodarone and 6 to 8 g/day of oral 
procainamide; during the 5 days of intravenous ami- 
odarone therapy, he had 38 episodes of symptomatic 
VT. VT was suppressed only after the sixth day of 
treatment with high dose oral amiodarone and pro- 
cainamide. Patients 13 and 14 continued to have fre- 
quent episodes of VT despite treatment with intrave- 
nous amiodarone in combination with other antiar- 
rhythmic drugs. These patients died from refractory 
VT. Thus, intravenous amiodarone was ineffective in 
providing acute control of VT in 20% of patients (3 of 
15) who had frequent VT refractory to other antiar- 
rhythmic drugs. 

Cardiovascular effects: Three patients had 
- asymptomatic sinus slowing from a baseline rate of 70 
to 90 beats/min to 48 to 55 beats/min. No symptomatic 
sinus pauses occurred during or after intravenous ad- 
ministration of amiodarone, 

One patient (Case 13) had asymptomatic Mobitz I 
atrioventricular block 4 hours after intravenous ad- 
ministration of 350 mg of amiodarone. However, no 
patient had high degree atrioventricular block during 
or after intravenous administration of amiodarone. 

No patient had clinically apparent worsening of 
congestive heart failure. However, all 4 patients who had 
severe heart failure were already being treated with a 


continuous infusion of a sympathomimetic agent (do- 
pamine or dobutamine) before being treated with in- 
travenous amiodarone. In addition, no patient had 
symptomatic hypotension attributable to intravenous 
amiodarone. 

Long-term follow-up: Patient 7 died from refrac- 
tory cardiogenic shock despite the acute control of VT 
with intravenous amiodarone. Of the 12 patients who 
were discharged from the hospital, 10 were treated with 
amiodarone (400 to 800 mg/day) as the sole antiar- 
rhythmic drug and 2 were treated with amiodarone (800 
to 1,200 mg/day) in combination with procainamide (6 
to 8 g/day). The mean duration of follow-up was 8.0 + 
4,5 months (range 1 week to 16 months). Patient 3 died 
suddenly 1 week after discharge from the hospital. No 
other patient has had a recurrence of symptomatic VT 
or cardiac arrest. Continuous ambulatory monitoring 
has revealed occasional 5- to 10-second episodes of 
asymptomatic VT (rate 125 beats/min) in Patient 15 
and occasional 10- to 15-second episodes of asymp- 
tomatic accelerated idioventricular rhythm (rate 80 
beats/min) in Patient 4. 


Discussion 


This study demonstrates that intravenous amiodar- 
one is both safe and effective in the acute control of re- 
current symptomatic. VT. Despite the fact that many 
other antiarrhythmic drugs were unsuccessful in sup- 
pressing VT, intravenous amiodarone was effective in 
preventing recurrent VT, either by itself or in combi- 
nation with previously ineffective drugs, in 80% of the 
patients in this series. This finding represents a signif- 
icant advance in the treatment of critically ill patients 
with recurrent VT. . 

Previous reports on the use of intravenous amiodar- 
one in the treatment of VT have assessed the efficacy 
of amiodarone in providing short-term conversion of an 
episode of sustained VT to sinus rhythm. Benaim and 
Uzan,!? Fauchier et al,9 and Michat et al!° reported 
conversion of VT to sinus rhythm with intravenous 
amiodarone in 6 of 12, 7 of 10, and 8 of 3 patients, re- 
spectively. In our series, episodes of VT usually required 
immediate conversion to sinus rhythm with direct- 
current countershock because of cardiovascular col- 
lapse. The 1 patient in our series (Patient 11) who had 
continuous stable VT for 24 hours did have conversion | 
to sinus rhythm shortly after administration of intra- 
venous amiodarone. Thus, the efficacy of intravenous 
amiodarone is demonstrated both by its ability to con- 
vert ongoing VT to sinus rhythm and by its prevention, 
of further recurrences of VT in patients who had been 
having frequent bouts of life-threatening VT. 

Among the patients treated with 1 or more boluses 
of amiodarone, short-term control of VT was obtained 
in 7 of 8. Among the patients who received a bolus fol- 
lowed by continuous infusion of 600 to 1,000 mg over 12 
to 24 hours, VT was suppressed in 5 of 7. However, be- > 
cause of the uncontrolled nature of this study, no con- 
clusion can be drawn regarding the relative efficacy of 
the bolus technique versus the bolus/constant infusion 
technique in suppressing VT. No deleterious effects 
have been observed in patients receiving a larger dose 
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of amiodarone in the form of a bolus followed by a 
constant infusion, either by itself or in combination with 
intravenous lidocaine, procainamide, or bretylium. 

All patients in this series had depressed left ventric- 
ular function, with an ejection fraction $0.4 in 13 of 14 
patients in whom it was measured and overt congestive 
heart failure in 12. Intravenous amiodarone did not 
result in symptomatic hypotension or a clinically ap- 
parent worsening of congestive heart failure in any pa- 
tient, including the 4 who had acute myocardial in- 
farction. Previous reports have also demonstrated that 
intravenous amiodarone can be administered safely to 
patients with acute myocardial infarction or left ven- 
tricular failure.?-!5 However, hypotension and cardio- 
vascular collapse have been reported as complications 
of intravenous amiodarone.1214 In our series, patients 
with severe heart failure were already being treated with 
dopamine or dobutamine when they received intrave- 
nous amiodarone; this may have masked a worsening 
in hemodynamic status that might otherwise have oc- 
curred due to amiodarone therapy. We recommend 
hemodynamic monitoring whenever possible in patients 
with severe heart failure who are treated with intrave- 
nous amiodarone. Hypotension or an elevation in pul- 
monary capillary wedge pressure may necessitate 
treatment with intravenous sympathomimetic or pre- 
load-reducing agents, or both. 

Although intravenous amiodarone resulted ‘in 
asymptomatic Mobitz I atrioventricular block in 1 pa- 
tient, in no patient did it precipitate high degree atrio- 
ventricular block, includirig the 5 patients who had 
underlying bundle branch block. In the series of Benaim 
and Uzan,!? intravenous amiodarone did not precipitate 
atrioventricular block in 33 patients who had a preex- 
isting bundle branch block. However, 2 cases of infra- 
nodal block precipitated by intravenous amiodarone in 
patients with a preexisting bundle branch block have 
been reported. Thus, patients should undergo con- 
tinuous electrocardiographic monitoring when being 
treated with intravenous amiodarone, especially in the 
presence of an underlying bundle branch block. 

In 3 patients in our series asymptomatic sinus 
bradycardia developed after administration of intra- 
venous amiodarone; however, none had a symptomatic 
sinus pause. This is consistent with the series studied 
by Touboul et al!® in which sinus nodal function was 
assessed in 24 patients before and after a bolus of 5 
mg/kg of amiodarone. They found a mild decrease in 
sinus rate in 12 of 24 patients and a mean increase of 110 
ms in the sinus nodal recovery time in 17 of 24 patients. 


No sinus pauses occurred after intravenous adminis- 
tration of amiodarone. However, in our series as well as 
in the report by Touboul et al, no patient had symp- 
tomatic sinus nodal disease. Thus, the safety of intra- 
venous amiodarone in patients with symptomatic sinus 
nodal dysfunction remains to be determined. 

Our study had 2 limitations. In the majority of pa- 
tients, treatment was continued with 1 or more other 
antiarrhythmic drug administered concurrently with 
intravenous amiodarone. Thus, although these other 
agents had failed to control VT by themselves, an ad- 
ditive effect of intravenous amiodarone cannot be ruled 
out. Second, all patients in whom VT was controlled 
acutely with intravenous amiodarone began treatment 
with daily oral amiodarone shortly thereafter. There- 


. fore, no conclusion can be drawn regarding the duration 


of effect of intravenous amiodarone in suppressing 


VT. 
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Jes i Dobutrex is (}-4-(2-13-(p-hydroxypheny))--methylpropyil 
Aminolethyi}-pyrocatechol hydrochloride. It is a synthetic catecholamine. 
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. The clinical formulation is supplied in a sterile lyophilized form tor intra- 
venous use only. Each vial contains 250 mg of dobutamine and 250 mg of 
mannitol. Hydrochloric acid is used to adjust the pH. The pH of the reconsti- 
ted solution is between 2.5 and 5.5. 


nical Pharmacology: Dobutrex is a direct-acting inotropic agent whose 
imary activity results from stimulation of the beta receptors of the heart 
ile. producing comparatively mild chronotropic, hypertensive, arrhyth- 
mogenic, and vasodilative effects. It does not cause the release of endogenous 
f orepinephrine, as does dopamine. In animal studies, dobutamine produces 
less increase in heart rate and less decrease in peripheral vascular resistance 
for a given inotropic effect than does isoproterenol. 

Inpatients with depressed cardiac function, both dobutamine and iso- 
proterenal increase the cardiac output to a similar degree. In the case of 
dobutamine, this increase is usually not accompanied by marked increases 
“heart rate {although tachycardia is occasionally observed), and the 
cardiac stroke volume is usually increased. In contrast, isoproterenol in- 
reases the cardiac index primarily by increasing the heart rate while stroke 
lume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human 
electrophysiologic studies and in patients with atrial fibrillation. 
Systemic vascular resistance is usually decreased with administration of 
lobutamine. Occasionally, minimum vasoconstriction has been observed. 
“Most clinical experience with dobutamine is short-term— up to several 
hours induration. in the limited number of patients who were studied for 24, 
48, and 72 hours, a persistent increase in cardiac output occurred in some, 
whereas the output of others returned toward base-line values. 

_ The onset of action of Dobutrex is within one to two minutes; however, as 
much as ten minutes may be required to obtain the peak effect of a 
articular infusion rate. 

_ The plasma half-life of dobutamine in humans is two minutes. The principal 
routes of metabolism are methylation of the catechol and conjugation. In 
human urine, the major excretion products are the conjugates of dobutamine 
id: 3-O-methyl dobutamine. The 3-O-methy! derivative of dobutamine is 
inactive. 

Alteration of synaptic concentrations of catecholamines with either reser- 
pine or tricyclic antidepressants does not alter the actions of dobutamine in 
animals, which indicates that the actions of dobutamine are not dependent 
on presynaptic mechanisms. 

Indications and Usage: Dobutrex is indicated when parenteral therapy is 
necessary for inotropic support in- the short-term treatment of adults with 
Cardiac decompensation due to depréssed contractility resulting either 
rom organic heart disease or from cardiac surgical procedures: 
-in-patients who have atrial fibrillation with rapid ventricular response, a 
gitalis preparation should be used prior to institution of therapy with 








Contraindication: Dobutrex is contraindicated in patients with idiopathic 
hypertrophic subaortic stenosis. 


Warnings: 1. /ncrease in. Heart Rate or Blood Pressure —Dobutrex may 
cause a marked increase in heart rate or blood pressure, especially systolic 
pressure. Approximately 10 percent of patients in clinical studies have had 
rate increases of 30 beats/minute or more, and about 7.5 percent have had 
50-mm Hg or greater increase in systolic pressure. Reduction of dosage 
usually. reverses these effects promptly. Because dobutamine facilitates 
trioventricular conduction, patients with atrial fibrillation are at risk of 
Jeveloping rapid ventricular response. Patients with preexisting hyper- 
lension appear to face an increased risk of developing an exaggerated 


i po 
Ectopic Activity — Dobutrex may precipitate or exacerbate ventricular 
opic activity, but it rarely has caused ventricular tachycardia. 


Precautions: 1. During the administration of Dobutrex, as with any adrenergic 
agent, ECG and blood pressure should be continuously monitored. In 
ition, pulmonary wedge pressure and cardiac output should be monitored 
ai atrial possibla to ald in the safe and effective infusion of Dobutrex. 
2. Hypovolemia should be corrected with suitable volume expanders 
before treatment with Dobutrex is instituted. 
|. Animal studies indicate that Dobutrex may be ineffective if the patient 
as recently received a beta-blocking drug. In such a case, the peripheral 
vascular resistance may increase. 
4, No improvement may be observed in the presence of marked mechanical 
truction, such as severe valvular. aortic stenosis... 
- Usage Following Acute Myocardial infarction —Clinical experience “with 
obutrex following myocardial infarction has been insufficient to establish 
the safety: of the drug for this use. The 








have revealed no 
< genic effects due to dobutamine. However, the drug has not been ae 


~ Additional information available to the profession on request 5 


ere is. concern that any agent which 


i ride of paired tartil harm te ihe fetus, orterato- 





administered to pregnant women and should be used only when the expected _ 
benefits clearly outweigh the potential risks to the fetus. pe 
Pediatric: Use~The safety and effectiveness of Dobutrex for use in 
children have not been studied. os 
Drug interactions — There was no evidence of drug interactions in clinical ; 
studies in which Dobutrex was administered concurrently with other drugs, 
including digitalis preparations, furosemide, spironolactone, lidocaine, glyceryl’: 
trinitrate, isosorbide dinitrate, morphine, atropine, heparin, protamine, `. 
potassium chloride, folic acid, and acetaminophen. Preliminary studies. 
indicate that the concomitant use of dobutamine and nitroprusside results: 
in a higher cardiac output and, usually, a lower pulmonary wedge pressure. 
than when either drug is used alone, 


Adverse Reactions: /ncreased Heart Rate, Blood Pressure, and Ventricular 
Ectopic Activity—A 10 to 20-mm increase in systolic blood pressure and an 
increase in heart rate of five to 15 beats per minute have been noted in most 
patients. (See Warnings regarding exaggerated chronotropic and pressor 
effects.) Approximately 5 percent of patients have had increased premature 
ventricular beats during infusions. These effects are dose related. 

Miscellaneous Uncommon Effects ~The following adverse effects have ..: 
been reported in 1 to3 percent of patients: nausea, headache, anginal pain, ; 
nonspecific chest pain, palpitations, and shortness of breath. i 

No abnormal laboratory values attributable to Dobutrex. have been a 
observed. 

Longer-Term Safety- infusions of up to 72 hóurs have revealed } no. 
adverse effects other than those seen with shorter infusions. 


Overdosage: in case of overdosage, as evidenced by excessive alteration: 
of blood pressure or by tachycardia, reduce the rate of administration or 
temporarily discontinue Dobutrex until the patient's condition stabilizes... 
Because the duration of action of Dobutrex is short, usually no additional. E 
remedial measures are necessary. 


Administration and Dosage: Reconstitution and Stability — Dobutrex. is “ee 
incompatible with alkaline solutions and should not be mixed with products...” 
such as 5% Sodium Bicarbonate injection. i 

Dobutrex may be reconstituted with Sterile Water for Injection or 5%: 
Dextrose injection. To reconstitute, add 10 mi of diluent to Vial No. 7051.) 
Dobutrex, 250 mg. If the material is not completely dissolved, add another 
10 mi of diluent. The reconstituted solution may be stored under refrigeration 
for 48 hours or at room temperature for six hours. ee 

Reconstituted Dobutrex must be further diluted to at least 50 mi prior to = 
administration in 5% Dextrose Injection, 0.9% Sodium Chloride Injection; or: 
Sodium Lactate Injection. Intravenous solutions should be used within 24 ae 
hours. are 
Solutions containing Dobutrex may exhibit a color that, if present, wili a 
increase with time. This color change is due to slight oxidation of the'drug, 
but there is no significant loss of potency during the reconstitution time == 
periods stated above. Oe 

Recommended Dosage — The rate of infusion needed to increase cardiac = 
output usually ranges from 2.5 to 10 mcg/kg/min (see table). On rare.” 
occasions, infusion rates up to 40 mcg/kg/min have been required to - 
obtain the desired effect. 


Rates of Infusion for Concentrations of 250, 500, and 1000 mcg/ml 




















Drug Delivery Infusion Delivery Rate E: 
Rate 250 meg/mi* 500 meg/mit 1000 meg/mit 
(meg/kg/min) {ml/kg/min} (mi/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
75 0.03 0.015 0.0075 
10 0,04 0,02 0.01 
12.8 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
$500 mg per liter or 250 mg per 500. mi of diluent 
$1000 mg per liter or 250 mg per 250 mi of diluent 


The rate of administration and the duration of therapy should be adj usted: 
according tothe patient's response, as determined by heart rate, presence: 
of ectopic activity, blood pressure, urine flow, and, whenever possibi 
measurement of central venous or pulmonary wedge pressure and cardia 
output. 2 

Concentrations up to 5000 meg/mi have been administered to human 
(250 mg/50 mi). The final volume administered should be determined. br 
the fluid requirements of the patient. 


How Supplied: Vials Dobutrex® (dobutamine hydrochloride, Lilly), for in a 
jection (lyophilized), equivalent to 250 mg dobutamine, 20-ml size, rubber” 
stoppered, in packages of 1. aE E T apg es: 



















él nly and Company : 
_TPaianapolis, indiana 46205, 





Advancing » 


Phased Array Ultrasound 
for the Pease Cardiologist 


—Major technology advancement 
now available in the 3400R. 

Rapid change in cardiac ultrasound has 
brought confusion, growth and uncer- 
tainty over the last six years. Technological 
change is continuing to bring innovation 
and improvements in image quality, 

image processing, digital M-mode, doppler 
and quantitation. 

Diasonics Cardio/Imaging (formerly 
Varian Ultrasound) is proud to introduce 
a major new development...a develop- 
ment which brings order to change and an 
end to uncertainty...a new concept in 
phased array ultrasound: System 
Modularity. 

This computer based modular phased 
array system and its unique modules 
bring to new and < me 
existing 3400R 
customers the ability 
to both purchase 
and to maintain a 
state-of-the-art sys- 
tem...a system that 
does not grow 
obsolete. 

Diasonics 
Cardio/Imaging’s 
3400R is the proven 
leader in 2-D echo- 
cardiography, and 
has a long history 
of success... success | 
that is worthy of the 
advancing cardiologist. The 3400R, an 
imaging system... 





It’s Where Imaging Is Going... 


phaea cose e m e e m m ame oak =e eer | 
I'd like to know more about: 
O 3400R Phased Array Systems 


O CardioVue 100 Mechanical Sector 
Systems 


O Cardio ReVue Center 


Nane__ ee 


Institution. aaa 


Department —____________. 
Address EE 


City, State & Zip 


(formerly Varian Ultrasound) 

For further information contact: Diasonics Cardio/Imaging 
2341 South 2300 West Salt Lake City, Utah 84119 

(800) 453-8412 or 453-8413 





Telephone —___ 
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| CHAIRPERSON 
| DEPARTMENT OF 

| THORACIC-CARDIOVASCULAR 
s SURGERY 


Nassau Hospital, a 533-bed teaching hospital of 
‘SUNY at Stony Brook is seeking outstanding candi- 
dates to chair its cardio-thoracic department. Ap- 
plicants should have demonstrated clinical, teach- 
ing and administrative skills as well as proven re- 
search productivity. Senior academic rank prefer- 
red (Professor or Associate Professor of Surgery). 
The department conducts a fully approved open 
heart program anda large volume of thoracic and 
vascular surgery is performed. There are hospital- 
-supported fellowship positions and an opportunity 
. for research activities. Send CV to John F. Aloia, 
- M.D., Professor of Medicine, Chairman, Search 
- Committee. 


-NASSAU HOSPITAL 


259 FIRST STREET 
MINEOLA, LONG ISLAND, NEW YORK 11501 
An Equal Opportunity Employer MIF 


























































-HOUSTON—-POSITION AVAILABLE FOR BOARD CER- 
TIFIED OR ELIGIBLE CARDIOLOGIST. Accredited 67- 
physician internal medicine group. For further information, 
Send Curriculum Vitae to Administrator, Diagnostic Clinic 
of Houston, 6448 Fannin, Houston, Texas 77030. 











ATTENDING 

PEDIATRIC CARDIOLOGIST 

Assistant Professor of Pediatrics, University of Illinois 
Hospital Chicago. MD degree certified or eligible in Pe- 
diatrics, completing or completed fellowship pediatric 
cardiology. Duties include cardiac catherization, patient 
Care, teaching and research. Contact Elizabeth Fisher, 
M.D., Professor, Clinical Pediatrics, Director Pediatric 
Cardiology, 840 South Wood, Room 1205 HA, Chicago, 
IL 60612. The University of Illinois is an affirmative action 
‘equal opportunity employer. 













PROFESSIONAL RESUME SERVICES, 1125 SOUTH CEDAR 
CREST BOULEVARD, ALLENTOWN, PENNSYLVANIA 
18103. CV PREPARATION FOR PHYSICIANS. PROMPT, 
CONFIDENTIAL. CALL OR WRITE FOR INFORMATION. 
(215) 433-4112. ie 
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| Laragh’s 


C price is $57.00 and prepayment or credit card number is required. 





, eager ly mvuited 
new book on the silent killer 
TOPICS IN 
HYPERTENSION 


Edited by ae 
John H. Laragh, MD 
Master Professor of Medicine 
Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 
Hospital-Cornell Medical Center 
644 pages. 36 chapters by 85 
internationally known spe- 
cialists. [Hustrated. Compre- 
hensively indexed. $49.00. 
Available on 30-day approval, 





High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- f 
formed physician can do more and more about it in his _ 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies, 


Laragh’s TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician, 
It presents a carefully selected array of discussions. ‘It 
deals in-depth with recent breakthroughs in understand- | 
ing, diagnosing, and treating this problem. 


This. book is conveniently organized for effective consuls : 
iation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


Section 2 deals with new physiologic approaches to 
diagnosis. 

* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recently intros. E 
duced modes of therapy. These new agents presage the $ 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. k 

EO A L OL TTT TTT TT 


YORKE MEDICAL BOOKS AICAS I 
Box 0-757, Brooklyn, New York 11205 Cop 
Send me, on approval, oos copies of Laragh's TOPICS o i : 
IN HYPERTENSION at $49.00. | will consult and read this new : 





manual for 30 days, then remit only ifi consider ita necessary 
addition tomy library. Otherwise | will return it without further. 
obligation. legal 











LI Send bill, plus shipping cost, oe 
Li Payment herewith, Publisher pays shipping. Same return ` pi I i 
privilege. í oo 

| Charge my MasterCard «| Visa oa 

LI Card No. Exp, date wi at 4 : 
NAME ii E OS E N T 
State i i M 

Please add Sales Taxin N.Y. State, Outside Western Hemisphere I 
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Innovative - 


Mechanical Sector Scanner 
for the Innovative Cardiologist 


An Innovation is the introduction of some- 
thing new. The combination of intelligent 
thought creatively applied with advanced 
technology produces positive change. 
You provide the first element of that equa- 
tion and Diasonics Cardio/ Imaging (former- 
ly Varian Ultrasound) provides the second. 
Designed around a powerful main frame 
computer, the CardioVue 100 is the most 
technologically advanced mechanical sec- 
tor scanner available today. Designed to 
meet the imaging requirements of the 
most demanding cardiologist, the Cardio- 
Vue 100 is the only mechanical sector 
imaging system of modular design that 
offers both simultaneous real-time M-mode 
and steerable simultaneous pulsed and 
continuous wave doppler. Compact, light- 
weight, and easy to use, the CardioVue 100 
has been designed to succeed in meeting 
a wide variety of 
applications includ- 
ing cardiac small 
parts, peripheral 
vascular and neo- 
natal imaging. 
Diasonics has 
built its reputation 
on delivering the 
best images in real- 
time ultrasound, and 
we further enhance 
that reputation with 
the CardioVue 100. 
Clearly, the 
CardioVue 100 
imaging system is an innovation that 
anticipates the future of cardiology... 


It’s Where Imaging Is Going... 
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I'd like to know more about: 
© 3400R Phased Array Systems 


O CardioVue 100 Mechanical Sector 
Systems 


O Cardio ReVue Center 





Namne_____ 
Institution ____ 
Department ——_______ 


Address ____$_$_____.._______ 


(formerly Varian Ultrasound) 

For further information contact: Diasonics Cardio/Imaging 
2341 South 2300 West Salt Lake City, Utah 84119 

(800) 453-8412 or 453-8413 L----- Sih oe ee a i ioikansaseeke eee ues 


City, State & Zip ————_——— 


a teats | 


Telephone —______________ 





CARDIOLOGY: 
1982 


The Second Issue of the New Annual providing 
a multidisciplinary approach to the latest, most 
important information on the state- of-the- 

art of cardiovascular medicine and surgery 






written by: 


William C. Roberts, M.D. Mary Allen Engle, M.D. 
Chief, Pathology Branch/National Heart, Stavros S. Niarchos Professor of Pediatric 
Lung & Blood Institute/National Institutes of Cardiology/Director of Pediatric Cardiology/ 
Health/and Clinical Professor of Pathology The New York Hospital-Cornell University 
& Medicine (Cardiology)/Georgetown Medical College , New York 
University School of Medicine, 
Washington, D.C. Lawrence H. Cohn, M.D. 
Dean T. Mason, M.D. Professor of Surgery/Harvard Medical 

“8 a School/Department of Surgery/Division of 
Professor of Medicine and Thoracic & Cardiac Surgery/Brigham & 
Physiology, and Chief of Women's Hospital, Boston 
Cardiovascular Medicine, University 
of California, Davis School of ISBN 0-914316-27-3 approx. 500 pp., illus., 


Medicine and University Medical 
Center, Davis and Sacramento, California 


What is CARDIOLOGY 1982? 


e | he second in an annual series to be published in the 
SPRING each year 


® A review of the year’s newest and most important 
developments in cardiology — 665 papers 

eA multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year’s 
literature 

@ A unique, cohesive summary of the state-of-the-art, 
written, not edited, by those making outstanding 
developments in the field 


® A practical approach to a complicated and fast-moving 
subject designed to be read and used daily 


ol ail 1971 CARDIOLOGY:1982 is NOT 

® A collection of unrelated reviews 

® An abstracting service 

® A rehash of materials readily available elsewhere 


April 1982, $45.00 ISSN 0275-0066 
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SPECIAL O YES, please enter my standing 

order for CARDIOLOGY: 1982. | un- 

DISCOUNT OFFER derstand that each edition (published 
Place a standing order to receive each once a year) will be automatically 
edition of CARDIOLOGY: 1982 on 30 shipped to me on 30 day approval, and 
day approval and receive a 10% dis- | will receive a 10% discount on this 
Count on this and all future editions. and all future editions. (1982 edition 


discount price $40.50) 
Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCA3 


O Please send mea Copy of the 1982 edition at the full price of $45.00. | do not wish to place a 
standing order. 


DO Enclosed is my check for —. Yorke pays postage and handling. 
(Same return privilege) 


(New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U.S. and Canada.) 





O Please bill my O VISA O MasterCard (same return privilege) 
Exp. date Card No. Š M/C Interbank No. 


O Please bill me plus postage and handling (U.S. and Canadian orders only) 








Name 





Address 









KREMERS-URBAN COMPANY 
P.O. Box 2038 Milwaukee, WI 53201 





City/State/Zip 
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Works one night at a time... 
from the first night., 


RES k ORI L Oi 


(temazepam) 
lypnotic action vt ay siesta Se accumulation 


Please turn page for prescribing informat 


“oo pam) is in 
“with com sulty.in falling asleep, frequent 
nocturnal awakenings, and/or-early morning awaken- 
‘ings, Since insomnia is often transient and intermit- 
tent. the prolonged administration of Restoril is gen- 
erally not necessary or recommended, Restoril has 
been employed for sleep maintenance for up to 35 
consecutive nights of drug administration in sleep lab- 
oratory studies. 

The possibility that the insomnia may be related to a 
condition for which there is more specific treatment, 
should be considered. 

CONTRAINDICATIONS: Benzodiazepines may 
cause fetal damage when administered during preg- 
nancy. An increased risk of congenital malformations 
associated with the use of diazepam and chlordiaz- 
epoxide during the first trimester of pregnancy has 
been suggested in several studies. Also. ingestion of 
therapeutic doses of benzodiazepine hypnotics durin 

the last weeks of pregnancy has resulted in neonata 
CNS depression. Restoril is contraindicated in preg- 
nant women. Consider a possibility of pregnancy 
when instituting therapy or whether patient intends to 
become pregnant. 

WARNINGS: Patients receiving Restoril (temaze- 
pam) should be cautioned about pe e combined 
_ effects with alechol and other CNS depressants. 

RECAUTIONS: In elderly and or debilitated 

¿į patients, it is recommended that initial dosage be lim- 
ited to 15 mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is 
any evidence of latent depression: it should be recog- 
wed that suicidal tendencies may be present and pro- 
tective measures may be necessary. 
If Restord is to be combined with other drugs hav- 
ing known hypnotic properties or CNS-depressant 
effects, due consideration should be given to potential 
additive effects. 
Information for Patients: Patients receiving Restoril 
should be cautioned about possible combined effects 
with alcohol and other CNS depressants. Patients 
should be cautioned not to operate machinery or drive 
a motor vehicle: They should be advised of the possi- 
bility-of disturbed nocturnal sleep for the first or sec- 
ond night after discontinuing the drug. 
Laboratory Tests: The usual precautions should be 
observed in patients with impaired renal or hepatic 
function. Abnormal liver function tests as well as blood 
dyscrasiashave been reported with benzodiazepines. 
Pregnancy: Pregnancy Category X. See Contraindica- 
Hons. 
Pediatric: Use: Safety and effectiveness in children 
below the age of 18 years have not been established. 
ADVERSE REACTIO! The most common 
adverse reactions were drowsiness, dizziness and leth- 
argy. Other side: effects include confusion, euphoria 
relaxed ‘feeling.’ Less commonly reported were 
weakness... anorexia and diarrhea. Rarely reported 
were. tremor. ataxia. lack of concentration, loss of 
equilibrium, falling and palpitations. And rarely 
reported were hallucinations, horizontal nystagmus 
and paradoxical reactions, including excitement. stim- 
ulation and hyperactivity. 

Restoril is a controlled substance in Schedule IV. 
Caution must be exercised in addiction-prone individ- 
uals or those who might increase dos 
DOSAGE AND ADMINISTRATION: Adults: 30 mg 
usual dosage before retiring: 15 mg may suffice in 
some, Elderly and/or debilitated: 15 mg recommended 
initially until individual response is determined. 
SUPPLIED: Restoril (emazepan) capsules--15. mg 
maroon and pink, imprinted “Restori 15 mg”: 
© 30 mg, maroon and blue, imprinted “RESTORIL 

+30 mg”. Packages of 100, 500 and ControlPak® pack- 
‚ages of 25 capsules (continuous reverse-numbered roll 
ofsealed blisters). SDZI- 159 


Before prescribing, see package insert for full product 
information. 
References: 
AL Schwarz HJ: Br J Clin Pharmacol 8:23s, 1979: 
Mean of 7 patients through 5days of therapy pro- 
jected to 14 days. Data on file indicate that steady- 
state values for plasma concentrations are reached 
by day 2.or3. 
2: Sleep lab studies. on patients who received 
RESTORIL capsules for up to 27 consecutive 
nights indicate that steady-state plasma concentra- 
tions.are achieved by the second or third night. 
Data orn file Sandoz Pharmaceuticals. 
3. Pishkin Vet al: J Clin Psychiatry 4/:358, 1980. 
ood: Roth T, etal: Br DClin Pharmacol 8:47, 1979: 
$.Dataon file, Medical Department, Sandoz 
coo. Pharmaceuticals, ooi °: aoe se 
6. Kapla rm Sci. 62:1932, 1973. Mean 
hrough I4d £ 












































































































































































e knowledge of world-renowned specialists to help _ 


you understand, diagnose, and manage infections 
which strike patients with: = = i 


Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / 


INFECTIONS 
IN THE ABNORMAL HOST 


Edited by Michael H, Grieco, M.D, 
Text by 47 Specialists, Hlustrated with 147 
Drawings and Photos, 78 in Full Color 


infections inthe Abnormal Host discusses 
in 36 revealing chapters the mechanics 
of host defenses ... the various under- 
lying disorders and the latest treatments 
by chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand, 


diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 





Check this list of chapters 
PART} HOST DEFENSES 


* introduction to the Abnormal Host and Complicating Infections + The 
Neutrophil. in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities + The Complement System in Human Disease + Structure and 
Function of immunoglobulins » Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions « Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function + Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction « Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to-Nosocomial Infections « The Effects. of Malnutrition on 


Host Responses and the Metabolic Sequelae of Infections e Humoral.and ` 


Cellular Responses to Infection 


PARTIE INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


+ Pyogenic Bacterial infections + Higher Bacterial and Fungal Infections « 
Mycobacterial infecticns » Viral and Chlamydia! infections » Protozoal 
and Helminthic (nfections » Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host » Infections in Parenteral Narcotic 
and Drug Abusers « Infections Complicating Uremia and Organ Trans- 
plantation + Infections in Patients with Neoplastic Diseases « Infections 
Complicating Diabetes Mellitus « Diagnosis and Treatment of Diffuse 
Pneumonias + Host Deficiency States and Central Nervous System Infec- 
tions + Genitourinary Infections + Infections Complicating the Rheumatic 
Diseases + Endovascular and Prosthetic implant Infections « Intraocular 
Manifestations. of Systemic Infections » Selected Histopathologic Respon» 
ses « The Microbiology Laboratory in Diagnosis and Therapy + Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Ili MANAGEMENT 


¢ Antimicrobial Therapy in the Compromised Host: Resistance, Pharma- 
cology. and Toxicity e Chemotherapy for Viral and Chiamydial infections + 
Chemotherapy for Protozoal and Helminthic Infections + Infection Preven- 


Hepatic Insufficiency / Allograft Transplantation, etc, 



































tion in Patients with Cancer and Granulocytopenia » Immunologic Re- 


constitution * Gamma Globulin and Vaccine Therapy « Index 


Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCA3 


Please send, on approval, copies of INFEC- 
TIONS IN THE ABNORMAL HOST, edited by Michael 
H. Grieco. | will be free.to read and consult the book in 
any and all relevant situations for 30 days. if |! am not 
convinced it is a valuable professional tool, | will return 
it and:owe nothing. Otherwise | will remit $79.95. 


[C] Send invoice, plus shipping 

C] Payment enciosed, publisher pays shipping (same return 
privitege) 

CI Charge my credit card C] MasterCard C] Visa 











Card Né maerens Expiration date. 





(please print) 





aa State 


s include sales tax. Outside Western Hemisph 






















HYPERTENSION 


Iterations in Left Ventricular Filling With 


Beta-Adrenergic Blockade 


AT M. FOUAD, MD, MAREK J. SLOMINSKI, MD, ROBERT C. TARAZI, MD, an 


E H. GALLAGHER, PhD 


Cardiac effects of beta-adrenergic blocking drugs 
epresent a balance between depression of myo- 
cardial function and relief of pressure load. To de- 
‘mine the relative importance of each, cardiac and 
mamic indexes were measured by radio- 
technique (technetium-99m-—human serum 
albumin) in 21 patients treated with either me- 
(n = 8) or nadolol (n = 13) for 1 month. No 
gnificant difference was found between the 2 

_ groups, and the results were pooled. Cardiac output 
_was significantly (p <0.01) and equally reduced in 
sponders and nonresponders (—0.96 versus 

— 1.33 liters/min, difference not significant [NS]), 
and ejection fraction was not altered significantly 


Most studies of the cardiac effects of beta-adrenergic 
king agents have dealt with their effects on the 
systolic phase of the cardiac cycle; these were assessed 
by measurements of cardiac output,' the first deriv- 
e of left ventricular pressure (dP/dt), or ejection 
fraction.°6 However, the diastolic part of the cardiac 
cycle was recently shown to be an important determi- 
nant of cardiac function.’ Adrenergic factors have been 
found to influence this phase markedly by their effect 
-on ventricular relaxation. We therefore analyzed the 
effect of beta-adrenergic blockade on diastolic filling of 
the heart in hypertensive patients. All were given only 
beta-blocking agent, and patients with good blood 
ure response were compared with those whose 
pressure was not changed in order to evaluate the 

tive importance of both variables: reduction of af- 


id, and cardiac effects of beta-adrenergic’ 


7 uthe: Research Division, The Cleveland Clinical Foundation, 
Cleveland, Ohio. This study was supported in part by grants from the 
National Institutes of Health, Bethesda, Maryland, Whitaker Foundation, 
‘Be Massachusetts, and the American Heart Association-Northeast 

: eveland Ohio. or eee received. May 11, bed revised 


in either. The main changes with treatment 
observed in the left ventricular volume cur 
sponders maintained the same ejection ve 
despite beta blockade and had a more rapid ez 
ventricular filling rate (p <0.05). In contrast, ni 
responders had a reduced velocity of ejecti 
<0.01) and a slower rate of ventricular fill 
<0.01), suggesting either altered relaxation re 
decreased left ventricular compliance. Thus, | 
adrenergic blockade can significantly alter 
tricular diastolic function, but these effect 
overshadowed by blood pressure redu 
sponders. 


Methods - 


The study included 21 patients with essential hyi 
(4 women and 17 men) who freely consented to 
gation, which was explained. to them in detail. 
formed consent both to the drug used and to the 
quired. ‘All patients were either untreated or had discontinu 
previous medications (including vasodilators, methyldop. 
beta-blocking agents, and diuretics, alone or in combin. 
for at least 3 weeks. In all, the diagnosis was establishee 
careful examination or by tests for possible causes of se 
dary hypertension and evaluation of target organ involvemer 
as described in detail previously.” Their ages ranged fror 
to 55 years. Only 1 had history of coronary artery dise 
had previously undergone coronary bypass surgery but hz 
no symptoms postoperatively, no signs of myocardis 
tion, and no evidence of left ventricular dyskinesi 
patients had electrocardiographic signs of left vent 
hypertrophy. 

Protocol: Patients were studied before and after i ( 
of beta-blockade therapy. All tests were done in the mori 
after an overnight fast and 30 minutes’ supine rest. ‘Each: 
included measurement. of blood pressure (sphygmom 
nometer cuff) heart rate (lead II electrocardiogram), to! 
blood volume? (RISA), cardiac output! ®t (radionu 
technique), and ejection fraction! (gated blood pool 
nique). After these tests, hese was started with either t 


































































ere obtained i in duplicate from the first- pass radionu- 
, study using technetium-99m—human serum albumin (4 
and 8 mCi, respectively). Details of the method and its vali- 
ation were previously reported.!11.13 Derived data were 
alculated from these measurements and from simultaneous 
lood pressure and heart rate values using standard formulas. 
Thus, mean ‘arterial pressure, total peripheral resistance, 
ardiac index, stroke volume, and cardiopulmonary volume 
re obtained. 

Left ventricular volume curves and ejection fraction were 
tained by imaging (gated blood pool technique) during the 
uilibrium phase after the first-pass study, making use of the 
ne circulating radioisotope. The left ventricular volume 
ve was then analyzed (PDP-15 system) to measure ejection 
‘raction, maximal rates of left ventricular ejection (negative 
V/dt), and filling (positive dV/dt) as explained previously 





Sais of left ventricular volume curves: Left ventricular 
ction fraction was calculated as follows: left: ventricular 
nd-diastolic counts — left ventricular end-systolic counts/left 
entricular end-diastolic counts. 

_ For rates of ejection and filling (Fig. 1), Fourier analysis was 
pplied to fit a curve to the data points (16 in our system) by 
he method of least squares; the time derivative of the curve 
was computed with use of the Fourier transform technique 
as a global estimate of the tangent to the curve at each data 
joint. Since this curve represents the radioactivity counts as 
mathematical function of time, the derivatives were ex- 
essed in counts per second. The negative derivatives cor- 
jponded to the decrease in counts or ejection phase, and the 
sitive derivatives corresponded to the increase in counts or 
illing phase. In this analysis we looked at the largest negative 
d maximal positive derivatives. These derivatives were 
ealed by the maximal absolute counts equivalent to the 
nd- diastolic counts to compensate for variation in injected 
lose and efficiency of the acquisition system. In this way it was 
ossible to compare data from different patients. The units 
f these new variables were therefore expressed in units of 
ractional change per second or hertz. Since these variables 
re proportional to the change in volume per unit time, they 
ve been termed dV/dt. 

The filling phase was further analyzed (Fig. 2) to measure 
he fast filling fraction (FF) and the slow filling fraction (SF) 
ya modification of the index described by Reduto et al’: FF 
(ffe — ESc)/ffe = fast filling fraction and SF = (EDs — 
fc)/EDc = slow filling fraction, where ffe is the junction be- 
een the fast filling and the slow filling phases, ESc = end- 
ystolic counts, and EDe = end-diastolic counts. 

_ Statistical analysis: Calculations of averages, paired and 
paired t tests, correlation coefficients, and statistical sig- 
ificance of results were performed by standard methods. 16 
alues reported are mean + standard deviation of the mean. 
rences were considered statistically significant when p 





Results 


Pretreatment hemodynamic characteristics: The 
1emodynamic pattern showed a wide spectrum of 
rariations. Cardiac output ranged from 3:5 to 7.8 li- 
ers/min (normal for the laboratory 3.8 to 7.6 liters/ 
min), heart rate ranged from 49 to 100 beats/min, and 
lood pressure varied from 89 to 145 mm Hg. Ejection 
raction was normal in all (46 to 73%, normal for the 


study: Cardiac output and mean transit o 


aboratory 46 to 73%) except 3 patent) in whom H was 
44. i hi = total peripheral resistance. 





ets /sec. 
1 > 1821 
2> -15977 
3> ~31067 
4> -28731 
5> 21162. | 
6> ~9094 
7> -2035 
8> 6667, 
9> 21436 
10> 26793. 
11> 1868) 
12> 6495 
13> 414 
14 > 3517 
15> 1912 
16 > 10330 ... 


~ CALCULATION OF g 


EF = 0.53 


HR=55 





0 O21 043 065 087 109 
TIME (secs) 


FIGURE 1. Left ventricular volume curve (technetium-99m-human ie 
serum albumin, gated blood pool technique) in a normal volunteer il- 
lustrating the calculation of positive and negative dV/dt. The counts per 
second (cts/sec) indicate the derivatives at each of the 16 data points 

on the curves (Fourier analysis) before normalization for end-diastolic 
counts. EF = ejection fraction; HR = heart rate. 








å 

wn 

e EDC 
pe] 

8 ft 

> 

ond 

ESC 
auae ol 
TIME 


FIGURE 2. Left ventricular (LV) volume curve: schematic illustration ZË 
of FF and SF fractions. See text for details. EDC = end-diastolic counts; 
ESC = end-systolic counts; ff = counts at end of fast filling phase. 


TABLE! Hemodynamic Changes During Beta-Blockade 














Therapy in Responders es 
Metoprolol (n= 5) Nadolol (n= 7) 00 
ntrol t Month Control onti 
‘strane ttmertemteenataemernaneresanretanonbaninnesnenitdaiintsemitemtttrnmenmnmwnremermntirenrelneratnienunanunnpmnnndinnnnnninanuraneununnninateuinntiniaaatnndsnnuniemunnndmnindemnnmannneonthihitinniin 
HR (beats/min). 75 +4 5847" 74412 ‘dk 
MAP (mmHg) 121421. 102418" 1154.14 
CO lliters/min) 5.6241.7 484.10" 53+ 1.0 
SV (mi) 74422 822+ 14 72 & 10 
TPR (units?) 438420 45414 444.13 
MTT (s) 8441.1 9.84197 8.61.8 
EF (%) 5246 §2+7 48 +8 
~dV/dt (Hz) 2640.5 2.34 0.5 2.5 + 0,5 
+dV/dt (Hz) 2.4 +05 2740.2 2.3 + 0.7 








Je 





* p <0.01; tp <0.05. “er, 
Values are means + standard deviation. Differences in rest ) 
beta blockade with the 2 drugs were not Statistically signitica 
cardiac output, EF = = ejection fraction; HR = heart rate: MAI 
arterial pressure; MTT = mean transit smes SV = str 









Hemodynamic Changes During Beta-Blockade 
Therapy in Nonresponders 


-Metoprolol (n = 3) 
Control 1 Month Control 1 Month 


7O+27 584 14* 8449 59 + 6* 
122414 119+ 18 
5. 





Nadolol (n = 6) 





Tbeata/eany 
AP {mm Hg) 
CO enim) 


01 
ś are means + standard deviation. No statistically significant 
ances were found in the response to beta blockade with the 2 
drugs. Abbreviations as in Tablet. 


E lil: Effect. of Beta Blockade on Systemic Dynamics 
: in Responders (n = 12) 





HR (beats/min 
AP (mmHg) 
CO (liters/min) 
TPR (units-m?) 

EF ein 


falues are means + standard deviation. NS = not significant; Rx = 
tment; other abbreviations as in Table |. 





“TABLE IV. Effect of Beta Blockade on Systemic and 
; Cardiac Dynamics in Nonresponders (n = 9) 








Values are means +t standard deviation. Abbreviations as before. 


ABLE VEffect of Beta Blockade on Ventricular Volume 
Curve (Rate of Ejection = —dV/dt and Rate of 
` Filling = +dV/dt) 


Before 
Rx 





After 1 month of apy 12 3 patiente ic yon 
had a decrease in blood pressure to <140/90 mm Hg 
with nadolol and 5 with metoprolol); the others (9 
tients) showed little or no response and were consid 
nonresponders. The hemodynamic characteristics 
response were as previously described in 2 larger s sẹ- 
ries.®1? With either drug, heart rate and cardiac | 
decreased and mean transit time was prolonge 
responders and nonresponders. Total pe iphe 
sistance increased in the nonresponders b 
unchanged despite the decrease in output in respo 
Moreover, in both responders and nonrespo: 
initial heart rate correlated significantly w 
slowing of heart rate during treatment (r = = 
—0.85, respectively, p <0.01 for both), and the in 
cardiac output correlated with reduction 
output during treatment (r = —0.76 and - be 
spectively, p <0.05 for both). 


showed no statistically significant differen 
modynamic changes induced by treatment, i 


The results with both beta- blocking agen 
therefore pooled (Tables HI and IV). The 2 g 

similar reduction in heart rate (75 + 9 to 58. b 
min in responders and 79 + 16 to 58.+ 9 beats/mi 
nonresponders, p <0.01 for both). The effect of 
blockade on left ventricular ejection and filling rates 
evaluated from the changes recorded in neg 
positive dV/dt and in the fast and slow filling fi 
(positive dV/dt, FF and SF, Table V). Res 
showed no significant. change in the rate of eject 
while nonresponders had significant slowing of negati 
dV/dt. Left ventricular filling was also altered diffe: 
ently in responders and nonresponders. In respo: e 
the velocity of filling in early diastole (fast filling fra 
tion, FF) was increased. There was, therefore, a! 
period of diastasis because of both the slower hear 
and the increased FF; this possibly accounted for 
slower rate of filling found in the latter part of dias 
(slow filling phase, SF). In nonresponders, on the 
hand, peak left ventricular filling rate (positive d 
and FF slowed during treatment while changes 
were not significant. 


Discussion 


A significant difference was found in the effect of beta 
blockade on left ventricular filling rate in patients w Ose 
blood pressure was reduced by treatment and those w! 
showed no appreciable blood pressure response. 
fective beta blockade was manifested in both gr 
slowing of heart rate, reduction in cardiac out 
prolongation of mean transit time (Tables I] an 
the changes in both groups were statistically signific 
from control values but not statistically different fro 
each other. As in our previous experience, total 
ripheral resistance did not change significantly i in the 
whose blood pressure decreased while it increased 
those with no blood pressure reduction*: I 
to both oe and nadolol (Tabl 

beta 


















































: arterial pressure. Thus, peak left ventricular ejection 
ate (negative dV/dt) was reduced by beta blockade 
when blood pressure was unchanged (nonresponders). 
Mm the other hand, negative dV/dt was not significantly 
changed despite the beta-adrenergic blockade when 
essure was reduced, possibly because this reduction 
counterbalanced the negative inotropic effect of the 
lockade. Similar changes were seen in ventricular 
lling; peak left ventricular filling rate (positive dV/dt) 
peeded up.in responders but slowed in nonresponders. 
is was associated with a reduction in SF in respond- 
rs, probably because of the prolonged diastasis, 
whereas changes in SF were not significant in nonre- 
sponders. Thus, the effects of beta blockade on left 
entricular filling were more apparent when not coun- 


raction in late diastole (SF) was altered in opposite 
direction to the rapid filling phase; it was slowed when 
apid filling rate and fraction increased and was slightly 
increased when rapid filling was slowed. 

-Since no factor other than blood pressure differed 
significantly in responders and nonresponders, one may 
conclude that the slowing of ejection rate and FF in 
nonresponders represents the effects of beta blockade 
on cardiac dynamics. Beta blockade was reported to 
influence the hypertrophic response of the heart!®-!9 and 
blood vessels!® to hypertension. It might be tempting 
to speculate whether the improvement in rapid filling 
ould be related to myocardial compositional changes. 
However, the time period involved, as well as the du- 
tation. of hypertension in our patients, made this hy- 
pothesis unlikely. More relevant is the reported obser- 
vation of adrenergic influences on left ventricular re- 
laxation. It has been postulated that sympathetic 
timulation increases the rate of relaxation®, to the ex- 
tent that the rate of relaxation can influence the rate of 
illing,’ it is possible that beta blockers might lead to 
lower filling of the left ventricle because of slower re- 
laxation. 

The hemodynamic consequences of a slower left 
entricular filling might be important. Guazzi et al?! 
eported that patients who had no blood pressure re- 
sponse to beta blockade had an increase in pulmonary 
wedge pressure, whereas those with a decrease in blood 
ressure and total peripheral resistance showed a de- 
tease in pulmonary wedge pressure. These observa- 
ions appear to agree with our findings of slowed left 
ventricular filling rate in nonresponders. 

ally, one may wonder whether the slower filling 
te might not itself influence the adaptation of total 
ripheral resistance to the reduction in cardiac output 





ristics were e markedly influenced. by the behavior of. 


erbalanced by a reduction in pressure load. Filling 





during beta-blockade therapy. There are no data to 


support this hypothesis, but it does agree with some of 

the theories advanced? to explain the antihypertensive: 
effects of beta-adrenergic blocking agents. Future 
studies to determine simultaneously left ventricular 
pressure and volume changes might add to our under- < 
standing of the effects of beta-blocking agents on cate, ee 
diac function. 
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tra as scular Volume, Extracellular Fluid Volume, and Total 


terial blood pressure, plasma volume, ex- 

ellular and interstitial (IFV) fluid volumes, and 

otal and intracellular (IBW) body water were 
aluated in 50 men: 16 obese hypertensive pa- 
ents, 16 nonobese hypertensive patients, and 18 
iormal subjects of similar age. In obese hyperten- 
sive subjects, the IBW/IFV ratio was significantly 
increased (p <0.01) in comparison with both control 

J ote and nonobese hypertensive patients. After 


bese. hypertensive patients, a reduction of body 
appears to lower arterial blood pressure.! How- 

ver, the underlying mechanisms are still poorly un- 
‘derstood. Some observations suggest that the decrease 
sodium intake that is concomitant with weight loss 
he major factor contributing to a decrease in blood 
ressure.” On the other hand, Reisin et al? have shown 

t tha subjects who were losing weight had lower blood 
sstire than did control subjects, despite nearly 
ivalent, uncontrolled high sodium intake in both 
ups. However,.in all these studies, the effects of so- 

im intake and body weight reduction on blood pres- 
were considered as being independent of each 

er. This interpretation is surprising since the changes 


ent direct effects on fluid volumes, thus modifying the 
lood pressure regulation. 
‘or this reason, in the present study intravascular, 
xtracellular, and intracellular fluid volumes were 
pared in nonobese and obese hypertensive patients. 
e latter group fluid volumes were investigated be- 
and after weight reduction, using a low calorie diet 
vith moderate sodium intake. 


Methods 


tients: The study was performed in 50 men: 18 normal 
.and 32 patients with sustained essential hypertension. 
ange was 20 to 60 years in both groups. The 50 men 

è untreated or had their therapy discontinued at least 4 
éfore the study. During this period, they maintained 
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1981; evised Menusenipt received duly 27, 1982, accepted 

8: ; 


body weight reduction, blood pressure (p < 
heart rate (p <0:05), and the IBW/IFV 


fluid pein ics related to a shift of fluid volume fro 
the intracellular to the interstitial space. Thus, 


content, causing an altered partition between tt 
intracellular and the interstitial Spaces. — 


their weight within a 2 to 3 kg range. All were hospitalized fe 

6 days on a 90 mEq/day sodium diet. On the basis of weight, 
sodium, and urinary output, a steady sodium balance was 
assumed. nee 

Subjects were considered normal when, on the basis of 
clinical and biologic investigations, they had a consta 
stolic pressure of <90 mm Hg..Patients were consider 
have had essential hypertension when diastolic pres: rer 
peatedly measured by indirect method was- >100 m 
during the untreated ambulatory period. Blood pressu 
terminations were done using both a normal-sized (1 
cm) and a large pressure cuff (according to degree of obesit: 
thus excluding borderline hypertension in obese patients: 

Investigations included measurements of blood and urinary 
electrolytes, creatinine clearance, fasting. blood. sugar, an 
serum cholesterol and triglycerides, liver function tests, 
nary catecholamine determinations and timed intrav 

pyelography. The 32 hypertensive patients were all diag 
as having moderate essential hypertension. Patients who ha 
diabetes mellitus requiring insulin, cardiac disease, alcoho 
ism, drug addiction, or psychiatric problems were exclud 
from the study. The mean creatinine clearance rate was 97 
9 ml/min/1.73 m? (+1 standard error of the mean). 

According to the level of body weight, hypertensive patien 
were divided into 2. subgroups: nonobese (16) and obese (16 
Obese patients weighed >20% above ideal weight, defined 
the basis of age, sex, height, and body build, according 
Metropolitan Life Insurance tables.4 Nonobese patien 
weighed <10% above ideal weight. Clinical characteristics f 
indicated in Table I. 

The protocol was approved by the Institut National d 
Santé et de la Recherche Médicale (INSERM). Informe 
consent was obtained from the patients after a detailed 
scription of the procedure. 

The hemodynamic and fluid volume studies were per 
formed on the third and fourth days of hospitalization, 
spectively. After overnight fasting, patients were brough: 
the laboratory without premedication at 8 A.M. Body weigt 
was determined without shoes and in underwear.only. He 
modynamic and fluid: volume investigations were perfor 
in the supine position afte ‘10 minutes of rest. 

Hei 














‘ABLE | Clinical Characteristics 


Nonobese Obese 












































troduced into the antecubital vein to the juncture with the 
ubclavian vein for injection and samplings. Cardiac output 
was measured according to the dye-dilution method, as pre- 
viously described. Intraarterial blood pressure recorded 
hroughout the study was used as the pressure reference for 
ach patient..At the time of the investigation, diastolic blood 
pressure was 290 mm Hg in 10 nonobese. hypertensive pa- 
ients and in 8 obese hypertensive patients. 

Fluid: volume determinations: Inulin, albumin, and an- 
ipyrine spaces were evaluated simultaneously. 

Inulin space: Extracellular fluid volume (EFV) was ap- 
proximated to the distribution volume of inulin. The inulin 
‘space was estimated by the simple injection technique ac- 
cording to Ladegaard and Pederson.® Forty-five ml of 10% 
inulin solution were injected intravenously over 4.5 minutes. 
Blood samples were taken before administration and repeated 
5, 7, 10, 15, 30, 45, 60, 79, 90, 105, 120, 150, and 180 minutes 
after the beginning of the injection. Inulin was measured by 
using the method of Roe etal.” The plasma inulin concen- 
ation was plotted against time on a semilogarithmic scale. 
A curvilinear curve was obtained and divided into 2 expo- 
nential functions according to the feathering technique. 
The 2-exponential model, more valid than the monoexpo- 
ential model, was used for the calculation of the inulin space 
and clearance.® The inulin distribution volume equals the 
roduct of the total clearance and the mean transit time cal- 
ulated from the classical equations.6 Inulin space and 
earance were corrected for the plasma water content by a 
ctor p = 100 — 0.73 pp, where 0.73 is the volume of liquid 
isplaced by‘1 g of proteinin 100 ml of plasma.and pp is the 
lasma protein concentration.® The reproducibility of the 
1ethod was 9.5 + 3.6%. The validity of the inulin space as an 
dex of extracellular fluid volume has been discussed in detail 
sewhere.®° For this, simultaneous determinations of the 
bromide and the inulin space were performed. A strong posi- 
ve correlation between the 2 indexes. was shown. In com- 
arison with bromide space, inulin space underestimates ex- 
tracellular fluid volume by approximately 70 + 8 ml/kg. The 
nderestimation is similar in normotensive and hypertensive 
subjects. 

\.Ibumin space®*: Plasma volume was evaluated by the 
otopic dilution method using radioactive iodine-131 albu- 
in: After withdrawal of a control sample, 3 «Ci was injected 
zero time; 10 minutes later a single blood sample was taken 
r counting and volume estimations. Plasma volume was 
rected for water content by the same factor used for inulin 
Jace. Total blood volume was calculated from plasma volume 
| hematocrit. In 25 patients, albumin space was evaluated 
sing serial consecutive blood samples. Activity was plotted 
rainst time. The volume was calculated from the extrapo- 
lated activity at zero time. The value was lower than that ob- 
tained from the. single 10-minute sample, but the difference 
was not significant in normotensive (2 + 1%) and hypertensive 





cular volume with the single 10-mi i ite ample was. usedi in i the 





; Values are means +1 standard error of the mean. * p <0.05, t p <0.001, and * p <0.01, compared with control subjects. 


subjects (5 + 3%). Thus, only the determination of intravas- 





Control Hypertensive Hypertensive 
Subjects Patients Patients 
Number 18 16 16 
Age (yr) 43.241 44.442 44.243 
Weight (kg) 72,3 + 2.6 74.4417 99.5 + 3t 
Height (cm) 169 + 2 174+ 1 i 1734.2 
Body surface area (m°) 1.83 + 0.03 1.88 + 0.02 2.14 + 0.04t 





Antipyrine space: Total body water (TBW) was estimated 
from the distribution volume of antipyrine, according to the . 
method of Soberman et al.!° For this, 1 mg of antipyrine was _ 
injected intravenously within 3 minutes. Blood samples were 
subsequently withdrawn at 0, 1, 2, 3, 4, and 5 hours, The an- 
tipyrine plasma level was evaluated using a previously de-. > 
scribed photometric method involving a precipitation pro- | 
cedure.!! The logarithm of the plasma concentration was 
plotted against time and yielded a linear relation. The an- 
tipyrine clearance was calculated from the slope of the curve. 
Total body water was calculated as the ratio between the © 
amount of antipyrine injected and the antipyrine plasma 
concentration extrapolated at zero time. Correction for plasma 
water content was performed as for inulin space. The repro- 
ducibility of the method was 8.3 + 3.4%. Previous studies!©-12 
have shown that the antipyrine and the deuterium spaces were ` 
similar and that the antipyrine method was valid even in obese. 
subjects and in patients with abnormal depots of fluids. 

Dietary program: Right after the investigations, 9 of the — 
16 obese hypertensive patients were placed on a dietary pro- 
gram. The intention was to obtain a 10 to 15% reduction of < 
body weight in 1 month, using a low calorie diet with amod- 
erate sodium intake. The daily diet contained 1,000 calories’ 
and consisted of 35% proteins, 35% carbohydrates, and 30% 
fats. Sodium intake was 90 mEq/day. During the follow-up 
period, which lasted for 4 weeks, all patients visited the clinic 
weekly. At-each visit, blood pressure and weight were mea- 
sured. Ail patients were interviewed by the dietician to ensure 
compliance with the dietary program. The specific dietary. 
components were individually tailored to each patient on the 
basis of his regular dietary habits, after an interview. by the 
dietician. No other treatment or concomitant hypotensive. ; 
drug therapy was added. The hemodynamic and fluid vari- 
ables were reexamined after weight reduction with the same 
procedure as in the first investigation, that is, on the third and 
fourth days of hospitalization, the dietary program being — 
maintained. 

Presentation of results and statistical evaluation: Fluid 
volumes were:expressed in milliliters and milliliters per kilo- > 
gram for presentation of the results. Body surface area could’ 
also be used, but this calculated variable is strongly correlated 
to body weight.® In fact, since the values of fluid volumes | 
obese and nonobese hypertensive patients depend greatly on 
the distribution of sex and on the choice of reference fram 
for the body size,!2-4 only the partition indexes of fluid vol- 
umes were studied in the present investigation. For this, in- 
tracellular body water (IBW) and interstitial fluid volume 
(IF V) were respectively calculated as TBW-EFV and EFV-PV 
differences. Three partitions indexes were defined: PV/IFV,. 
partition index of extracellular fluid volume; EFV/TBW, 
partition index of total body water; and IBW/IFV, partition 
index between intracellular baay water and interstitial fluid ; 










volume, 


mamic Parameters in Basal Conditions 





Nonobese 
Control : Hypertensive 
Subjects Patients 

= 18) (n = 16) 


Systolic arterial pressure (mm Hg) 13143 170 +.6* 
Diastolic arterial pressure (mm tue ; 69+4 ; 90 + 3* 
arterial pressure m Ho ; 90 + 2 : A? + 3° 


6,354 + 342 . 7,142 + 206 
3,621 + 156 3,820 + 173 
7242 T T33 





ipheral fesietance a 
a oe 1,179 + 69 1,353 
11886 + 170 ‘ 2,505 + 60! 


lues are means +1 standard error of the mean. * p <0.001, t p <0.01, and $ p £0.05, compared w with control subjects. dee 


east quares methods, Differences i in’ means were assessed obese and i in nonobese hypertensive patients, 
ts t test in comparison with control values. When 
‘the 3 groups (control subjects, and nonobese and were significantly higher (p <0. 0. 
ertensive patients), the validity of the statistical tensive. group, while extracellular 
was confirmed by an analysis of variance. A p value volumes were similar. ; 
was accepted as being statistically significant. E 


Results 


sal Values i P correlited with mean arterial 
_ Hemodynamic variables (Table II): Systolic and —0:42, p <0:05): i 
diastolic blood pressures were significantly increased In the obese hypertensive grou 
n hypertensives (p <0.001, p <0.01) in comparison with was significantly lower (p <0.08) a 
l subjects. Blood pressure was similar in obese significantly higher. (p <0. 0 
| nonobese hypertensive patients. In control subjects 
nd in hypertensive patients, cardiac index and heart hypertensive patients. Figure 
ate were not significantly different. values of the IBW/IFV ratio in 
Fluid volumes (Table III): When the absolute val- 8 of the obese hypertensive p 
lẹ: fluid volumes (in milliliters) were compared in the upper limit of normal: 





TABLE i Fluid Volumes in Basal Conditions 


: -Nonobese 

Control Hypertensive 

Subjects : Patients = 
n= 1) 











asma volume (PV) 
Mb. 


“41,000 + ayeo 
4846 O" 


8,017 £420 
10945 — 


38,990 + 1,180? 
530 + 10 


27, 
37 





fluid volumes (ml) wer 
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Effects of Body Weight Reduction in Obese 

pertensive Patients 

Hemodynamic variables (Table IV): After body 
eight reduction, blood pressure and heart rate de- 
creased significantly (p <0.01 and p <0.05), whereas the 
cardiac index did not change significantly. Total pe- 
pheral resistance increased slightly. Plasma and uri- 
ary electrolyte levels were similar at the beginning and 
the end of the dietary program. No significant change 
ntipyrine and inulin clearance was observed. 
Fluid volumes (Table V): When the absolute values 
of fluid volumes. (in milliliters) were compared before 
and after weight reduction, plasma volume and total 
and intracellular body water decreased, whereas ex- 
acellular and interstitial fluid volumes increased sig- 
antly (p <0.05). The latter result was observed even 
hen extracellular and interstitial fluid volumes were 
xpressed in milliliters per kilogram. 

‘The PV/IFV ratio significantly decreased after weight 
duction (p <0.05). Figure 1B indicates that after body 
weight reduction, all patients were under the 95% con- 
dence limits of the negative PV/IF V-blood pressure 
lation observed before weight loss (compare Fig. 1A 
d 1B). 

‘The EFV/TBW ratio significantly increased (p 
0,01). The IBW/IFV ratio significantly decreased (p 
0.01) (Fig. 3) and approximated the values of con- 
‘ols. : 












Discussion 





everal difficulties arise from reported data that in- 
rpret fluid. volume in obese hypertensive pa- 
ents.':!5:!4 First, plasma volume was found to be in- 
ased when expressed in milliliters and milliliters per 
t of height, but decreased when expressed in milli- 
ers per kilogram. This is possibly due to the smaller 
blood volume per unit weight of adipose tissue com- 
pared with lean body mass. Second, in most studies, 















to consideration. 





ascular volume (and not interstitial and in- E 
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URE t Relation between mean arterial pressure (MAP) and the ratio between plasma volume (PV) and interstitial fluid volume (IFV) in hypertensive. 
tients. The relation is presented within the 95%. confidence limits of the normal curve. A, the relation: in patients studied in basal conditions: =- 
‘the individual values after weight loss. Black circles represent nonobese hypertensive patients; white circles, obese hypertensive patients; ee 
q d Circles with crosses, obese hypertensive patients after body weight reduction. : 


that the increase in fluid volumes with body weight is. 
different for total body water, plasma volume, and ex- | 
tracellular fluid volume: for the same increase in body 
weight, the increase in total body water and plasma 
volume is higher than the corresponding increase-in 
extracellular fluid volume. This finding suggests that 
only the concomitant study of the 3 spaces is relevant. _ 
in investigating fluid volumes in obese hypertensive : 
patients. a 
In the present study, total body water, plasma vol a 
ume, and extracellular fluid volume were simulta- 
neously investigated. Further, since the problem of the | 
reference frame to express fluid volumes is difficult to 
overcome; only the indexes of partition of fluid vol- 
umes were analyzed. Thus, the present comments — 
mainly concern the PV/IFV and the IBW/IFV ratios. © 
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mic and Biologic Changel Before 
and After Reduction of Body Weight in 9 Obese 
: Hypertensive Patients 





Before After 





Body eight (kg) 
Sodium concentration in : 
plasma: water (mEq? liter) 


98 + 2.8 85.2 + 2.8° 


148 + 0.5 149 + 0.7 
tassium concentration in... 4.4 + 0.07 4.6 + 0.02 
4 water (mEq/liter) 
(MEQ/24 h) 80 + 15 78+ 11 
ium (mEq/24 h) 62 +6 587 
learance (mi/min/ 13147 119 +5 


155 £ 11 133 + 77 
im fe pressure 81+ 6 70 + 4% 
m 

91+ 57 


arterial pressure 


105. 7 


7,241 + 396 5,843 + 3001 
3,621 + 307 2,985 + 190 
71465 61 +3 


1,182 + 102 1,304 + 92 
2,481 + 189 2,581 + 165 


lues aro me means-£1 standard error- of the mean. * p <0.001; 1 p 
P 





be explained cai on the basis of the ee of severity 
th disease. \ We previously showed that the PV/IFV 


1e | level of blood pressures Thus, the PV/IFV ratio is 
pected to be normal. in mild hypertension!® and de- 
teased in more severe hypertension. 816.17 In the 
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3.392024 # 
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Before 





Plasma volume (PV) 
MI : 


3,217 +91 
Mi/kg : . 33.1 + 1.5 
Extracellular fluid SK 
Mi volume {EFV} 


Mi/kg 
Interstitial fluid 
oe {IFV) 


Mi/kg 
To body water aew 


Mika. 
Intracellular body 
water (IBW) 
Mi 


Mi/kg 
PV/FV 

EFV/TBW 

IBW/IFV 4.46 + 0.42 


Values are means +1 standard error of the mean. `p < 
<0.001; + p <0.01. ; 


14, 106. + 599 


with mean arterial pressure. Since 29 of the 47 pat 
had a diastolic pressure <90 mm Hg, our results exac 
reflect the negative correlation between the PV/ 
ratio and blood pressure in Patients with hyp 
sion. | 
The altered partition of extracellular fluid: 
hypertension has been attributed to a shift of 
vascular volume toward the interstitial compone 
the extracellular fluid volume space:1° Since an in 
in the transcapillary escape of albumin and Evans bl 
dye toward interstitial fluid volume!9.° has been 
served, the shift has been assumed to reflect a distur 
capillary filtration, due to an abnormality in the 
capillary sphincters or in venular tone, or b th 
However, this interpretation concerns only hyperte 
patients studied in basal conditions. In particular, in t 
present study the decreased PV/IFV ratio after weig 
reduction could hardly be due to a disturbance 
capillary exchange.. First, only minimal changes 
plasma volume were observed. Second, after bc 
weight reduction using a low calorie diet and mod: 
sodium intake, the values of the PV/IF'V ratio wer 
inside but below the confidence limits of the curv 
lating PV/IFV to mean arterial pressure (Fig. 1) 
result strongly suggests that the change in.the 
ratio in obese hypertensive patients is related 
culiar disturbance of interstitial fluid volume 
gested by the study of the EFV/TBW and IB\ 
ratios. 
EFV/TBW and IBW/IFV ratios: The distri 
of fluid volumes between the intracellular and the « 
tracellular spaces has been poorly investigated in 
tients with obesity and in hypertension.!2~!8 Moore 
al!? tried to evaluate the degree of hydration of adipos 
tissue in overweight patients. This investigator show 
that if normal obesity tissue contained a large comp 
nent of water, this water would be extracellular i in 
sition and rich i in sodium. Therefore, if 








n, Moore et. al2 divided obese auh cts into 


ose with healthy (normal ratio) and those with non- 
ealthy (high ratio) obesity. However, the study was 
based on a small group of 9 patients, 4 men and 5 
‘omen, only 1 of whom had hypertension. On the other 
hand, Bauer and Brooks!® showed that the EFV/TBW 
ratio was decreased in hypertensive patients; however, 
they failed to relate this observation to the excess weight 
sroblem existing in their patients. 
The present investigation was the first to observe an 
tered partition of body water between the intra- and 
tracellular spaces in obese hypertensive patients. The 
ost consistent finding of the study was the increase in 
e IBW/IFV ratio found in obese hypertensive pa- 
ients. This increase might be caused either by an in- 
acellular body water level which is too high for the 
level of interstitial fluid volume or by an IFV which is 
Loo low for the level of intracellular body water. How- 
ver, several observations in the present study could 
avor the former possibility. First, in agreement with the 
‘evious observations of Moore et al,!? extracellular and 
interstitial fluid volume were poorly related with body 
weight in comparison with total body water, plasma 
lume, and intracellular body water. In this respect, 
‘able III shows that when the absolute values of fluid 
volumes (in milliliters) were compared in obese and 
nonobese hypertensive patients, total body water, 
plasma volume, and intracellular body water were sig- 
1ificantly different, while extracellular and interstitial 
fluid volumes were similar. Second, the decrease in the 
BW/IFV ratio after weight loss was due to an increase 
interstitial fluid volume, which was not dependent 
on the reference frame to express fluid volumes (milli- 
ers or milliliters per kilogram). Thus, the increase in 
terstitial fluid volume after weight loss was due to a 
ift of fluid volume from the intracellular to the in- 
rstitial spaces. Although the mechanism of the shift 
s difficult to explain, our findings strongly suggest that 
an absolute increase in intracellular body water exists 
n Obese hypertensive patients when they do not un- 
rgo body weight reduction. 
The increased water cell content of obese hyperten- 
ive patients is difficult to explain. The changes that 
ere described in arterial pressure as well as with the 
fluid partitions could be ascribed not only to weight 
reduction but also to the peculiar effects of the caloric 
d moderate sodium restrictions, with the additional 
axpected consequences on the hormonal and metabolic 
ors and on the sympathetic nervous system.?!.22 At 
3 hypotheses could be inferred from the literature. 
t, the role of renin could be suggested from 2 ob- 
rvations: (1) an increase in intracellular body water 
is been shown in patients with normal (but not low) 
nin hypertension,'® and (2) renin decreases after 
ight reduction in obese patients.23 Second, the role 
“sympathetic nervous activity is suggested by the 
modynamic effects of body weight reduction: the 
rease in the IBW/IF'V ratio after a decrease in body 
eight was associated with a decrease in blood pressure. 
Whether the decrease in pressure was due to a reduction 
cardiac output o or total peripheral resistance,” a 
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a fact which has ben well doamna alter calorie = 
restriction.2627 Finally, abnormalities in the activity of © 
the sodium-potassium pump have also been described 
both in obesity” and in hypertension? and could pós- 
sibly influence the partition of fluid volumes. 
Conclusion: Whether the shift of fluid volume is a ` 
manifestation of obesity and loss of weight in general 
or has a particular relation to hypertension, the present _ 
findings suggest that 2 varieties of altered partition of | 
fluid volumes might be observed: the decreased PV/IFV | 
ratio, directly related to the level of blood pressure, and ` 
the increased IBW/IF'V ratio, mainly influenced by the 
excess weight observed in patients with essential hy- . 
pertension. : 
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CHARD B. DEVEREUX, MD, DANIEL D. SAVAGE, MD, PhD, 


JOHN H. LARAGH, MD 


ntricular hypertrophy and dysfunction in pa- 

with hypertension are often poorly related to 

el of blood pressure. To evaluate the reasons 

r this, 100 untreated patients (44 + 14 years) with 
ssential hypertension were studied using cuff blood 
sure and quantitative echocardiography to 
neasure left ventricular mass index and end-dia- 
tolic relative wall thickness as 2 indexes of left 
ntricular hypertrophy. Left ventricular hypertro- 
yhy, as measured by either left ventricular mass 
dex or end-diastolic relative wall thickness, cor- 
ated weakly with all indexes of blood pressure 
luding systolic, diastolic, and mean blood pres- 
(r= 0.16 to 0.32). In contrast, end-diastolic 
elative wall thickness, an index which assesses the 
e) rity of concentric hypertrophy, showed a closer 
rect relation with total peripheral resistance (r = 
2, p <0.001) and a significant inverse relation 
h cardiac index (r = —0.47, p <0.001). Left 
tricular performance as assessed by fractional 


ogression of hypertensive heart disease from adaptive 
ventricular hypertrophy with compensated ven- 
ricular function to severe hypertrophy with left ven- 
icular failure is thought to be related to the severity 
d duration of hypertension. In patients with hyper- 
snsion, increasing levels of blood pressure have been 
associated with greater anatomic,! echocardiographic,”° 
r electrocardiographic®’ evidence of left ventricular 
ertrophy. These abnormalities become more marked 

n the presence of prolonged duration of hypertension, 
T evidence of damage to other target organs.” Thus, 
oderate left ventricular hypertrophy is associated with 
ced exercise capacity! and more severe hypertro- 

y with congestive heart failure in man.! In most pa- 
nts with moderate degrees of hypertension, resting 
ventricular performance has been reported to re- 
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systolic shortening of deft ventricular in 
mensions was not significantly | related to left 
tricular mass index, blood pressure, or peak sy 
wall stress, but declined significantly with 
mean systolic wall stress (r = —0.42, p <0.00 
even more with increasing end-systolic wW 
(r = —0.71, p <0. 001). 

It is concluded that in patients with h) 
(1) left ventricular hypertrophy is correlated 
modestly with measurements of res 
pressure; and (2) the classic pattern of 
left ventricular hypertrophy, as me. 
wail thickness, is more closely r 
ical” hypertensive abnormality of el 
eral resistance, suggesting that these anat 
hemodynamic changes may be pathophysiolo 
interdependent. Furthermore, left ventri 
formance declines when the pressure x 
hypertension is not offset by compensating hyp 
trophy, allowing wall stresses to increase 


main normal,?!! suggesting successful compensator 
hypertrophy, whereas left ventricular function mi 
deteriorate in the face of more severe hypertensio 
These observations support the applicabilit: to 
pertension of Meerson’s hypothesis that heart dist 
evolves through stages of physiologic hyperfunction 
compensatory hypertrophy before ventricular fai 
supervenes.!2 However, most studies have rep 
group averages, which obscure the great variabi 
cardiac findings among patients with a similar L 
hypertension. Thus, it is common to encounter patien 
with moderately severe hypertension but no eviden 
of left ventricular hypertrophy. In other patients. 
mild hypertension precedes the development of m 
cardial failure. Partial explanations for these 
cordances have been provided by reports of dis 
hemodynamic profiles in hypertension? “15 and by 
finding that left ventricular function in patie 
hypertension or aortic stenosis was regulated by le 
of left ventricular wall stresses, which are determin 
by the relation between hemodynamic load and 
ventricular hypertrophy.16~18 It has further been 
gested by Folkow!? and Lund-Johansen”® that 
ations in cardiac anatomy caused by hypertension ig 
influence the hemodynamic pattern in patient 
hypertension: We have undertaken the present tu 





quest ions raised by the foregoing observa- 





(1) Do hemodynamic factors other than the level 
lood pressure influence the degree and pattern of 
ertensive left ventricular hypertrophy? and (2) 
at is the relation between the Baer of left ven- 










































ntricular wall stress, governed by the match between 
essure overload and mycardial hypertrophy, regulate 
ardiac function in patients with essential hyperten- 


Methods 


Patients: A total of 100 patients with essential hypertension 
underwent echocardiography, cardiovascular history, and 
physical examination. The study population consisted of 69 
en and 31 women aged 18 to 69 years (mean 44 + 14) with 
a body surface area of 1.50 to 2.8 m? (mean 1.90 + 0.29). At the 
time of the study, no patients had received any antihyper- 
tensive or other cardioactive medication for at least 3 weeks. 
All patients with evidence by history, physical examination, 
or electrocardiography of coronary artery disease or significant 
ar disease were excluded, but 3 patients had mitral valve 
prolapse with no evidence on physical examination or echo- 
rdiography of significant mitral regurgitation. Blood pres- 
sure was determined by cuff sphygmomanometry at the time 
of the echocardiogram, using phases 1 and 5 of the Korotkoff 
sounds. 

Echocardiographic studies: M-mode echocardiograms 
‘performed in the partial left decubitus position using 
13-mm, 2.25-mHz transducers and either a Picker Echoview 
80C or Smith-Kline Ekoline 20A echograph with a Honeywell 
1856A strip chart recorder on light-sensitive paper at 50 mm/s. 
Simultaneous visualization throughout the cardiac cycle of 
rventricular septal thickness (IVS), left ventricular in- 
ternal dimension (LVID), and posterior wall thickness (PWT) 
was sought at or just below the tips of the mitral valve leaflets. 
All echocardiograms were coded and read blindly and inde- 
dently by 2 investigators (RBD and DDS). Differences 
tween readers of-1 mm in measurement of IVS and PWT 
and of 2 mm in measurement of LVID were averaged; greater 
ferences were resolved by review of the coded echocardio- 


At end: diastole, 2 sets of points were identified. The first 
was selected according to the recommendation of the Ameri- 
Society of Echocardiography for measurement of IVS, 
LVID, and PWT.?! End-systolic measurements were also 
made using American Society of Echocardiography criteria. 
e second set of end-diastolic points was selected at the peak 
e R wave of the simultaneous electrocardiogram using the 
alternative Penn convention, in which the thickness of en- 
ocardial interfaces is excluded from IVS and PWT, and in- 
dedi in LVID.” Left ventricular mass (LVM) was calculated 
ng Penn convention measurements in the following equa- 
2: LVM = 1.04 [(LVID, + PWT, + IVS)? — (LVID,)*] 

Relative wall thickness (RWT = 2PWT/LVID) at 
-diastole and end-systole was calculated as an index of 
ncentric left ventricular hypertrophy.” Left ventricular 















dto calculate stroke volume as LVEDV — LVESV; cardiac 
tput- was calculated as stroke volume X heart rate. Total 
seripheral resistance (TPR) was calculated by the following 
rmula**: TPR = (mean BP (mm Hg) X80)/cardia 


jac output 


Since afterload i is best expressed as wall FEE peak: ad 
end- systolic meridional wall stress were calculated by the’. 
noninvasive method of Wilson et al,?6 using echocardiographic 
dimensions and cuff blood pressure in the following formulas: 
Peak systolic stress = 0.86 [(0.334 X LVIDg X systolic BP)/ 
PWT, X (1 + PWT 4/LVID,)] ~ 27 x 108 dynes/cm? and 
End-systolic stress = 0.98 [(0.334 x LVID, X systolic BP)/ 
PWT, X (1 + PWT,/LVID,)] — 2 x 103 dynes/em?. In addi- 
tion, the mean LV systolic wall stress index of Quinones et al?” 
was calculated by use of the following formula: Mean wall 
stress = Systolic BP x [(LVIDg + LVID,)/2(PWTq +- 
PWT,) 

Statistics; A Hewlett-Packard programmable calculator 
was used to perform least-squares linear regression and Stu- 
dent’s £ test.28 





Results 


Hemodynamics: Systolic blood pressure was 154 + © 
18 mm Hg, diastolic pressure was 90 + 10 mm Hg, and 
mean blood pressure 117 + 11 mm Hg (range 105 to- 
157). The stroke index was 48 + 12 ml/m? (normal value. _ 
for this laboratory derived from 79 subjects”? 45 + 13, 
difference not significant [NS]), and the cardiac index 
was 3.45 + 1.01 liters/min/m? (normal 3.15 + 1.0, NS). 
Total peripheral resistance was 1,539 + 445 (p <0.05 
versus normal 1,243 + 235). 

Echocardiographic findings: Interventricular 
septal thickness was 1.2 + 0.3 cm and posterior wall 
thickness was 1.1 + 0.2 cm (p <0.01 versus normal val-.. 
ues); left ventricular internal dimension was 5.0 + 0.6 _ 
cm (NS versus normal findings of 4.8 + 0.5 em). Dia- 
stolic relative wall thickness was 0.43 + 0.09 (p <0.02 _ 
versus normal 0.34 + 0.04), while systolic relative wall — 
thickness was 1.08 + 0.27 (p <0.02 versus normal 0.90 
+ 0.19). Left ventricular mass index ranged from 68 to 
236 g/m? (mean = 118 + 31 g/m?, p <0.001 versus nor- ` 
mal of 70 + 25 g/m?). In 56 patients, left ventricular 
mass index fell within the 95% confidence limits of 
normal in this laboratory ($119 g/m?),29 while the re- 
maining 44 patients had definite left ventricular hy- 
pertrophy. Mean left ventricular fractional shortening 
in systole was 37 + 6%, ranging from 23 to 55%; in only 
3 patients did it fall below the 95% confidence limits of 
normal in this laboratory. a 

Relation of hemodynamic variables to left ven- 
tricular hypertrophy: To evaluate the relation be- 
tween hemodynamic measurements and anatomic. | 
changes in patients with hypertension, we used 2 sep- 
arate indexes of left ventricular hypertrophy, left ven- < 
tricular mass index, and relative wall thickness. Only _ 
modest relations were observed between left ventricular 
mass index and mean blood pressure (r = 0.32, 
<0.005), systolic blood pressure (r = 0.32, p <0.005), or 
diastolic blood pressure (r = 0.26, p <0.02) (Table 
Left ventricular mass index exhibited a similar, rela 
tively weak correlation with stroke index (r = 0.27, 
<0.01) or the product of mean blood pressure and stroke gi 
index, which approximates stroke work index (r =0.31, 
p <0.005), A slightly closer relation was observed be- 
tween end-systolic volume index and left ventricular 
mass index (r = 0.44, p <0.001). en eee 

„Diästolic relative wall sbicleness, i a meas 
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ft ventricular relative wall thickness at end-diastole 
is) is directly related to total peripheral resistance (horizontal 
axis) in in untreated hypertensive patients (r = 0.52, p <0.001). 


blood pressure (r = 0.16, 0.05 < p <0.10). In contrast, 
diastolic relative wall thickness exhibited a moderate 
direct correlation with total peripheral resistance t= = 
52, p <0.001) (Fig. 1). Furthermore, there was a sig- 
ficant inverse relation between increasing diastolic 
wall thickness and decreasing cardiac index (r 
1, p <0,001) (Fig. 2). Figure 3 illustrates that for 
vel of blood pressure, patients with lower levels 
ac index tended to have a higher relative wall 
ickness, and vice versa. 
eterminants of left ventricular performance: 
_ Left ventricular performance, as measured by systolic 
fractional shortening of left ventricular internal di- 
mension was unrelated to left ventricular mass index 
(r = 0.04, p >0.70), mean blood pressure (r = 0.04, p 
>0.70), or peak systolic wall stress (r = 0.14, p >0. 10). 
In contrast, there were highly significant negative cor- 
relations between mean or end-systolic left ventricular 
wall stress and left ventricular fractional shortening. 
‘igure 4 demonstrates that left ventricular fractional 
1ortening decreased. moderately in patients as the 
systolic meridional wall stress index increased (r 
.42, p <0.001). Figure 5 depicts the even closer 
_ negative relation between left ventricular fractional 
shortening and end-systolic wall stress (r = —0.71, p 
<0.0001). 


TABLE l Hemodynamic Determinants of Left Ventricular 
Hypertrophy in Hypertension 


Correlation Versus 
End-Diastolic 
Relative Wall 

Thickness 


Correlation Versus 
Left Ventricular 
Mass Index 


w Variable 





: 1 blood pressure 
Systolic blood pressure 
L tastolic blood pressure 


The findings of the present study provide answers 
the 2 questions posed at the outset. Firs 


fested by increased end-diastolic relative wall thick 
is directly related to peripheral resistance. Furth 
inverse relation is observed between relative 
thickness and cardiac output in patients with 
moderate hypertension. However, a second in 
ventricular hypertrophy—left ventricular. 
index—-was also increased in patients with hyp 
sion, but was poorly correlated with hemod 
measurements. Therefore, only a small portion: 
variation in total left ventricular mass which oc 
among such patients can be directly attributed to d 
ferences in resting blood pressure, cardiac ou 
stroke work. In regard to the second question, i 
parent that left ventricular performance in hype 
sion is determined to a significant degree by the ac 
quacy of left ventricular hypertrophy to compensate 
the pressure overload. Thus, left ventricular systo. 
performance was inversely related to measures of 
stress, especially end-systolic wall stress, indicating 
performance was depressed in patients in whom 
hemodynamic load on the left ventricle had not elic 
proportional ventricular hypertrophy.. 
Hemodynamic determinants of hyper 
ventricular hypertrophy: The finding that cone 
left ventricular hypertrophy is more closely re 
peripheral resistance than to blood pressure al 
patients with hypertension suggests that a di 
pathophysiologically important relation exists bet 
these 2 classic features of hypertension. It is well kno’ 
that although a high peripheral resistance, asso 
with a normal to low cardiac output, chara 
groups of patients with longstanding essential | 
tension, hemodynamic profiles in hypertension are 
fact quite diverse.!3-15:5° Thus, high cardiac outp 
relatively normal peripheral resistance are ofter 
in the early stages of essential hypertension,?!*? i 
tients with hyperdynamic essential hypertension 
in many patients with renal artery hypertension. H Bo 
Folkow!9 and Lund-Johansen20:32 have sugges | 
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high peripheral resistance and normal to low cardiac 
output in patients with severe hypertension. 
Most previous studies of hypertensive left ventricular 
hypertrophy have partially obscured this anatomic and 
emodynamic variability by comparing group means 
for hemodynamic parameters and indexes of left ven- 
tricular hypertrophy. On average, our patients showed 
expected increase in peripheral resistance, left 
ntricular mass and relative wall thickness with a 
rmal cardiac index. However, the present study dif- 
from previous reports in regarding both left ven- 
cular mass and hemodynamic measurements. as 
ntinuous variables. Our findings are in accord with 
e modest relation that has been shown in previous 
udies between blood pressure level and either heart 
e,54 left ventricular mass,‘ or thickening of the left 
ventricular wall.!1.23.35 For the first time, we have also 
xamined directly the relation of hypertensive cardiac 
ypertrophy to other hemodynamic variables, including 
stroke volume, end-systolic volume, and total peripheral 
stance. In the present series, the relation between 
ese other variables and left ventricular mass index 
Te similar to or even closer than that between blood 
essure and left ventricular mass. 
This result is, at first glance, surprising, but can in 
ct be predicted from an examination of the role he- 
modynamic factors play in the genesis of myocardial 
hypertrophy. Both experimental studies3®37 and the- 
etical analyses**-?? indicate that left ventricular hy- 
rtrophy occurs in such a way as to normalize left 
ntricular wall stress. To accomplish this, increases in 
ood pressure (without a change in stroke volume) 
duce an increase in ventricular relative wall thickness, 
d hence absolute wall thickness. An increase in either 
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ight play a role in the change in hemodynamic pattern ` 


individual patient 


‘volume necessitates an 
increase in end-diastolic chamber volume and radius. a 
Since, in the absence of a change in blood pressure, 
relative wall thickness stays constant, absolute left 
ventricular wall thickness increases in proportion to the — 
increase in chamber radius. In any of these cases the left. 
ventricular myocardial volume and mass are in- | 
creased. Sale 
In the present series the severity of concentric left — 
ventricular hypertrophy, as reflected by end-diastolic 
relative wall thickness, correlated better with total pe- 
ripheral resistance than with the level of blood pressure. 
Furthermore, a significant inverse relation was observed 
between relative wall thickness at end-diastole and 
cardiac index. As illustrated in Figure 3, at any given 
level of blood pressure, patients with lower cardiac in- 
dexes tended to have higher end-diastolic wall thick- ~ 
ness. A possible explanation for these relations is that 
increased left ventricular chamber stiffness due toin- 
creased relative wall thickness may impair diastolic left 
ventricular filling,49“4 causing a secondary reduction _ 
in stroke volume and cardiac output. Such a reduction’ 
in cardiac output would, in turn, cause the measured 
level of blood pressure to be lower for any level of pe-. 
ripheral resistance than it would otherwise have been: < 
Thus, an increased left ventricular relative wall thick- 
ness may participate i in the reduction in cardiac output — 
which is observed in many patients with severe hyper- ae 
tension. Such a reduction in cardiac output would, in - 
turn, tend to moderate the increase in blood pressure 
produced by a given increase in peripheral resistance. _ 
Despite the findings of the present study that resting 
blood pressure, stroke volume, and end-systolic volume _ 
are all related modestly to left ventricular mass in pa- | 
tients with essential hypertension, the majority of the 
total variability in left ventricular mass remains unex- 
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FIGURE 3. Relation between end-diastolic 
relative wall thickness (vertical axis) and l 
mean blood pressure (horizontal axis), with 
„patients classified according to level of 
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GURE 4. Left ventricular systolic performance, measured by the 
arcent fractional shortening of left ventricular internal dimension 
(vertical axis) is inversely related to the mean left ventricular wall stress 
x (horizontal axis) (r = —0.42, p <0.001). 


lainec by these parameters. Several factors may ac- 
unt for this. First, this study has used only resting 
modynamic measurements. It has been shown that 

Tice measurements of blood pressure may be poorly 
d to blood pressure throughout the day,*°-"’ and 
that hypertensive patients have exaggerated blood 
pressure increased during exercise, occupational work,** 
or other forms of stress. Thus, the description of he- 
odynamic load in this and other studies is undoubt- 

ly incomplete, since it is based solely on resting 
easurement. Second, myocardial contractility has an 
ect effect on left ventricular hypertrophy. With 
mpaired contractility, left ventricular end- systolic 
“increases; as long as stroke volume remains 

on ant, this necessitates an increase in end-diastolic 
lume; thus augmenting left ventricular hypertrophy, 
have demonstrated in this study. Third, age and 
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ported tö increase left ventricular ma 
of blood pressure, whereas equally effec 
perenbive drugs have been reported to have dis 


play a direct role in cardiac hynarroohy beyond : 
mediated by their augmentation of blood presst 
Determinants of fet ventricular perforr 


with mild to thoderate Camb E i is largel 
pensatory mechanism, since resting left ve 
fractional shortening was well maintain 
unrelated to abnormalities. of left ventricular 
index. In contrast, left ventricular fractional sh 
decreased moderately with increased mean systo. 
stress index (Fig. 4), and in a linear fashion wit 
creasing end-systolic left ventricular wall stress 
5). 

These findings demonstrate that patient 
chronic hypertension and compensated left ve 
function show the same marked dependence o 
ventricular performance on afterload, expressed a: 
stress, as has been shown experimentally in response 
acute interventions? and in patients with hy 
whose blood pressure is lowered acne or 


end- Sle stress than to cee onea str ; 
cordant with a fundamental principle of cardi 


wall stress (force) and chamber diameter inters 
ventricle’s isometric force-length line. Sine 
systolic wall stress always occurs ata point belo : 


rect influence on left ventricular contraction, w 
there is an obligatory relation between end-systo. 
stress. and end-systolic left ventricular internal 
mension in a given patient. The close negative relat 
observed in this study between end- systolic stress a 
left ventricular fractional shortening is the more | 
pressive because it does not take into account absol 
left ventricular internal dimension (the true abscis: 
the effects variations in preload may have on left 
tricular internal dimension (and hence on the fracti 
shortening required to reach a given end-systolic poi 
or the effects differences in intrinsic myocardial 
tractility or catecholamine levels might: have 
creasing or decreasing the end-systolic force-lengtl 
in individual patients. 7 
Clinical implications: The echocardiogram pro 
a useful tool for assessing the anatomic and funct: 
response of the heart in patients with hypertensio 
Left ventricular relative wall thickness at end-dias 
exhibits a significant relation with elevated total pe 
ripheral resistance, the typical hemodynamic ab 
mality of chronic hypertension. Furthermore, an invers 
relation is observed between this index of concentric le: 
ventricular ype phy and cardiac output sugges 











output in many l 
left ventricular mass index, another index of left ven- 
tricular hypertrophy, was not closely related to any 
hemodynamic measurement. Finally, left ventricular 
systolic performance was inversely related to mean and 
especially end-systolic left ventricular wall stress. These 
findings illustrate the extensive evaluation of cardiac 
anatomy and function in patients with hypertension 
that. can be accomplished using clinically applicable 
echocardiographic methods. 
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Antihypertensive therapy often involves diet 
modification—restricting favorite foods and 
beverages. But there’s one enjoyable bev- 
erage hypertensive patients can continue to 
enjoy: coffee. 

Sanka® is 100% real coffee, 
but it’s 97% catfeine-free. That’s 
why it will not exacerbate un- 
derlying hypertension in patients 
who are bothered by too much 
caffeine. 

And because Sanka® tastes 
good, it aids patient compli- 
ance. What's more, it’s avail- 
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with unique clinical features 

@ [he thinnest pacer you can implant 
(only 8.8. mm) with an optimized 
geometrical shape* for more patient 
comfort 

è Multi-orogrammable in all important 
parameters, VOO/VVI, M 

è Programmable high output 

@ Long service life 

@ [he high reliability you have 
experienced with all BIOTRONIK 
pacers and products 

è Available for unipolar and bipolar 
stimulation 


BIOTRONIK pacers combined with the 
various BIOTRONIK active and passive 
fixation leads provide integrated pacing 
systems with the assurance of 
maximum reliability since all parts 
match one another and allow you to 
decide which system best suits the 
needs of each individual patient 8.8 mm 
* Also available with the same thin, optimized 
geometrical shape, the standard VVI pacers 
LEUKOS and LEIOS. 
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Frequent and complex forms of PVCs 
sharply increase the risk of sudden 
cardiac death (SCD) in patients with 


ischemic heart disease, especially in the 
presence of left ventricular dysfunction." 


To reduce the risk of 
potentially fatal arrhythmias 
in such patients 
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e If initially tolerated, can usually be taken successfully 
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DURA-TABS* 


e Demonstrated by programmed ventricular stimulation 
to be effective in accepted “standard” doses.4 


° BID or TID dosage helps improve compliance while 
providing 24-hour antiarrhythmic activity. 


- “As a rule, GI toxicity associated with quinidine 
gluconate is less frequent and less severe than that 
associated with quinidine sulfate.” 5 
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Nursing Mothers: Caution should be exercised when Quinaglute 
(quinidine gluconate) Dur: ans are eines to a nursing woman due 
{o.passage of the drug into breast mili 
Pediatric Use: There are no adequate and well-controlled studies C A RDIO : OGIST 
Saning ay poe effectiveness of Quinaglute (quinidine gluco- L. i 
inate) Dura- Tabs in children ` 
i ADVERSE SE REACTIONS: Symptoms of cinchonism, ringing in ears, Needed to join an existing practice in a large multh-apeciatty linie 
Ain nausea, and/or disturbed vision may appear in sensitive patients ‘with co-located hospital on the West Coast of Florida: Excell 
alter a single dose of the drug. The most frequently encountered side šati nd benefits, 
effects to quinidine are gastrointestinat in nature, These gastrointestinal compensation ai nefits, Send C.V. to: Box 225, A 
effects include nausea, vomiting, abdominal pain and diarthea lean Journal of Cardiology, 875 Third. Ave., New York, 
Less frequently encountered adverse reactions: 10022. 
Cardiovascular: Widening of ORS complex. cardiac asystale, ventricistar 
ectopic beats, idioventricular rhythms including ventricular tachycardia and equal opportunity employer m/t 
fibrillation, paradoxical tachycardia, arterial embolism and hypotension: 
Hematologic: Acute hemolytic anemia, hypoprothrombinemia, tom- 
bocylopenia (purpura), agranulocytosis. 
-Central Nervous System: Headache, fever, vertigo, apprehension, 
‘excitement, contusion, delirium and syncope, disturbed hearing (tinnitus. 
“decreased auditory acuity), disturbed vision nyorisi S, blurred vision, 
ourora ae peli ne or vi f n field, photophobia, diplopia, 
Night blindness, scotomata), optic neuritis: 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria FOR SALE 
~-Photosensitivily has also been poly a 


y Reactions: Angicedera, acute asthmatic episode; < : Ekoline 20A M-Mode echocardiographic unit. Contact. GREG 


“vascular collapse, respiratory artest, hepatic toxicity, including gran: 


ster E = EEE Toe ra | Basessa Samaritan Hospital, West Paim Beach, Fla., 




















The angina onslaught 





‘The angina shield: 
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RCHAaDIC 24-NOUI-d-day 
protection... 


Physical exertion, emotional strain, and the 
unexpected crises of daily life — these can unleash an 
anginal attack at any time. So it’s important to be 
certain that your patients are protected continuously. 
Unlike other beta-blockers, Corgard provides this 
protection around the clock with a once-daily dose — 
reducing the anginal attack rate, increasing work 
capacity, and decreasing the dependence on 
nitroglycerin. 


with convenient 
once-a-day dosage 


Asingle daily dose of Corgard controls angina all day, 
every day. And since Corgard is associated with a low 
incidence of side effects,* your patients can lead more 
comfortable lives. An added convenience of Corgard is 
that it can be taken at any time of day, regardless of 
meals, because its absorption is not affected by food. 
*For a full discussion of CONTRAINDICATIONS, PRECAUTIONS, 


ADVERSE REACTIONS, and WARNINGS, including avoidance of 
abrupt withdrawal, please see brief summary on next page. 


CORGARÐ; 
(nadolol tablets) 


The only once-a-day 
beta-blocker for 
both angina pectoris 
and hypertension 















The only kesin beta-blocker for 


both angina pectoris and hypertension 





CORGARD 
(nadolol tablets) 


40 mg, 80 mg, 120 mg, and 160 mg scored tablets available in a variety of 
bottle sizes and in Convenience Packages of 40 mg and 80 mg tablets 


-CORGARD® TABLETS 
_ Nadolol Tablets 


© DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 
< CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure — Sympathetic stimulation may be a vital component 
/ “Supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 
“in overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of 
beta-blockers c some-eases, lead to cardiac failure; therefore, at first sign or 
- symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
oor discontinue nadolol (gradually if possible). 


q Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 

_ Hypersensitivity to-catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial 
infarction have occurred after abrupt discontinuation of such therapy. When 
discontinuing chronic use of nadolol, particularly in patients with ischemic heart 

disease, poe teduce dosage over a l- to 2-week period and carefully monitor the 
patient. Reinstitute ‘nadolol promptly (at least temporarily) and take other measures 
appropriate for management of unstable angina if angina markedly worsens or acute 

coronary insufficiency. develops. Warn patients not to interrupt or discontinue 
therapy without physician's advice. Because coronary artery disease is common and 

May be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly 
even in patients treated only for hypertension, 
















Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
- PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE 
_ BETA-BLOCKERS. Administer nadolol with caution since it may block bronchodilation 
-produced by endogenous or exogenous catecholamine stimulation of beta, receptors. 
“Major Surgery — Because beta blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
fesulting in protracted hypotension or low cardiac output, it has generally been suggested 
_ that such therapy should be withdrawn several days prior to surgery. Recognition of the 
: increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
< therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform the 
| anesthesiologist that the patient is on beta-blocker therapy, Use of beta-receptor agonists 
Such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of 
nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
“with beta-adrenergic receptor blocking agents, 
Diabetes and Hypoglycemia - Beta-adrenergic blockade may prevent the appear- 
ance of premonitory signs and symptoms (¢.g., tachycardia and blood pressure changes) 
_of acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade 
also reduces release of insulin in response to hyperglycemia; therefore, it may be 
“necessary to adjust dose of antidiabetic drugs. 
oo Thyrotoxicosis — Petaadrenergie blockade may mask certain clinical signs (€.g., 
o tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
-< blockade which might precipitate a thyroid storm, carefully manage patients suspected of 
developing thyrotoxicosis. 
PRECAU TIONS: Impaired Hepatic or Renal Function — Use nadolol with caution 
in presence of either of these conditions (see DOSAGE AND ADMINISTRATION section 


ackage insert), 
information for Patients — Warn patients, especially those with evidence of 
. coronary artery insufficiency, against interruption or discontinuation of nadolol without 
(> physician's advice, Although cardiac failure rarely occurs in properly selected patients, 
advise patients being treated with beta-adrenergic blocking agents to consult physician at 
= first sign or symptom of impending failure. 
Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. When treating patients with 
-i nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypo- 
tension and/or excessive bradycardia which may produce vertigo, syncope, or postural 
hypotension. 
Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 


SQUIBB 


©1983 ELR. Squibb & Sans, inc, Princeton, NJ 08540 513-501 issued: January 1983 


neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

y ~ In animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater 
(on a mg/kg basis) than maximum indicated hurnan dose; no teratogenic potential was 
seen in any of these species. There are no well-controlled studies in pregnant women; 
therefore, use nadolol in pregnant women only if potential benefit justifies potential risk 
to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, exercise caution when nadolol is 
administered to a nursing woman. Animal studies showed that nadolol is found in the 
milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular ~ Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 
occurred in about 1 of 100 patients, Single instances of first degree and third degree heart 
block have been reported: intensification of AV block is a known effect of beta-blockers 
see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 

ystem — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory —- Bronchospasm reported in approximately 1 of 1000 patients (see 
co INDICATIONS and WARNINGS). Gastrointestinal -—— Nausea, diarrhea, 
abdominal discomfort, constipation, vomiting, indigestion, anorexia, bloating, and 
flatulence each reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the 
following reported in 1 to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or 
skin; impotence or decreased libido; facial swelling; weight gain; slurred speech; cough; 
nasal stuffiness; sweating; tinnitus; blurred vision. Although relationship to drug usage is 
not clear, sleep disturbances have been reported. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be 
considered potential adverse effects of nadolol. Central Nervous System — reversible 
mental depression progressing to catatonia; visual disturbances; hallucinations; an acute 
reversible syndrome characterized by disorientation for time and place; short-term 
memory loss, emotional lability with slightly clouded sensorium; decreased performance 
on neuropsychometrics. Gastrointes' ~- mesenteric arterial thrombosis; ischemic 
colitis. Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic 
purpura. Allergic — fever combined with aching and sore throat; laryngospasm;. 
respiratory distress. Miscellaneous - reversible alopecia; Peyronie's. disease; 
erythematous rash, 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis, 
In addition to gastric lavage, employ the following measures as appropriate. In 
determining duration of corrective therapy, take note of long duration of effect of nadolol. 

cessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no 
response to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure ~a Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

Á Bronchospasm — Administer a betaystimulating agent and/or a theophylline 
erivative. 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 
80 mg increments at 3 to 7 day intervals until optimum clinical response or pronounced 
slowing of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients 
respond to 160 mg or less daily). If treatment is to be discontinued, reduce dosage 
gradually over a period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed), 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet 
in bottles of 100 and 1000 tablets and in Unimatic® unit-dose packs of 100 tablets. The 
40 mg and 80 mg tablets are also available in convenience packages containing 4 blister 
cards of 7 tablets each. 













CONGESTIVE HEART FAILURE 


H eart Failure 


: e ‘acute hemodynamic and metabolic effects of 
dobutamine administered during exercise were 
Studied in 8 patients with severe chronic heart fail- 
Exercise was performed on an upright bicycle 
eter using a graded protocol. During exercise 
med without administration of dobutamine, 
ustion occurred after 4.5 + 1.2 minutes of ex- 
ercise. The cardiac index increased from 1.61 + 
0.25 to 2.67 + 0.59 liters/min/m? (p <0.001), the 
arteriovenous oxygen difference from 7.8 + 1.7 to 
12.5 + 2.4 mi/100 mi (p <0.001), and oxygen up- 
take from 7.9 + 3.0 to 41.2 + 15.7 mg/100 mi (p 
<0.001). During exercise performed with the ad- 
ministration of dobutamine, the cardiac index was 
significantly greater than during the control state, 
3.23 + 0.78 versus 2.67 + 0.59 liters/min/m? (p 
mm. while the arteriovenous oxygen difference 















Fe ilure of Dobutamine to Increase Exercise Capacity 
Despite Hemodynamic Improvement in Severe Chronic 


Ci o s. MASKIN, MD, ROBERT FORMAN, MD, EDMUND H. SONNENBLICK, MD, 
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was significantly lower, 11.2 £2.1 vs 12. 5 n 2 
mi/100 mi (p <0.01). The arterial lactate level \ 
not significantly changed, 45.3 + 17.6 versus 4i 
+ 15.7 mg/100 mi. Although the dobutamine le. 
tended to increase maximal oxygen uptake c 
pared with the control period of exercise, 9.1 + 
versus 8.5 + 1.4 mi/kg/min (p <0.05), it did 
significantly increase exercise capacity, 4.8 + 
versus 4.5 + 1.2 min. Thus administration of dob 
tamine in patients with severe chronic heart f 
increased the cardiac index during maximal exe 
cise but failed to increase exercise capacity 
arteriovenous oxygen difference is reduced, dob 
tamine probably increases blood flow to tt 
nonexercising tissues and not to the actively me 
tabolizing muscles. 



















tients with severe congestive heart failure, there 
an inadequate i increase in cardiac output during ex- 
which limits maximal oxygen uptake and exercise 
capacity.!-? When these patients are treated acutely 
with vasodilators, a higher cardiac output is reached at 
the point of exhaustion, but an increase in maximal 
oxygen uptake or exercise capacity does not occur.*? 
Indeed, the increase in cardiac output produced by 
vasodilators i is accompanied by a concomitant reduction 
in arteriovenous oxygen difference, which probably 
T lects shunting of blood to organs other than exer- 












‘ The effects of an poate inotropic intervention on ex- 
ercise capacity and maximal oxygen uptake have not 
been thoroughly investigated. Although cardiac glyco- 
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sides may increase cardiac output komenda during 
exercise in the patient with heart failure,® the effects of 
this on exercise capacity and maximal oxygen uptake 
have not been studied. Recently the short-term ad- 
ministration of amrinone, a new nonglycosidic, non- 
adrenergic agent, has been shown to increase the c 
pacity to perform exercise at a fixed work load.!® 
However, whether inotropic therapy can acutely in- 
crease maximal oxygen uptake using a graded protoco 
is still unknown. Therefore, the effects of dobutamir 
a synthesized catecholamine,! on exercise capacity at 
maximal oxygen uptake in patients with severe 
gestive heart failure were studied. 


-< Methods 


Patient population: Seven men and 1 woman with severe 
chronic congestive heart failure were studied. The average 
patient age was 54.7 years (range 49 to 61). Three patients had 
ischemic heart disease as documented by coronary arterio; 
raphy and prior myocardial infarction. Four had idiopath 
cardiomyopathy, and one had persistent heart failure after 
1} mitral valve ee The mean duration of 








“being in New York Heart Association class IV and three in. 
class HI, despite optimal therapy with digitalis and diuretics. 
The mean digoxin level immediately before the study was 1.4 
+ 0.5 mg/ml. Left ventricular ejection fraction, determined 













5a g A by gated radionuclide technique, averaged 23% (range 20 to 
k = pbchatecbe beet ay SE 35). Sinus rhythm was present in all but 1 patient, who had 
5 = 8 H atrial fibrillation. Patients were maintained on their usual 
as doses of digoxin and furosemide, while nitrates, when taken, ` 
= i g > wea we ` Š = oS were discontinued 2 days before the study. No patient had had 
$e RU eS Se | Ag angina or a myocardial infarction within 3 months of the 
E r o J study. Studies were conducted in the coronary care unit. The . 
ARTEREI a ataa 5 nature, potential benefits, and possible risks of the study were 
Di h $ fully explained to patients, who then gave written informed 
= 8 consent: 
= ğ DNN b bbe S38 Hemodynamics: One day before the study, catheterization 
óD 3 E of the right side of the heart was performed in all patients . 
as F 3 g using a triple-lumen flow-directed balloon-tipped thermo- 
£| $186 a Q a hs Sai a a 9 A dilution catheter (Edwards Laboratories), which was intro- 
6 @ duced percutaneously via a subclavian vein and advanced to. 
e| S/e2exere 3 S 7 § i a pulmonary wedge position by aid of fluoroscopy. On the day _ 
s5 OL Rr ee erm et © i oge of the study, an intraarterial indwelling catheter was inserted 
Se z © a percutaneously into a radial artery for measurement of sys- 
s rd ELNAN aN o m V REJ temic arterial pressure and for withdrawal of blood samples... 
= [| Oe ore Que = % 3 Systemic arterial, pulmonary arterial, and pulmonary capil- 
3 2 lary wedge pressures were determined using Gould Statham 
m De eae Ru Py P23ID transducers and recorded on an Electronics for Med- 
o jE g STENTS EA 2 s$ icine DAO apai E Heart tng ies apes con- 
"Sos = S BF tinuously from a bedside. electrocardiographic monitoring: 
é ~1 & 3 z > = g 8 89 g sy 5 4 device. Cardiac output was determined in triplicate by ther- 
S xe modilution technique using iced 5% dextrose and a bedside 
Be. x om £ $ computer (model 9250A), and confirmed by the Fick method 
= 5 be Ẹş OlSeessssesrse 5 p = using determination of oxygen consumption, and pulmonary _ 
z Pi Št S 3 8 artery and radial artery oxygen contents (r = 0.96, n = 48). 
sog z E g ouy ËE Resting hemodynamic variables were measured with thepa- 
STOMaANoroOr To os F B iotes uoni ee 
o£ SEF REED SR TN Ose k a tient rie upright on meo a a pressure 
5 T ee z ; transducers were positioned at the level of the fourth- mter- 
$ È iH SSSHRAKCEB = ME costal space. Two sets of similar resting determinations were- 
nue 5 £ ee E S Be obtained at intervals of 10 minutes. During the control period 
“Ad Gl el egsovexorse Ş Eo of exercise, pulmonary arterial pressure, mean systemic ar- 
E 81 See eae eS g Z terial pressure, and heart rate were monitored and measure- 
é = 3 g ments of cardiac output repeated continuously. At the end of - 
eee x wh 85 each work load, as well as at the end of exercise, pulmonary. 
El p| S| SSkRA8easa. ES capillary wedge pressure was measured. The following day. 
3 © f " 8 ay dobutamine was administered intravenously for f hour-and ’ 
o| = £ V 33 the exercise protocol repeated to exhaustion. Hemodynamic | 
: a => S| ssssesssee rE measurements were performed as before. Derived hemody- 
l ate il namic values were calculated as follows: Cardiac: index'= 
td wi ag cardiac output/body surface area (liters/min/m?); Stroke. 
g| £ h sgeagouern yE volume index = cardiac index X1,000/heart rate (ml/m?); 
z 2 E| Wp re reer 2 g x Systemic vascular resistance = mean arterial preasure/caydig 
5 3 £ 2 pies S Š g output (units). 
oe E Si reassegeor F Oxygen uptake: Measurements of mixed expired oxygen, 
2 rr = OS Si mixed expired carbon dioxide, expired volume, expired gas 
ey qa Gta aie cate = temperature (°C), and barometric pressure were performed. 
g CANADA 38 4 at rest while patients were sitting on the bicycle and every 30. 
G| ee ee zs seconds throughout exercise using a metabolic measurement 
; =| eeroqene : Se cart (Beckman Instruments). Oxygen uptake (ml/kg/min) was 
EAG LOPS es teas) calculated using standard formulas.!? Patients were breathing | 
Ll en Morag 522 through a mouthpiece and a low resistance, nonrebreathing, 
= Bparrracdee of: be i 3-way valve with a nose clamp. The oxygen analyzer (OM-11 | 
- m l a i z Beckman Instruments) and carbon dioxide analyzer (LB-2- 
u 6 wo! Q : a Beckman Instruments) were calibrated using an: analyzed 
2 Bl eaowmon o§ aus S ZE% mixture of approximately 4% carbon dioxide and 16% oxygen. 
fe : Ha oa in nitrogen. This calibration was made within 1 hour of the: 


testing, 
Oxygen content and arterial lactate level: All samples 
were evaluated i in triplicate for oxygen content (volumes per. 
- unit) using a Li  CON-TL oxygen analyzer (Lexington 





atüre and barometric pressure 

ere made throughout. each study, and calibration 

Lex-O. CON-TL was considered optimal if 3 consecu- 

adings for dry air were within +0.1 volume/100 ml. 

ng! the control period of exercise, systemic arterial (SAQ2) 

monary arterial (PAO) contents were measured at 

at the.end of each work load, and’at exhaustion. Mea- 

rements were similarly performed during exercise and while 

dobutamine. Arteriovenous oxygen difference in ml/100 
s calculated as SAO, = PAO». 

al lactate concentration was measured by the enzy- 

pectrofluorometric technique and expressed as mg/100 

ate determinations were made at the same times as 


xercise protocol: Exercise testing was performed with 
tient upright on an electronically braked bicycle er- 
er (Warren E, Collins, Braintree, Massachusetts) with 
cured to the pedals. Two exercise tests were performed 
n 72 hours of the control period of exercise in the 
postabiorptive state and at least 4 hours after administration 
furosemide, to determine reproducibility and to familiarize 
atients with the equipment. The initial work load was 25 W 
r 3 minutes. This load was increased every 3 minutes by 12.5 
ati exhaustion. Patients pedaled at a frequency of at least 
pm. While receiving dobutamine, patients performed 
e rcises in a similar fashion until exhaustion. 

Dobutamine administration: After baseline determina- 
f hemodynamic function and systemic and pulmonary 
arterial oxygen contents in the supine position, dobutamine 
was infused at an initial rate of 5 g/kg/min for 15 minutes. 

Measurements were repeated and the dose increased by 2 
:/kg/min every 5 minutes until maximal cardiac output was 
ed or adverse effects were elicited: Adverse effects were 
ed as a 10% increase in either heart rate or systolic arterial 
re above control values, or an increase in ventricular 
ture beats >5 beats/min above levels at rest. The op- 
ate of infusion was defined as the value producing the 
rgest increase in cardiac output without precipitating ad- 
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FIGURE i PERN uptake related to duration of exercise. At rest oxygen 
ke is similar inthe control period (CR) and during dobutamine ad- 
(DR). The duration of exercise is not significantly different 

ontrol poroa (CEx and during dobutamine administration 

ificantly oer maximal exercise 


verse ‘effects. Dobutansing was then infused at 
dose level for 60 minutes. Resting hemodynamic and 
bolic determinations were performed while patients we. 
sitting on the bicycle, and the exercise protocol was the 
peated. 

Statistical analysis: The results are expressed. as 
+ standard deviations. Hemodynamic and metabolic change: 
were assessed using 2 factors within subjects analy: 
variance model. Each patient was assessed at rest 


a function of the effect of exercise ee versu 

ercise), the effect of the drug (control versus dobu 
administration), and the interaction-of the 2 factors. I 
presence of exercise-drug interactions, F tests were performe 
using orthogonal contrasts to determine the simple ffects 
the drug at maximal exercise.: 


-Results 


While resting upright on the bicycle, the mea 1 car 
index averaged 1.61 + 0.25 liters/min/m?, 


Hemodynamic and metabolic variables are di 
Table I. In the control state, exercise was sus 
4.5 1.2 minutes dial 1), at which po the 


cardiac index during matinal exercise was 
than adequate i increase in both heart rate, fro 


volume index, from 17. 2+ 4, Tto 20. 9: 
<0.001) (Fig. 2). At the point of exhau a 
uptake had reached a plateau of 8.5 + 1.4 ml/ 
while the arteriovenous oxygen difference increa: 
from 7.8 + 1.7 at rest to 12.5 + 2.4 ml/100 ml (p < 
(Fig. 3). Blood lactate had increased from a control lev: 
of 7.9 + 3.0 to 41.2 + 15.7 mg/100 ml (p <0.001) at th 
end of exercise. 

Administration of dobutamine iiiciensed the res 
cardiac index substantially in all patients from 1.6: 
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c and Metabolic Measurements During Exercise on Dobutamine 
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= oxygen consumption. 
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< obtained in the remaining 2 patients (3 and 5). 
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FIGURE 3. Upper panel, cardiac index at rest and at exhaustion dur g 
the control period and during exercise while the patient was recelvi 
dobutamine. ** p <0.01. Middle panel, arteriovenous oxygen difference 
at rest and exhaustion. ** p <0.01; *** p <0.001. Lower panel, oxygen. 
uptake at rest and exhaustion. * p <0.05. a 








0.25 to 2.17 + 0.38 liters/min/m? (p <0.001). Stroke _ 
volume index increased from 17.2 + 4.7 to 22.5 46.7 _ 
ml/m? (p <0.001), while pulmonary capillary wedge 
pressure decreased from 24 + 10.5 to 17.5 + 9.8mm Hg 
(p <0.01) (Fig. 2). The resting heart rate was increased _ 
slightly from 96.3 + 14,1 to 101.0 + 19.5 beats/min (p 
<0.05) and mean arterial pressure decreased from 89. 
+ 19.7 to 80.8 + 15.0 mm Hg (p <0.05). Oxygen uptak: 
at rest was unchanged by dobutamine, and the arte. 
riovenous oxygen difference decreased from 7.8 + 
to 6.1 + 1.1 ml/100 ml (p <0.001) (Fig. 3). me 

_ The optimal rate of infusion of dobutamine averaged _ 
7.8 ug/kg/min (range 5 to 12). In 4 patients (1, 2, 6, and 
7), the rate of infusion was limited by an excessive i 
crease in heart rate, while in 2 others (4 and 8) an au; 
mentation in ventricular premature beats was the li 
iting factor. A maximal increase in cardiac outp 




















Dobutamine therapy did not increase the duration 
of exercise significantly compared with the control pe 
riod: 4.8 + 1.5 versus 4.5 + 1.2 minutes. Thus although 
oxygen uptake reached a higher plateau during exercise — 
performed on dobutamine, 9.1 + 1.2 versus 8.5 + 1.4 — 





vo ex was significantly higher and pul- 

nary capillary wedge pressure lower than during the 
trol period of exercise: 24.8 + 7.9 versus 20.9 + 5.6 
al/m? (p <0.001) and 34.1 + 9.01 versus 39.0 + 8.9 mm 


ig (p <0.05), respectively. In Table II, the hemody- 
amic and metabolic parameters are detailed for the 8 
atients during exercise performed while receiving 
dobutamine. At the point of exhaustion, mean arterial 
pressure tended to be lower.on dobutamine than during 
control period of exercise 97.6 + 21.3 versus 102.4 
mm Hg (p <0.05), while the maximal heart rate 
lar, 134.1 + 22.5 versus 131.8 + 21.8 beats/min 
ce not significant [NS]). The arteriovenous 
xygen difference was lower during exercise performed 
-while on dobutamine than in the control state, 11.2 + 
„1 versus 12.5 + 2.4 mg/100 ml (p <0.01). Nevertheless, 
ood lactate levels were similar in both states, 45.3 + 
-17.6 versus 41.2 + 15.7 mg/100 ml (NS). 


Discussion 


The present study shows that the acute administra- 
ion of dobutamine improves cardiac output not only 
rest but also during maximal exercise in patients with 

sev: phtart failure. However, exercise capacity was not 
proved. 

rest, left ventricular function was substantially 
epressed in our patients as demonstrated by a very low 
ardiac index and an elevated pulmonary wedge pres- 
ire. During exercise, a markedly diminished cardiac 

_ reserve was evidenced by a maximal oxygen uptake, <10 

ml/kg/min, which is compatible with functional class 
of the New York Heart Association.!5 In patients 

vith severe heart failure, inadequate augmentation of 
cardiac output during exercise is due to both impaired 
heart rate response, which parallels the degree of left 
ricular dysfunction,!* and limited ability to increase 
stroke volume despite a further increase in ventricular 
filling pressure.!56 In addition, patients with chronic 
t failure demonstrate an abnormal peripheral 

ar response to exercise which further limits 

al oxygen uptake.!’ A limited vasodilator re- 

e in exercising muscles has been observed in such 

nts and attributed to an increase in sodium and 

r content of the arteriolar wall,!*-!9 increased tissue 
essures,2” an abnormal level of vasoconstriction in 

: ive muscle secondary to an exaggerated sym- 

_ pathoadrenal response to exercise,”! or a combination 

these. Furthermore, peripheral muscles of patients 
heart failure may be unable to extract oxygen 

nally due to metabolic and ultrastructural changes 

‘oduced by prolonged physical inactivity.??.° 
je rationale for the use of inotropic agents in the 

atment of heart failure is to mobilize residual myo- 
dial contractile reserve and thereby improve cardiac 
rformance both at rest and during exercise. In the 

_ failing heart, the presence of contractile reserve has 

been. demonstrated by the phenomenon of postex- 
systolic potentiation”4 as utilized in paired stimu- 
tion.” However, whether inotropic agents can sub- 

y augment cardiac performance and. effect 
t in functional capacity is still controversial 


ients w vere heart fa 2 


Although cardiac glycosides increase | 
contractility in patients with heart failure 
effects on cardiac performance at rest have been | 
served.928-36 Differing responses to digitalis therapy 
myocardial disease may be related to the natural cou 
of congestive heart failure and the severity of dis 
At an early stage, when cardiomegaly is present with 
circulatory failure, the increased myocardial contrac 
tility produced by digitalis may offer little or no chan; 
in already normal resting cardiac output and ventrict 
filling pressure.29.3!.52 Indeed, cardiac output n 
tually decrease if the peripheral effects of 
augment peripheral resistance.®? When. th 
process is more advanced and clinical evidenc 
gestive heart failure is present, the increase in m 
cardial contractility produced by digitalis tends to. 
prove cardiac performance.®28534 During term 
stages of the disease, a similar increase in myoc. 
contractility may no longer be sufficient to impr 
cardiac performance in the presence of an excess 
increase in afterload? A beneficial effect of © 
therapy on maximal oxygen uptake has yet to be 
onstrated. oo 

Catecholamines, and especially dobutamine, increz 
myocardial contractility and improve resting hemod: 
namics in patients with heart failure3’"! Dobuta) 
augments myocardial contractility by direct stimulation 
of myocardial beta-1 receptors, resulting in incr 
levels of intracellular cyclic AMP.*2 In patient: 
heart failure the amount of cyclic AMP generated afte 
incubation of lymphocytes with isoproterenol has b 
shown to be lower than in normal subjects.47 W 
myocardial beta-1 receptors are similarly altere 
whether such alteration limits myocardial responsive 
ness to beta-1 stimulation is not yet known. 7 

Dobutamine also stimulates beta-2 adrenoreceptor: 
which mediate vasodilatation in the peripheral ves: 
This nonspecific vasodilatation induced by dobu 
may have contributed to the increased cardiac out. 
in our patients both at rest and during exercise. How 
ever, since our patients were unable to exercise lon 
the circulation to the exercising muscles probab. 
not benefit from the increased cardiac output. 
observation may be explained by the following re 
soning. In humans vascular beta-2 adrenoreceptors ; 
located in the precapillary sphincters,** and the site 
beta-adrenergic stimulation is different from the si 
of nerve-mediated vasoconstriction.** During maxim 
exercise the local release of metabolites in active muscl 
completely dilates precapillary sphincters,‘®. 
neurally released norepinephrine does not. st: 
beta-2 adrenoreceptors.*7** Thus stimulation of be 
adrenoreceptors by dobutamine cannot further incr 
vasodilatation and blood flow to exercising musc. 
contrast, precapillary sphincters in the mesenteric bed 
are not exposed to local metabolites during exercise ani 
can therefore be dilated by administration of dobut: 
mine. Consequently, mesenteric blood flow is increase 
by dobutamine at rest“? and probably during exercis 









































oted in patients receiving dobutamine. Although not 
ully understood, a similar phenomenon has been ob- 
served in patients with heart failure after administra- 
tion of vasodilating agents.*6.7.50 

In patients with heart failure both dyspnea, which is 
elated in part to an excessive increase in left ventricular 
diastolic pressure, and fatigue, which is due to a limited 
increase in cardiac output, are thought to limit exercise. 
Our patients receiving dobutamine were unable to ex- 
ercise longer despite a higher cardiac output and lower 
ntricular diastolic pressure. This suggests that the 
ctor limiting exercise was not the elevated diastolic 
lling pressure but rather inadequate oxygen delivery 
and peripheral accumulation of metabolites, probably 
lactate, in the exercising muscles.°! Although lactate 
concentrations in muscle were not measured in this 
study, blood lactate levels at the point of exhaustion 
were similar whether dobutamine was being infused or 
ot. Lower blood lactate levels might have been antic- 
pated during dobutamine infusion since the cardiac 
output was higher while the level of exercise was com- 
parable to that of the control state. However, adminis- 
tration of dobutamine may have increased lactate pro- 
duction in the exercising muscles.52 
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r inant effects of oral captopril and in- 
travenous nitroprusside were compared in 15 pa- 
ints with severe chronic congestive heart failure. 
loses. of ‘both drugs ‘titrated. so as to produce 
ilar decreases in systemic vascular resistance 
each patient, nitroprusside produced substantially 
greater increases in cardiac index (+0.67 versus 
+0.31 liters/min/m?, p <0.01) but smaller de- 
2ases in mean arterial pressure (—18.4 versus 
1.0 mm Hg, p <0.01) than did captopril. This 
finding was due to a significant decrease in heart 
with captopril (—7 beats/min, p <0.01) which 
ot seen with nitroprusside, since changes in 
ke volume index with both drugs were similar. 
_Nitroprusside produced a decrease in pulmonary 
_ arteriolar resistance quantitatively similar to the 
_ decrease in systemic vascular resistance, but the 
decrease in pulmonary arteriolar resistance with 




























All vasodilator drugs used in the management of pa- 
ents with severe chronic heart failure are thought to 
exert their beneficial hemodynamic and clinical effects 
acting on the peripheral circulation and thereby al- 
g the loadings conditions that modulate cardiac 
rence 1 Although these drugs may also directly 
prove myocardial contractility, coronary blood flow, 
ventricular compliance,”~’ it is difficult to determine 
to what extent such effects contribute to the hemody- 
amic changes caused by their use in humans. This is 
largely because changes in ventricular performance 
produced by changes in loading conditions are quali- 
tively similar to those that might be expected to result 
om an improvement i in contractility or compliance. 
‘Captopril is an orally effective inhibitor of the an- 
sin-converting enzyme® which produces sub- 
al hemodynamic and clinical improvement in 
; with severe chronic heart failure.®-! It differs 
direct-acting vasodilator drugs in that it exerts its 
cts not by a direct agonist action on the peripheral 
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Sapha was not significant. Despite per 
creases in systemic resistance, captopril pr 
a greater decrease in left ventricular filling pre 
(—10.2 versus —6.9 mm Hg, p <0.01) but a small 
decrease in mean right atrial pressure (—3.1 vers 
—5.3 mm Hg, p <0.01) than did nitroprusside 
Thus, captopril has- actions independent 
systemic vasodilator effects which account for 
quantitative differences observed in its hemo 
namic responses compared with those of 1 
prusside in patients with severe chronic heart f 
These differences support experimental evide 
that angiotensin, in addition to its direct sy: 
arterial vasoconstrictor actions, exerts pos 
chronotropic effects and alters ventricular com 
ance but has minimal direct effects on the limb | 
nous circulation and: on the Palana va 
ture. 























vasculature, but by inhibiting the circulatory respon 
to the endogenous vasoconstrictor angiotensin.) | 
cause its administration is accompanied by bot 
creases in cardiac output and decreases in ventricu 
filling pressure, captopril has been thought by ma 
investigators to produce balanced vasodilation of pe 
ripheral arteries and veins in a fashion similar to 
troprusside.14 Limb plethysmographic studies, howe 
have failed to confirm that captopril has important 
fects on the limb peripheral circulation in patients wit! 
heart failure. This suggests that captopril improve 
cardiac performance by acting on regional circulati 
other than those in the extremities!® or through mech 
anisms that do not involve systemic vasodilation? _ 
We sought to investigate this hypothesis by co 
paring the central hemodynamic effects of capt 
with those of nitroprusside in patients with severe 
failure. The differences we observed in the respon: 
these 2 drugs suggest that captopril exerts some 
effects by mechanisms independent of its vasodil atc ) 
actions. i 
































Methods 


Patient population: We evaluated 15 patients with sever 
chronic heart failure who had persistent dyspnea, fati 
both at rest or on minimal exertion despite optimal conv: 
tional Hee! with digitalis and diuretic agents. Th 
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FIGURE 1. Changes in cardiac index, stroke volume index, and heart rate with captopril (CPT) and nitroprusside (NP), the latter titrated to.2.dose _ 
levels: NP;, doses (104 ug/min) which produced captopritlike decreases in systemic vascular resistance, and NP2, doses (180 g/min) which 


produced captopril-like decreases in left ventricular filling pressure. All val 
and daggers represent significance of changes with each drug comp 


ues are expressed as mean’ standard error of the mean. Asterisks’ 
ared to its control values. P values above the bars represent significance of a 


the hemodynamic changes with captopril compared with those produced by nitroprusside. C = control; NS = not significant, 


nd primary aortic valvular regurgitation with advanced 
ventricular dysfunction in 1 patient: The duration of heart 
ilure was 11 months to 10 years. Normal sinus rhythm was 
sent in 10 patients, atrial fibrillation in 4, and a ventricular 
maker rhythm in 1. 
emodynamic measurements: Al! patients were studied 
uring a period of relative clinical stability, Bed rest was 
intained, and all medications were withheld for 12 hours 
efore evaluation. After written informed consent was ob- 
ained, right heart catheterization was performed with a tri- 
le-lumen flow-directed catheter for measurement of right 
trial, pulmonary arterial, and pulmonary capillary wedge 
essures. Arterial cannulas were inserted into the radial ar- 
ry of all patients for measurement of systemic pressures. 
easurements were made with zero reference level at the 
nid-axillary line with the patient in a supine position. Left 
entricular filling pressure was measured as the mean pul- 
onary capillary wedge pressure. Thermodilution cardiac 
utputs.were determined in triplicate by a bedside cardiac 


MEAN ARTERIAL 
PRESSURE 


SYSTEMIC: VASCULAR 
_ RESISTANCE 


output computer with the use of iced injectate. Heart rat 
were derived from a continuously recorded electrocardi 
gram. Hae 
Drug administration: A protocol was designed to compare 
oral captopril with an intravenous infusion of nitroprussi 
titrated so as to achieve a similar reduction in systemic 
cular resistance and left ventricular filling pressure in eac 
patient under similar baseline hemodynamic conditions 
Baseline determinations of the following variables were made 
repeatedly over 1 to 2 hours (with a variation <10%) before _ 
any drug intervention to ensure stability of the hemodynamic 
state: mean arterial pressure, heart rate, left ventricular filling 
pressure, mean pulmonary artery pressure, mean right atrial _ 
pressure, and cardiac output. ne 
Each patient received both nitroprusside and captopril. 
Nine. patients received nitroprusside first and captopril 
thereafter; the order was reversed in the other 6 patients. The 
administrations of the 2 drugs were separated by at least 24... 
hours. ae 
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FIGURE 2. Changes in mean art 
rial. pressure, systemic vascula 
__ fesistance, and pulmonary 
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JRE 3. Changes in left ventric- 
filling pressure, mean pulmo- 
ry artery pressure, and mean right 
essure with captopril (CPT) 
nitroprusside (NP). Format and ` 
abbreviations as in Figure 1. 
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Sodium nitroprusside was administered in a fashion similar 
t previously described.'® Briefly, 50 mg of the drug 

®) was reconstituted in 250 ml of 5% dextrose in water 

‘used by peripheral vein at controlled rates determined 

VAC 530 infusion pump apparatus. The infusion rate 
as initially 16 g/min and was increased to 33, 67, 107, 213, 
nd 330 ug/min with increments every 30 minutes; all hemo- 
dynamic variables were redetermined 20 minutes after each 
rement in the nitroprusside infusion. After the maximal 
vof nitroprusside was infused, the drug was discontinued 
nd emodynamiic variables were permitted to return to 


'aptopril was administered as 25 mg orally. This dose was 
1osen because of its established effectiveness in previous 
luations of this agent.91!-13 After captopril administration, 
modynamic variables were redetermined at 30-minute 


analysis: Mean systemic and pulmonary artery 

ssures were determined by electronic filtration. Derived 

odynamic variables were calculated as follows: cardiac 

(CI) = CO/body surface area (liter/min/m2); stroke 

e index (SVI) = CI/HR (ml/beat/m?); systemic vascular 

stance (SVR). = 80x (MAP — MRAP)/CO (dynes s cm); 

pulmonary arteriolar resistance (PAR) = 80 X (MPAP — 

VFP)/CO (dynes s cm™5), where CO denotes cardiac output, 

IR = heart rate, MAP = mean arterial pressure, MRAP = 

mean right atrial pressure, MPAP = mean pulmonary artery 
ressure, and LVFP = left ventricular filling pressure. 

hemodynamic responses at the time of maximal cap- 

ril effect (30. to 120 minutes after drug administration) 

; The range of infused rates of nitroprusside was 

ined retrospectively and 2 doses were selected for 

ative analysis: (1) the dose of nitroprusside which 

a percent reduction in systemic vascular resistance 

‘patient of magnitude similar to that produced by 

il (NP;), and (2) the dose. of nitroprusside which 

uced a reduction in left ventricular filling pressure in each 

ient of magnitude similar to that produced by captopril 


pective control values by the ¢ test for paired data. 
itude of the hemodynamic responses to captopril 
do levels of nitroprusside were compared by 
’s multiple range test. was used 
sponses.!? Group data are ex- 

error of then mean: 
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Results 


The control hemodynamic variables before th 
ministration of captopril and nitroprusside were si 
With both drugs, cardiac and stroke volume in 
increased in association with decreases in right and 
ventricular filling pressures, in mean systemi 
pulmonary arterial pressures, and in systemic vas 
resistance (p <0.01 or p <0.001 for all variables 
hemodynamic responses to the administration of each 
drug are shown in Figures 1 to 3. 

Comparative responses at matched reductions 
systemic resistance: The doses of nitroprusside whi 
produced decreases in systemic vascular resistan 
similar to those observed with captopril in each pa 
ranged from 16 to 330 ug/min (mean 104 + 27). At 
dose, nitroprusside produced substantial decreases 
pulmonary arteriolar resistance as well (p <0.00 
the magnitude of this effect was similar to that observed 
in the systemic circulation (—30 versus 34%, res 
tively). In contrast, captopril produced no signi 
decreases in pulmonary arteriolar resistance (—11%, 
>0.10), and the magnitude of the decrease in vascul 
resistance in the systemic circuit with captopril in « 
patient always exceeded that observed in the pulmo 
circulation. The effects of nitroprusside and captopri 
on pulmonary arteriolar resistance differed signifi- 
cantly, p <0.01. 

Despite similar decreases in systemic vascular 
tance with both drugs, nitroprusside produced sign 
cantly greater increases in cardiac index (+0.69 v 
+0.31 liters/min/m?, p <0.01) and smaller decreas 
mean arterial pressure (—11.0 versus —18.4 mm 
<0.01) than captopril. The smaller increase in cardi 
index with captopril was associated with a decrease 
heart rate (~7 beats/min, p <0.01), whereas no signi 
cant changes in heart rate were observed wit. i 
prusside. Changes in stroke volume index d 
drugs mes sirnilar (eT: 9 nl et with nitre 
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greater decreases in left ventricular filling pressure 
(—10.2 mm Hg versus —6.9 mm Hg, p <0.01) but sig- 
nificantly smaller decreases in mean right atrial pres- 
sure (—3.1 mm Hg versus —5.3 mm Hg, p <0.01) than 
did nitroprusside. Changes in mean pulmonary artery 
pressure with both drugs were similar (—9.3 mm Hg 
with captopril and —8.0 mm Hg with nitroprusside). 

Comparative responses at matched reductions in 
left heart filling pressures: The doses of nitroprusside 
which produced decreases in left ventricular filling 
pressures similar to those observed with captopril in 
each patient ranged from 67 to 330 g/min (mean 180 
+ 43), a dose significantly larger than that needed to 

_ produce captopril-like decreases in systemic vascular 
resistance (p <0.01). As a result, these larger doses of 

_nitroprusside produced significantly greater decreases 
in systemic vascular resistance than did captopril (—44 
versus —34%, p <0.01). 

Despite this greater decrease in systemic resistance 
with nitroprusside, mean arterial pressure decreases 
similarly with both drugs; this reflected the substan- 
tially smaller increase in cardiac index with captopril 
than was seen with nitroprusside (+0.31 versus +0.90 
liters/min/m?, p <0.01). The different effects on cardiac 
index were the result of both a decrease in heart rate 
seen with captopril (but not seen with nitroprusside) 
and a greater increase in stroke volume index with this 
higher dose of nitroprusside than was seen with capto- 
pril (+10.5 versus +6.3 ml/beat/m2, respectively, p 
<0.01). 

Although (with these larger doses of nitroprusside) 
left ventricular filling pressure decreased similarly with 
both drugs, nitroprusside produced significantly greater 
decreases in mean right atrial pressure (—5.9 versus 
—3.1, p <0.01) and in mean pulmonary artery pressure 

= (—11.6 versus 9.3 mm Hg, p <0.01) than did capto- 
pril. 


A 


Discussion 


The hemodynamic responses to captopril in our pa- 
tients with severe chronic heart failure differed from 
those observed with nitroprusside with respect to 3 

_ variables: (1) heart rate, (2) pulmonary arteriolar re- 
sistance, and (3) right and left ventricular filling pres- 
- sures. 

Effects of captopril on heart rate: Heart rate de- 
creased significantly with captopril in our patients but 
did not change after the administration of nitroprusside. 

Hence, when doses of both drugs were matched so as to 
produce similar decreases in systemic vascular resis- 
tance, cardiac index increased less and mean arterial 
pressure decreased more with captopril than with ni- 
troprusside. Although decreases in heart rate have been 
noted by other investigators after captopril adminis- 
tration to patients with heart failure,!1:13 such changes 
might have been a nonspecific effect of therapy, since 
heart rate frequently slows after the administration of 
any vasodilator drug that improves cardiac perfor- 

_ mance, and thereby leads to a withdrawal of reflex ad- 


__ renergic activity.1819 In the present study, captopril and 


nitroprusside both produced marked improvements in 
stroke volume and left ventricular filling pressure, but 
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a decrease in heart rate was observed only with capto- 
pril, and thus, must have been the consequence of a 
negative chronotropic effect of the drug independent 
of its peripheral vasodilator actions. Such effects are 
likely mediated by inhibition of the direct cardioac- 
celerating effects of angiotensin.29.21 

When captopril is administered to hypertensive pa- 
tients, the negative chronotropic effects of the drug are 
offset by baroreceptor-mediated reflex tachycardia, and 
thus little change in heart rate is observed.22 In contrast, 
in patients with heart failure, autonomic reflexes are 
attenuated,”* and thus the negative chronotropic ac- 
tions of captopril are left unopposed and heart rate 
slows. A similar explanation has been proposed to ac- 
count for the responses seen with the peripheral vaso- 
dilator drug, prazosin, which directly slows the sinus 
node.” Like captopril, prazosin produces no change in 
heart rate in hypertensive patients but may decrease 
heart rate in patients with heart failure; in doing so, 
prazosin produces relative changes in cardiac index, 
mean arterial pressure, and systemic vascular resistance 
similar to those observed in the present study with 
captopril. 16 

Effects of captopril on pulmonary arteriolar 
resistance: Captopril exerted minimal effects on pul- 
monary arteriolar resistance and right heart filling 
pressures in our patients with severe heart failure. This 
is consistent with experimental evidence that angio- 
tensin has no direct effects on the pulmonary vascula- 
ture or the limb venous circulation,?5-28 and with clinical 
evidence that angiotensin inhibition produces little 
change in pulmonary vascular resistance!2-15.29-31 or 
systemic limb venous capacitance.!5:2?9 It is likely that 
both of these factors contribute to the modest decreases 
in mean right atrial pressure we observed with captopril, 
since right ventricular filling pressures are determined 
both by systemic venous return and by the impedance 
to right ventricular ejection. Accordingly, because of its 
marked effects on systemic limb venous capacitance and 
on pulmonary arteriolar resistance,!4 nitroprusside 
produced greater decreases in mean right atrial pressure 
than did captopril. The minimal effects of captopril on 
pulmonary arteriolar resistance may explain why ar- 
terial oxygen content does not decrease in patients with 
heart failure after converting-enzyme inhibition®2 but 
does decrease significantly with drugs that possess di- 
rect pulmonary vasodilating actions (such as nitro- 
prusside).°3 

Effects of captopril on ventricular filling pres- 
sures: Despite smaller decreases in right heart filling 
pressures, captopril produced greater decreases in left 
ventricular filling pressure than did nitroprusside. This 
was an unexpected finding. Since captopril exerts 
minimal effects on systemic venous capacitance and 
right heart filling pressures, we would have expected a 
smaller decrease in central blood volume (volume of the 
circulation from the pulmonary valve to the aortic 
valve*‘) and hence in pulmonary capillary wedge pres- 
sure with captopril than with nitroprusside at doses 
matched to produce similar decreases in systemic vas- 
cular resistance. Even if we attributed the more modest 
decreases in mean right atrial pressure with captopril 
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entirely to its lesser reduction of right ventricular af- 
terload (thus assuming that decreases in central blood 
volume with both drugs were similar), we would have 
anticipated that left heart filling pressure would have 
decreased similarly with captopril and nitroprusside. 
Our observation, however, that left ventricular filling 
pressure decreased more with captopril suggests that 
this drug must act to lower left heart pressure by a 
mechanism independent of changes in the peripheral 
arterial or venous circulations, possibly by a direct effect 
on pulmonary vascular compliance or by changing the 
pressure-volume relations in the left ventricle.? The 
latter hypothesis is supported by the work of Alderman 
and Glantz,° who noted that angiotensin shifts the 
pressure- -volume relations of the human left ventricle 
so as to make the ventricle less compliant; antagonism 
of this shift by captopril could contribute to the marked 
decrease in left ventricular filling pressure we ob- 
served. 

Limitations of the study: We tried to explain the 
observed differences between the effects of captopril 
and nitroprusside in our patients with severe heart 
failure by attributing to captopril actions opposite of 
those characteristic of angiotensin. However, since we 
only measured a limited number of central hemody- 
namic variables, our hypotheses are based on several 
assumptions. Although both drugs were titrated to 
produce similar decreases in systemic vascular resis- 
tance, direct measurements of ventricular afterload 
(wall stress and aortic impedance**.*®) were not per- 
formed; if these loading variables were affected differ- 
ently by nitroprusside and captopril, this might have 
contributed to some of the differences we observed be- 
tween them. We attributed observed differences in the 
effects of the 2 drugs on left heart filling pressure to 
hypothesized differences in their effects on ventricular 
compliance; yet, we did not measure ventricular vol- 
umes, and we assumed that the effects of nitroprusside 
were entirely attributable to peripheral vasodilation. 
However, nitroprusside may also alter ventricular 
pressure-volume relations, although such effects appear 
quantitatively less marked than those exerted by an- 
giotensin.® Finally, we assumed that observed differ- 
ences in the effects of the 2 drugs on heart rate were the 
result of a direct negative chronotropic effect of capto- 
pril, but since both drugs affected right and left ven- 
tricular filling pressures differently, differences in de- 
gree of reflex stimulation of intracardiac mechanore- 
ceptors®’ might also have accounted for the observed 
heart rate responses; captopril-induced decreases in 
heart rate may also be secondary to its effects on the 
sympathetic nervous system.*® Further work needs to 
be done to confirm by direct measurement the hy- 
potheses suggested by our observations. 

Clinical implications: The differences we observed 
in the circulatory effects of captopril and nitroprusside 
in our patients with severe heart failure have important 
clinical implications. Although captopril’s negative 
chronotropic effects could be clinically beneficial in 
patients with underlying coronary artery disease, the 
decrease in heart rate could potentiate the profound 
hypotension that is occasionally seen with initial doses 
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of the drug!!+!2; indeed, the decreases in mean arterial 
pressure with captopril in heart failure patients are 
greater than those observed with most other vasodilator 
agents. Furthermore, patients with sick sinus syndrome 
may experience severe symptomatic bradycardias with 
the use of antihypertensive agents that possess direct 
negative chronotropic effects,*® and caution should be 
exercised in the use of captopril in these patients. Of 54 
patients with severe chronic heart failure that we have 


treated with captopril, 2 manifested asymptomatic but 


recurrent episodes of severe sinus bradycardia (heart 


rates <40 beats/min), which were shown to be directly — A 


attributable to treatment with the drug by rechallenge 
studies. Both patients had a history compatible with 


sick sinus syndrome before institution of captopril 4 


therapy. 


Our findings that captopril has minimal effects on _ 


pulmonary arteriolar resistance also has clinical im- 
portance. The lack of a significant pulmonary vasodi- 
lator action suggests that captopril has limited useful- 
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ness in patients with marked impairment of right ven- 


tricular function, whereas most other systemic vasodi- 


lator drugs used in the management of heart failure 


possess marked effects on the pulmonary vasculature 


and can improve right heart performance.*° As a result, 
the use of captopril should probably be avoided in pa- 
tients with severe pulmonary vascular disease, regard- 
less of whether it is structurally fixed or due to active _ 
vasoconstriction. In such patients, the failure of cap- 
topril to reduce transpulmonary resistances is likely to 
limit any increases in cardiac output that might other- — 





wise be expected to accompany drug-induced systemic — 


vasodilation, and this might result in profound systemic — 


hypotension. This hypothesis requires further study. 


Conclusion: Our comparative study of the responses — 


to captopril and nitroprusside in patients with severe 
heart failure indicates that captopril exerts hemody- 


namic effects independent of its systemic vasodilator — 


actions. These effects are consistent with the concept 
that the responses to captopril are mediated by inhi- 
bition of angiotensin, which has direct arterial vaso- 
constrictive and positive chronotropic actions and alters 
ventricular compliance, but has minimal direct effects 


on the limb venous circulation and on the pulmonary ~ 


vasculature. 
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12). x 4002 Unit-of-Use bottles and 100 {4 x25) x 15 mi Unit- 
ase bottles. 


: lFor complete: details, please consult full prescribing information) 
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The all new 16th Edition of MODERN DRUG ENCYCLOPEDIA 
written especially for the practitioner who. needs complete, obje 
tive information on prescription: drugs. i 


An independent team of pharmacists and physicians has researched and Jedi 
all the facts on 3,000 prescription drugs. It passes this research onto you 
easy to absorb style that's perfectly suited to the tight schedule of atime pr 
practitioner: i 


Some handbooks just reprint maniau package inserts: They don’ 
Just print material manufacturer pays to have included. 


Here’s what careful planning does for 

MODERN DRUG ENCY CLOPEDIA: a 

e limits entries to prescription drugs. You don't waste time flippin 
through pages of extraneous drugs. ; 

e lists over 3,000 pharmacéuticals, - biologicals, and allergens in oni 
a-z sequence. 

è arranges entries by generic name, All brand names in one place 

è written in concise language for quick comprehension. 

+ designed with a “strong focus” layout, easy-to-read type; and bold 
subject headings. : 


The 1,000 page main section. arranges over 3,000 drugs.a inbabe 
cally by generic name: Each entry covers vital facts about bran 
names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material foun 
in the main section as follows: 

o GENERAL INDEX of alt brand generic names in handy alphabeti 
sequence. 

e THERAPEUTIC INDEX of which: drugs are prescribed for whic 
purpose. Allows you a wide se lection of therapy based on you 
tient’s special needs. 

® MANUFACTURERS INDEX of names’ and ‘addresses and iota 
names. Helps you ‘identify: the. drug when: you only know the. 
manufacturers name: Sy 


Try using MODERN DRUG ENCYCLOPEDIA for 30 days at ou 
risk. Then keep it only if you're ‘convinced that it answers a practi 
tioner’s need for concise, easy to read information on presei 
drugs. : 
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(In 24 Hour Ambulatory ECG Monitoring) 


























Why did Marquette Electronics enter the already crowded Holter 
monitoring equipment business? 

Simply because we are convinced that ambulatory ECG Beene 
needed an entirely new approach to the problem, and that we coul 
offer valuable new technology. 


- Actually, we do a number of things that are entirely new: 


e We digitize all 24 hours of data from the patient’s tape recording 
ona “megabyte” sized, hard disc so we have immediate access to 
every segment, every beat of the record without winding, rewind- 
ing and waiting to find events on the tape. 

* We process this string of perhaps 100,000 cardiac beats through an 
“Array Processor’, a new type of high speed computer. Of course, 
with everything immediately accessible on disc, it is possible to do 
Pepene analysis of the data rather than doing everything on 
the fly. i 

* We automatically generate a comprehensive, accurate summary of 

_ the patient's data, ready for physician/technician review in 15 min- 
utes, but save all the data on disc until the overreading process is 
completed. In this way, any part of the 24-hour record can be 

_ examined, challenged and edited. 

* We do all of this in multiple ECG lead format so that there’s a much 
better chance of separating noise artifact from the real data and in 
calling ectopic beats accurately. 

* And, we built a highly-automated manufacturing facility to pro- 
duce an ambulatory pocket recorder that’s smaller, lighter, more 
reliable and lower in cost than any competitive instrument on the 
market. 

So, you see, there are lots of solid reasons why you should take a 

careful look at this new Marquette equipment before you buy a 

Holter System. 


weht kal Salla 


Michael J. Cudahy < > Paul Schluter; Ph.D. 
President a Project Director 










For more information, call Marquette Electronics: (414) 355-5000 
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DESCRIPTION 

ii GARDIZEM™ (diltiazem hydrochloride) is a calcium ion influx inhibitor (slow channel blocker or calcium antag- 
oonist). Chemically, diltiazem hydrochloride is 1,5-Benzothiazepin-4(5Hjone ,3-(acetyloxy}-5-| 2-(dimethyl- 
oc aminojethyl]-2,3-dihydro-2-(4-methoxyphenyl)-, monohydrochloride,{+) -cis-, The chemical structure is; 


on 


CHyCHyN(CH3)o 





HCI 





¿Diltiazem hydrochloride is a white to off-white crystalline powder with a bitter taste. It is soluble in water, 
methanol, and chloroform. R has a molecular weight of 450.98. Each tablet of CARDIZEM contains either 30 mg or 
60:mg diltiazem for oral administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed to be related to its ability to inhibit the influx of 
cium: ions during membrane depolarization of cardiac and vascular smooth muscle. 

Mechanism of Action. Although precise mechanisms of its antianginal actions are still being delineated. 
CARDIZEM is. believed to act in the fallowing ways: 

1. Angina. Due to Coronary Artery Spasm: CARDIZEM has been shown to be a patent dilator of coronary 
arteries both epicardial and subendocardial. Spontaneous and ergonovine-induced coronary artery spasm 
are inhibited by CARDIZEM. 

2.. Exertional Angina: CARDIZEM has been shown to produce increases in exercise tolerance probably due to its 

ability to reduce myocardial oxygen demand. This is accomplished via reductions in heart rate and systemic 
: blood pressure at submaximal and maximal exercise work loads. 

in animal models. diltiazem interferes with the slow inward (depolarizing) current in excitable tissue. it causes 

excitation-contraction uncoupling in various myocardial tissues without changes in the configuration of the action 
“potential. Ditiazem produces relaxation of coronary vascular smooth muscle and dilation of both large and small 
onary arteries at drug levels which cause little or no negative inotropic effect. The resultant increases in 

: coronary blood flow (epicardial and subendocardial} occur in ischemic and nonischemic models and are 
iccompanied by dose-dependent decreases in systemic blood pressure and decreases in peripheral resistance 

Hemodynamic and Electrophysiologic Effects. Like other calcium antagonists. diltiazem decreases sinoatrial 

fid atrioventricular conduction in isolated tissues and has a negative inotropic effect in isolated preparations. in 
‘the intact animal, prolongation of the AH interval can be seen at higher doses. 

Inman, diltiazem prevents spontaneous and ergonovine provoked coronary artery spasm. it causes a decrease 
-peripheral vascular resistance and a modest fall in blood pressure and, in exercise tolerance studies in patients 
with ischemic heart disease, reduces the heart rate/blood pressure product for any given work load. Studies to 
date primarily in patients with good ventricular function, have not revealed evidence of a negative inotropic effect, 
cardiac output, ejection fraction. and left ventricular end diastolic pressure have not been affected. There are as yet 
jew data on the interaction of diltiazem and beta-blockers. Resting heart rate is usually unchanged or slightly 
reduced by diltiazem. 

-c Intravenous diltiazem in doses of 20 mg prolongs AH conduction time and AV node functional and effective 
fetractory periods approximately 20%. in a study involving single oral doses of 300 mg of CARDIZEM in six normal 
volunteers, the average maximum PR protongation was 14% with no instances of greater than first-degree AV 
block. Diltiazem-associated prolongation of the AH interval is not more pronounced in patients with first-degree 
heart block. In patients with sick sinus syndrome, diltiazem significantly prolongs sinus cycle length (up to 50% in 
some cases), 
“Chronic oral administration of CARDIZEM in doses of up to 240 mg/day has resulted in small increases in PR 
Nerval, but has not usually produced abnormal prolongation. There were. however, three instances of second- 
degree. AV block and one instance of third-degree AV block in a group of 959 chronically treated patients. 
Pharmacokinetics and Metabolism. Diltiazem is absorbed from the tablet formulation to about 80% of a 
reterence capsule'and is subject to an extensive first-pass effect, giving an absolute bioavailability (compared to 
intravenous dosing) of about 40%. CARDIZEM undergoes extensive hepatic metabolism in which 2% to 4% of the 
unchanged drug appears in the urine. In vitro binding studies show CARDIZEM is 70% to 80% bound to plasma 
proteins. Competitive ligand binding studies have also shown CARDIZEM binding is not altered by therapeutic 
concentrations of digoxin, hydrochlorothiazide, phenylbutazone, propranolol, salicylic acid, or warfarin. Single 
‘oral doses: of 30 to 120 mg of CARDIZEM result in detectable plasma levels within 30 to 60 minutes and peak 
plasma levels 2 to 3 hours after drug administration. The plasma elimination half-life following single or muligle 
rug administration is approximately 3.5 hours. Desacetyl diltiazem is also present in the plasma at levels ot 10% 
0.20% of the parent drug and is 25% to 50% as potent as a coronary vasodilator as diltiazem. Therapeutic blood 
fevels of CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a departure trom eet when 
‘single doses above 60 mg are given; a 120-mg dose gave blood levels three times that of the 60-mg dose. There is 
no. information about the effect of renal or hepatic impairment on excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM is indicated in the treatment of angina pectoris 
due to coronary artery spasm. CARDIZEM has been shown effective in the treatment of spontaneous 
coronary artery spasm presenting as Prinzmetal's variant angina {resting angina with ST-segment elevation 

occurring during attacks). 

Chronic Stable Angina (Classic Eftort-Associated Angina). CARDIZEM is indicated in the management of 
“chronic: stable angina in patients who cannot tolerate therapy with beta-blockers and/or nitrates or who 
“remain symptomatic despite adequate doses of these agents. CARDIZEM has been effective in short-term 
‘ontrolied trials in reducing angina frequency and increasing exercise tolerance, but confirmation of 
ustained effectiveness is incomplete. 

‘e are no cbntrolied studies of the effectiveness of the concomitant use of diltiazem and beta-blockers or of 
fety:of this combination in patients with impaired ventricular tuniction or conduction abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in 1) patients with sick sinus syndrome except in the presence of a functioning 

entricular pacemaker, 2) patients with second- or third-degree AV block, and 3) patients with hypotension (less 
90mm Hg systolic). 


4, Cardiag Conduction. CARDIZEM protongs AV node refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus syndrome. This effect may rarely result in abnormally 
slow heart rates (particularly in patients with sick sinus syndrome) or second- or third-degree AV block (4 of 

=: 959 patients for'0,42%). Concomitant use ot diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A- patient with Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg diltiazem. k 

v Gongestive Heart Failure. Although:diltiazem has a negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with normal ventricular function have not shown a reduction 

oo m cardiac index nor consistent ‘negative: effects on: contractility (dp/dt). Experience with the. use of 


CARDIZEM. alone’ or in combination with. beta-blockers in patients with impaired ventricular function is... 


cardizem. 
(diltiazem HCl) 


30 mg and 60 mg tablets 





of viral hepatitis and received no other drugs but isosorbide dinitrate. 

No other similar liver injury has been reported in clinical trials, but marketing experience in | 
resulted in a rechallenge confirmed instance of hepatocellular injury, However, it should be notet 
have been further episodes of raised transaminases in the absence of diltiazem in this patient, 
relationship to diltiazem of the abnormalities is not completely clear. Other instances of tra 
elevation have been reported in Europe, but their relationship to drug is uncertain. 


PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by the kidneys and in bile. / 
new drug given over prolonged periods, faboratory parameters should be monitored at regular interval: 
should be used with caution in patients with impaired renal or hepatic function. In subacute and chror 
rat studies designed to produce toxicity, high doses of diltiazem were associated with hepatic damage 
subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were associated with histological 
the liver which were reversible when the drug was discontinued. in dogs. doses of 20 mg/kg were also 
with hepatic changes, however, these changes were reversible with continued dosing. 

Drug interaction, Pharmacologic studies indicate that there may be additive effects in protonging AVA 
when using beta-blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS) 

Uncontrolled domestic studies suggest that concomitant use of CARDIZEM and beta-blockers or 
usually well tolerated. Available data are not sufficient, however, to predict the effects of concomitant 
particularly in patients with left ventricular dysfunction or cardiac conduction abnormalities: the effect 
on serum digoxin levels has not been examined, The safety of the combination of CARDIZEM and beta-| 
digitalis is currently being investigated in well-controlled studies. 

Carcinogenesis, Mutagenesis, Impairment of Fertility, A24-month study in rats and a 21-month sti 
showed no evidence of carcinogenicity, There was also no mutagenic response in in vitro bacterial 
intrinsic effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. Ader 
of doses ranging from 5 to 10 times greater (on a mg/kg basis) than the daily recommended 'theraneuti 
resulted in embryo and fetal lethality. These doses. in some studies, have been reported to cau: 
abnormalities. in the perinatal/postnatal studies. there was some reduction in early individual pup w 
survival rates. There was an increased incidence of stillbirths at doses of 20 times the human dose < 

There are no well-controlled studies in pregnant women, therefore, use CARDIZEM in pregnant wor 
the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. it is not known whether this drug is excreted in human milk. Because many 
excreted in hurnan milk, exercise caution when CARDIZEM is administered to a nursing woman if 
benefits are thought to outweigh its potential risks in this situation 

Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it should be recognized th 
with impaired ventricular function and cardiac conduction abnormalities have usually been excluded: | 
with an added beta-blocker is also extremely jimited. 

In domestic placebo-controlied trials. the incidence of adverse reactions reported during CARDIZE 
was not greater than that reported during placebo therapy. 

In addition, the following have been reported infrequently and represent occurrences which can” 
reasonably associated with the pharmacology of calcium influx inhibition. In many cases, the relat 
CARDIZEM has not been established. The most common occurrences, as well as their frequency of pre 
are nausea (2.7%), swelling/edema (2.4%), arrhythmia (2.0%), headache (2.0%), rash {1.8%}. a 
(1.1%). In addition, the following events were reported infrequently (< 1.0%). The order.of pr 
corresponds to the relative frequency of occurrence. 

Cardiovascular: Flushing, congestive heart failure, bradycardia, hypotension, syncope, 
heart 

Drowsiness, dizziness. lightheadedness, nervousness, depression, wea 
somnia, confusion. hallucinations 

Gastrointestinal Vomiting, diarrhea, gastric upset. constipation, indigestion, pyrosis 
Dermatologic Pruritus, petechiae, urticaria 

Other: Photosensitivity, nocturia, thirst, paresthesia, polyuria, osteoarticular pi 

The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of vasospastic angina developed periods ¢ 
asymptomatic asystole approximately five hours after receiving a single 80-mg dose of CARDIZEM. 

Experience in 959 patients taking oral doses of CARDIZEM resulted in three cases (0.31%) of second: 
block and one case (0.10%) of third-degree AV block at doses of 240 to 360 mg daily. 

in rare instances, mild to moderate transient elevations of alkaline phosphatase, SGOT, SGPT, LDH 
have been noted during CARDIZEM therapy. A single incident of markedly elevated liver enzymes asso: 
symptoms was reported in a patient taking 360 mg per day for four days. Drug was discontinued am 
normalized within t week 


OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experiences with oral diltiazem have not been reported. Single oral doses of 300-mg of € 
have been well tolerated by healthy volunteers. in the event of overdosage or exaggerated response a 
supportive measures should be employed in addition to gastric lavage. The following. measure 
considered: : 
Bradycardia 


High-Degree AV Block 


Central Nervous System: 


Administer atropine (0.60 to 1.0 mg). If there is no response to vagal 
administer isoproterenol cautiously. ; 

Treat as for bradycardia above. Fixed high-degree AV block should be tn 
cardiac pacing. $ 
Cardiac Failure Administer inotropic agents (isoproterenol, dopamine or dobutamine}: and 
Hypotension Vasopressors (eg, dopamine or levarterenol bitartrate). 7 

Actual treatment and dosage should depend on the severity of the clinical situation and the jude 
experience of the treating physician. 

The oral LDsa’s in mice and rats range from 415 to 740 mg/kg and from 560 to 810 mg/kg, respec 
intravenous LDso's in these species were 60 and 38 mg/kg, respectively. The oral LDso in dogs is consid 
inexcess of 50 mg/kg while lethality was seen in monkeys at 360 mg/kg. The toxic dose in man is not k 
blood levels in excess of 800 ng/ml have not been associated with toxicity. 


DOSAGE AND ADMINISTRATION 
Exertional Angina Pectoris Due to Atherosclerotic Coronary Artery Disease or Angina Pectoris at R 
Coronary Artery Spasm. Dosage must be adjusted to each patient's needs. Starting with 30. mg four ti 
before meals and at bedtime, dosage should be increased gradually to 240 mg (given in divided doses th 
times daily) at gne- to two-day intervals until optimum response is obtained. The effectiveness. anc 
dosages exceeding 240 mg per day are currently being investigated. There are no available data concerni 
requirements in patients with impaired renal or hepatic function. If the drug must be used in-such patient 
should be carried out with ae caution, 
Concomitant Use With Other Antianginal Agents. 
1, Sublingual NTG may be taken as required to abort acute anginal attacks during CARDIZEM the 
2. Prophylacti¢ Nitrate Therapy —- CARDIZEM may be sately co-administered with short- and 1c 
nitrates. but there have been no controlled studies to evaluate the antianginal effectivene: 
combination. 
3. Beta-blockers (See WARNINGS and PRECAUTIONS}. 


HOW SUPPLIED 
CARDIZEM 30-mg tablets are supplied in bottles af 100 (NDC 0088-1771-47). Each green tablet is eng 
MARION. of one side and 1771 engraved on the other. CARDIZEM 60-mg scored tablets are supplied in 
100 (NDC 0088-1772-47).-Each yellow tablet is engraved with MARION on one side and 1772 on m 
: re ’ ss 
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Relation of Electrocardiographic Abnormalities and 
Patterns of Left Ventricular Hypertrophy Identified by 
2-Dimensional Echocardiography i in Patients With 


Hypertrophic Cardiomyopathy 


BARRY J. MARON, MD, JAMES K. WOLFSON, ELISABETTA CIRÓ, MD, and 


PAOLO SPIRITO, MD 


Distribution of left ventricular (LV) hypertrophy was 

assessed by wide-angle, 2-dimensional  (2-D) 

echocardiography In 153 patients with hypertrophic 

cardiomyopathy and compared with the scalar 

electrocardiogram In the same patients. The most 

common electrocardiographic alterations were S-T 

segment changes and T-wave Inversion (61% Jiv LV 

hypertrophy (47%), abnormal Q waves (25%), and _ 
left atrial enlargement (24%). LV hypertrophy on 

the electrocardiogram was. significantly more 
common in patlents with the most extensive distri- 

bution of LV hypertrophy on 2-D echocardiogram: 
Involving substantial portions of both the ventricular 

septum arid LV free wall (type Ill; 51 of 69, 74%) 

than in those with more limited distribution: of LV 

hypertrophy (21 of 84, 25%; p <0.001). Most pa- 

tients with hypertrophic cardiomyopathy and normal 
electrocardiograms (13 of 23) had localized (type 

1) hypertrophy, but only 4 had the extensive type ill 

pattern of hypertrophy. 


A variety of abnormalities may be present in the 12-lead 
electrocardiogram in patients with hypertrophic car- 
diomyopathy./~ Electrocardiographic changes in such 
patients have been reported to show little relation to the 
morphologic and functional changes identified by M- 
mode echocardiography. 2-5 Recent studies with wide- 
angle, 2-D echocardiography in patients with hyper- 
trophic cardiomyopathy®’ have demonstrated a variety 
of patterns of distribution of hypertrophy, not appre- 
ciated by M-mode echocardiography alone. Hence, we. 


From the Echocardiography Laboratory and Cardiology Branch, National 
Heart, Lung, and Blood institute, National Institutes of Health, Bethesda, 
Maryland. Manuscript received May 3, 1982; revised manuscript re- 
celved July 1, 1982, accepted July, 2, 1982. 

Address for reprints: Barry J. Maron, MD, Building 10, Room 7B-15, 
National Heart, Lung, and Blood Institute, National institutes of Health, 
Bethesda, Maryland 20205. 


Abnormal . Q waves, were significantly more 
corhmon in those patients without hypertrophy of the 
anterior, basal septum (type IV; 15 of 27,56% ) than 
in those with basal septal hypertrophy (23 of 126, 
18%; p <0. 001); abnormal Q waves were uncom- 
mon in extensive type Ill distribution of hypertrophy 
(13 of 69, 19%). 

Thus, although no single: electrocardiographic 
abnormality is characteristic of hypertrophic car- 
diomyopathy, 2-D echocardiography clarifies the 
significance of certain electrocardiographic pat- 
terns: (1) LV hypertrophy on the electrocardiogram, 
although. present in only about half of the study 


„group, was a relatively sensitive (74% ) marker for 


extensive (type lil) LV hypertrophy; (2) abnormal 
Q waves cannot be explained by ventricular septal 
hypertrophy alone; and (3) a normal electrocardi- 
ogram was most commonly a manifestation of lo- 
calized LV hypertrophy. 


éxamined the relation between the extent and distri- 
bution of LV hypertrophy assessed by 2-D echocardi- 
ography and abnormalities on the 12-lead electrocar- 
diogram in a large group of patients with hypertrophic ` 
cardiomyopathy, in an attempt to clarify the signifi- 
cance of electrocardiographic patterns in this disease. 


Selection of Patients 


Between February and November 1979, 186 patients 
with a diagnosis or a suspected diagnosis of hypertro- 
phic cardiomyopathy (by virtue of personal or family 


' history, physical examination, or M-mode echocardio- 


189 


graphic or hemodynamic and angiographic studies) at 
the National Heart, Lung, and Blood Institute were 
studied with 2-D echocardiography. Of the 186 patients, 
125 were selected for the study group because they were 


considered to have undergone technically satisfactory 
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190 ° ELECTROCARDIOGRAPHY AND ECHOCARDIOGRAPHY IN HYPERTROPHIC CARDIOMYOPATHY 


2-D echocardiographic examination; that is, there was 
acceptable recognition of the endocardial and epicardial 
borders of the LV free wall, and delineation of the 
boundaries of the ventricular septum was obtained in 
at least the short- and long-axis views. In addition, 28 
other patients with hypertrophic cardiomyopathy not 
surgically treated and with a technically satisfactory 2-D 
echocardiogram were added to the study group: (1) 13 
patients in the 2 echocardiographically defined mor- 
phologic groups®” with the smallest number of patients 
(types I and IV as described later) evaluated after No- 
vember 1979; and (2) 15 patients with no abnormality 
on any recorded 12-lead electrocardiogram. These 15 
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FIGURE 1. Artistic representation of the 4 patterns of hypertrophy 
identified by wide-angle 2-D echocardiography in 153 patlents with 
hypertrophic cardiomyopathy. Shown only in cross-sectional (short-axis) 
planes at the level of the mitral valve. A = anterior; AML = anterior 
mitral leaflet; L = (patient's) left; LVFW = left ventricular free wall; P 
= posterior; PML. = posterior mitral leaflet; R = (patient's) right; RV = 
right ventricular. 
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patients and 9 others with a normal electrocardiogram 
(who are included in the consecutive group of 125 pa- 
tients just described) constitute the total number of 24 
patients with hypertrophic cardiomyopathy and a 
normal electrocardiogram evaluated at the National 
Heart, Lung, and Blood Institute. 

Hence, 153 patients with hypertrophic cardiomyop- 
athy comprised the overall study group. In these pa- 
tients, the diagnosis of hypertrophic cardiomyopathy 
was established with either M-mode or 2-D echocardi- 
ography by the demonstration of a nondilated, hyper- 
trophied left ventricle in the absence of another cardiac 
or systemic disease which itself could produce left 
ventricular hypertrophy.® Specifically, no study patient 
was known to have coronary heart disease, systemic 
hypertension, or valvular heart disease. 


Characterization of Patients 


The 158 study patients ranged in age from 5 to 69 
years (mean 36). Ninety patients (59%) were male and 
63 (41%) were female. Of the 153 patients, 48 (31%) had 
no functional limitation (New York Heart Association 
class I°), 41 (27%) had mild symptoms (functional class 
TI), and 64 (42%) had moderate to severe functional 
limitation (classes III and IV). 

The magnitude of LV outflow tract obstruction under 
basal conditions was assessed at cardiac catheterization 
(97 patients) or was estimated from the M-mode echo- 
cardiogram based on the magnitude and duration of 
systolic anterior motion of the anterior mitral leaflet (56 
patients).19 Outflow obstruction (gradient 230 mm Hg) 
was present at rest in 51 patients and was minimal (<30 
mm Hg) or absent in the other 102 patients. Ninety-five 
of the 153 patients were taking cardioactive medication 
at the time of electrocardiographic study, including 66 
receiving propranolol, 14 verapamil, 9 digitalis, and 6 
quinidine. 


Methods 


M-mode echocardiography: M-mode echocardiography 
was performed with use of a 2.25 MHz, 1.25 cm diameter un- 
focused Aerotech transducer and a HoffreI 201 ultrasonic 
receiver interfaced with a Honeywell 1856 strip chart recorder. 
The methods utilized for imaging the ventricular septum and 
posterior LV free wall have previously been described.!+ 
Maximal thickness of the ventricular septum was measured 
just before atrial systole with the ultrasonic beam directed 
through or slightly below the caudal margins of the mitral 
leaflets. Thickness of the posterior LV free wall was measured 
during the same phase of the cardiac cycle, with the ultrasonic 
beam passing through the mitral leaflet tips. . 

Two-dimensional echocardiography: A Varian (V-3400) 
real-time, phased-array, 80° ultrasonic sector scanner with 
hand-held 2.25 MHz transducer was used to perform 2-D 
echocardiographic studies. The 2-D echocardiographic ex- 
amination included the imaging of a number of cross-sectional 
planes through the heart. Serial short-axis views of the left 
ventricle were obtained by initially orienting the sector plane 
perpendicular to the long axis of the left ventricle from a 
standard transducer placement on the chest. The “short-axis 
sweep” was performed by maintaining the transducer in a 
fixed location on the chest wall and slowly angling the image 
plane from aorta (cephalad) to apex (caudad).!2 However, in 
the short-axis view, ultrasonic beam angulation from a single 
fixed transducer location prohibits imaging multiple cross- 
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sectional planes that are truly perpendicular to the cepha- 
lad-caudad axis. The apical portions of the anterior regions 
of the LV wall (that is, the anterior ventricular septum and 
anterior free wall) that are not well visualized in the short-axis 
plane are, however, often visualized in the long-axis and apical 
views. 


The long-axis view was obtained by orienting the sector - 


plane 90° to the short-axis plane and parallel to the longitu- 
dinal axis of the left ventricle, taking care to avoid improper 
angulation of the scan plane tangentially through the ven- 
tricle. The apical 4-chamber view was obtained with the 
transducer placed at the cardiac apex and the tomographic 
plane directed perpendicular to the ventricular and atrial 
septa and through the plane of the mitral and tricuspid valve 
orifices to permit simultaneous display of both atria and 
ventricles, atrioventricular valves, and cardiac septa.!3 

The location of regions of hypertrophy was identified in 2 
cross-sectional planes according to previously described cri- 
teria.®7 In the anteroposterior plane, hypertrophy was des- 
ignated as involving either the ventricular septum or the LV 

free wall. The ventricular septum was divided into 2 ap- 
proximately equal-sized segments: anterior and posterior. The 
LV free wall was divided into 3 segments: the anterior, lateral, 
and posterior. In the cephalad-caudad plane the left ventricle 
was divided into 2 segments: the basal portion that extends 
from cardiac base to the inferior margins of the mitral leaflets, 
and the apical portion which included that portion of the left 
ventricle imaged caudal to the mitral leaflets. 

Echocardiographic classification of morphologic 
types: Four basic patterns of distribution of LV hypertrophy 
were identified by 2-D echocardiography in the study patients. 
This classification has previously been described in detail,® 
but for the purposes of this study is also described briefly 
here. 

In type I hypertrophy was confined to the anterior segment 
of the ventricular septum, usually the basal region alone but 
often both the basal and apical portions; the LV free wall and 
posterior portion of ventricular septum appeared essentially 
normal. In type IJ, hypertrophy involved both the anterior 
and posterior segments of the ventricular septum; the left 
ventricular free wall appeared essentially normal. In type ITT, 
hypertrophy involved substantial portions of both the ven- 
tricular septum and anterolateral LV free wall; the predomi- 
nant region of hypertrophy was usually in the anterior or 
posterior segment of the ventricular septum, and often the 
only region of the LV wall free of hypertrophy was the pos- 


1 
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terior free wall. In type IV, hypertrophy involved regions of 
the LV wall, other than the anterior basal ventricular septum, 
that is, the posterior segment of the septum, anterolateral free 
wall, or the ventricular septum in its apical half. In each pa- 
tient with type IV, M-mode echocardiography failed to show 
evidence of hypertrophy because LV wall thickening was 
situated in regions of the left ventricle that were inaccessible 
to the path of the conventional M-mode ultrasonic beam. 
However, 2-D echocardiography did permit identification of 
these regions of LV hypertrophy not visualized by M-mode 
echocardiography.’ Patients with type IV hypertrophy were 
usually suspected clinically of having hypertrophic cardio- 
myopathy because of a distinctly abnormal scalar electro- 
cardiogram (which most often showed deep Q waves, T-wave 
inversion, or right ventricular hypertrophy) and a family 
history of hypertrophic cardiomyopathy. 

Electrocardiographic procedure and criteria: Standard 
12-lead electrocardiography was performed with patients in 
the supine position during quiet respiration. Either a Sanborn 
heat-sensitive paper or a Marquette ink-writer electrocar- 
diographic machine was used. The electrocardiogram was 
recorded on the same day the 2-D echocardiogram was per- 
formed in 122 (80%) of the patients, within 1 week of the 
echocardiogram in 15 (10%) other patients, within 5 months 
in 13 patients (8%), and within 12 or 18 months in the re- 
maining 3 patients (2%). 

The electrocardiograms were interpreted using criteria 
similar to those previously described in detail,4 but with cer- 
tain modifications. In particular, LV hypertrophy was diag- 
nosed using the point-score system of Romhilt and Estes!4 for 
patients over 16 years of age; 5 or more points were considered 
indicative of LV hypertrophy. For the 22 study patients under 
16 years of age, the criteria of Davignon et.al,/5 Liebman and 
Plonsey,!© and Cassels and Ziegler!” were used. 

Q or QS waves were considered abnormal if they were 20.04 
second in duration or >3 mm deep, and.were present in >2 
leads. Q or QS waves present only in leads V; and V2 were not 
considered abnormal. S-T segment and T-wave alterations 
that were judged secondary effects of digitalis administration 
were not tabulated as true abnormalities. Patterns suggestive 
of right ventricular hypertrophy were rightward mean QRS 
axis in the frontal plane (between +110° and +180°) or an R/S 
ratio 21 in lead V4. 

Statistical analyses: When appropriate, Student’s ¢ test 
or the chi-square test was used to assess statistical signifi- 
cance. 


TABLE! Electrocardiographic Abnormalitles and Thelr Relation to the Distribution of Left Ventricular Hypertrophy (LVH) in 


153 Patients With Hypertrophic Cardiomyopathy 








Electrocardlographic Abnormalities 





Morphologic Conductlon Normal 
Type* Patients LVH RVH Abn Q ST-T Abn LAE RAE AF Abnormalityt ECG 
| 33 7(21%) 1(3%) 4(12%) 12 (36%) 4(12%) 1(3%) 2(6%) 7 (21%) 13 
11 24 9 (38%) 0(0%) 6 (25%) 17 (71%) 2 (8%) 2(8%) 1(4%) 6 (25%) 3 
ul 69 51(74%)}# 0(0%) 13(19%), 48(70%) 27(39%)% 7(10%) 4(6%) 16 (23%) 4 
IV 27 5(19%) 5(19%)8 15 (56%)! 16 (59%) 3(11%) 3(11%) 0(0%) 3 (11%) 3 
Total 153 72 (47%) 6(4%) 38 (25%) 93(61%) 36 (24%) 13 (8%) 7(5%) 32 (21%) 23 








* As assessed by 2-D echocardiography. ' 

t Includes patlents with left-axis deviation, intraventricular conduction defect, left anterior hemlblock, left bundle branch block, first-degree 
atrioventricular block, right bundle branch block, and right ventricular conduction abnormality. f ; ` 

+ Prevalence of LVH in type Ill is significantly greater than for each other morphologic type Individually and iñ combination (p <0.005). 

$ Prevalence of RVH in type IV is significantly greater than for all other morphologic types combined and for type Ill Individually (p <0.005). 

|| Prevalence of abnormal Q waves In type IV Is significantly greater than for all other morphologic types combined and for types | and Ill individually 
(p <0.001). 

4 Prevalence of left atrial enlargement in type ill is significantly greater than for all other morphologic types combined (p <0.001) and types |, 
Ml, and IV Individually (p <0.025). ` $ , : , ; 2 

Abn = abnormal ee = atrial fibrillation; ECG = electrocardiogram; LAE = left atrial enlargement; RAE = right atrial enlargement; LVH = left 
ventricular hypertrophy; RVH = right ventricular hypertrophy; ST-T = ST segment and T wave. 
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FIGURE 2. Prevalence of left ventricular hypertrophy (LVH) on elec- 
trocardiography (ECG) In the 4 morphologic types identified by 2-D 
echocardiography In 153 patients with hypertrophic cardiomyop- 
athy. 


Results 


Electrocardiography: Twelve-lead electrocardio- 
grams were abnormal in 130 patients (85%). A wide 
variety of electrocardiographic abnormalities were 
present, although no particular pattern was character- 
istic of the study group (Table I). The most common 
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abnormalities were S-T segment changes or T-wave 
inversion (93 patients, 61%), or both, LV hypertrophy 
(72 patients, 47%, including 36 patients with “strain” 
pattern), Q waves (38 patients, 25%), and left atrial 
enlargement (36 patients, 24%). Patients with ob- 
struction to LV outflow under basal conditions more 
commonly demonstrated LV hypertrophy on electro- 
cardiography (88 of 51, 75%) than did patients without 
obstruction to outflow (34 of 102, 33%; p <0.001). 

M-mode echocardiography: Ventricular septal 
thicknesses ranged from 6 to 41 mm (mean 21); poste- 
rior LV free wall thickness ranged from 6 to 17 mm 
(mean 12). In 123 patients (80%) the septal to free wall 
thickness ratio was 21.3, meeting our criterion for 
asymmetric septal hypertrophy.’ Concentric (sym- 
metric) LV wall thickening (septal-free wall thickness 
ratio <1.3) was present in 3 (2%) of the patients; the 
remaining 27 patients (18%) had both normal septal- 
free wall ratio and ventricular wall thicknesses.” Ven- 
tricular septal thickness, posterior free wall thickness, 
and septal-free wall thickness ratio were significantly 
greater in patients with LV hypertrophy on electro- 
cardiography (24 + 0.8 mm, 13 + 0.3 mm, and 1.9 + 0.1, 
respectively) than in patients without LV hypertrophy 
on electrocardiography (18 + 0.8 mm, 12+ 0.3 mm, 1.5 
+ 0.5; p <0.005). 

Two-dimensional echocardiography: Four pat- 
terns of distribution of LV hypertrophy were identi- 
fied. The largest subgroup of patients (69 of 153, 45%) 
showed extensive hypertrophy involving substantial 
portions of both ventricular septum and anterolateral 
LV free wall (that is, type IN) (Fig. 1). Thirty-three 
other patients had hypertrophy localized to only the 
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FIGURE 3. Typical electrocardio- 
graphic patterns that occur In patients 
with morphologic types IH and IV. Top, 
electrocardiogram tn a patient with 
morphologic type Ill showing LV hy- 
pertrophy with a “strain” pattern as 
well as T-wave abnormalities In stan- 
dard leads. Bottom, electrocardiogram 
in a patient with morphologic type IV 
showing deep Q waves In the left pre- 
cordial leads and a pattern consistent 
with right ventricular hypertrophy In the 
right precordlal leads. AML. = anterior 
mitral leaflet; RV = right ventricular. 
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anterior (and usually basal) portion of ventricular 
septum (type I); in these patients the LV free wall and 
other portions of the ventricular septum did not appear 
thickened. Twenty-four patients had substantial hy- 
pertrophy involving most or all of the ventricular sep- 
tum (type I); the LV free wall did not appear thickened. 
The remaining 27 patients had unusually located re- 
gions of hypertrophy involving portions of the left 
ventricle other than the anterobasal ventricular septum 
(usually the posterior segment of septum, anterolateral 
free wall, or septum in the apical region (type IV). 
Conventional M-mode echocardiography failed to show 
evidence of hypertrophy in the latter patients since the 
M-mode beam could not traverse those regions of the 
LV wall that were thickened, and hence the diagnosis 
of hypertrophic cardiomyopathy could be established 
only by 2-D echocardiography.” 

Relation of electrocardiographic and 2-D echo- 
cardiographic abnormalities: The electrocardio- 
graphic diagnosis of LV hypertrophy was present in 
patients with each of the 4 patterns of hypertrophy 
identified by 2-D echocardiography. However, left 
ventricular hypertrophy on electrocardiography was 
significantly more common in patients with morpho- 
logic type III (51 of 69, 74%) than in each of the other 3 
morphologic types individually or in combination (21 
of 84, 25%; p <0.001; Fig. 2 and 3). In addition, left atrial 
enlargement (27 of 69, 39%) was significantly more 
common in patients with type III than in all other 
morphologic types (9 of 84, 11%; p <0.001). 

Abnormal Q waves were significantly more common 
in patients with morphologic type IV (15 of 27, 56%) 
than in patients with the other 3 types combined (23 of 
126, 18%; p <0.001; Fig. 3 and 4)..Of the 15 patients with 
type IV and Q waves in the electrocardiogram, LV hy- 
pertrophy was present either in the anterolateral free 
wall (8 patients), the posterior segment of the septum 
(1 patient), both the posterior septum and anterolateral 
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FIGURE 4. Prevalence of abnormal Q waves on electrocardiography 
(ECG) in the 4 morphologic types identified by 2-D echocardiog- 
raphy. 





free wall (5 patients), or the ventricular septum in its 
apical portion (1 patient). Abnormal Q waves were uv- 
common in patients with extensive type III distribution 
of hypertrophy (13 of 69, 19%). 

The electrocardiographic pattern of right ventricular 
hypertrophy was uncommon (6 of 153 patients, 4%), but 
occurred almost exclusively in the patients with type IV 
distribution of hypertrophy (5 of 27, 19%; p <0.005) 
(Fig. 3). Right atrial enlargement, atrial fibrillation, and 
conduction abnormalities in the electrocardiogram did 
not show a statistically significant predilection for any 
of the morphologic types identified by 2-D echocardi- 
ography. 

Patients with normal electrocardiograms: The 
subgroup of 23 patients with hypertrophic cardiomy- 
opathy and normal electrocardiogram included at least 
1 patient with each pattern of LV hypertrophy. Type 
I, which was the most common morphologic pattern, 
occurred in 13 patients; 3 patients had type IJ, 4 had 
type IU, and 3 had type IV (Fig. 5). Hence, the preva- 
lence of a normal electrocardiogram in patients with 
type I (13 of 33, 39%) was significantly greater than in 
the other 3 morphologic types combined (10 of 120, 8%; 
p <0.001). 

Patients with a normal electrocardiogram ranged in 
age from 13 to 67 years (mean 45); 7 patients were 
asymptomatic, but 16 had cardiac symptoms (including 
7 who were in functional class HI or IV). Seventeen 
patients had no evidence of subaortic obstruction under 
basal conditions, although 6 had outflow gradients >50 
mm Hg measured at cardiac catheterization under basal 
conditions or with provocative maneuvers. 


Discussion 


The results of this study confirm that patients with 
hypertrophic cardiomyopathy exhibit a wide variety of 
electrocardiographic patterns!-§ and that no single 
electrocardiographic abnormality is characteristic of 
patients with this disease. However, by utilizing 2-D 
echocardiography to define the distribution of LV hy- 
pertrophy in patients with hypertrophic cardiomyop- 
athy, it became apparent that certain electrocardio- 
graphic patterns reflected particular patterns of hy- 





FIGURE 5. Frequency of 4 morphologic types identifled by 2-D echo- 
cardiography in 23 patients with hypertrophic cardiomyopathy and 
normal scalar ‘electrocardiograms. 
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M-Mode Echo: Hemodynamics: 
Ventricular Wall Thicknesses t LVOT Obstruction 
t Septal-Free Wall Ratio at Rest 


2-D Echo: 

t Type Ill 
FIGURE 6. Clinical and echocardiographic (Echo) varlables associated 
with left ventricular hypertrophy (LVH) on electrocardiography (ECG). 


Arrow, Increase in, or Increased frequency of variables shown. LVOT 
= left ventricular outflow tract. 


pertrophy on the 2-D echocardiogram. For example, 
patients with the widespread hypertrophy involving 
substantial portions of both the ventricular septum and 
the LV free wall (type IH) most commonly manifest LV 
hypertrophy on electrocardiography (that is, 74%), 
as well as left atrial enlargement (39%). Conversely, 
those patients with hypertrophy limited to only the 
anterior ventricular septum (type I) have electrocar- 
diograms that uncommonly exhibit LV hypertrophy 
(that is, 21%) and frequently show no abnormalities. 
Patients with LV hypertrophy on the electrocardiogram 
also have significantly greater ventricular septal and 
posterior free wall thicknesses and septal-free wall ratio 
than do patients without electrocardiographic evidence 
of LV hypertrophy (Fig. 6). In addition, obstruction to 
LV outflow under basal conditions is more commonly 
associated with LV hypertrophy on the electrocardio- 
gram (Fig. 6). 

A substantial number of patients with hypertrophic 
cardiomyopathy have electrocardiograms that either 
fail to show LV hypertrophy or are entirely normal.*45 
Several factors may be responsible for this finding. First, 
the relatively poor intrinsic sensitivity of the electro- 
cardiogram for detecting LV hypertrophy is well doc- 
umented.14:18-22 Second, the fact that hypertrophy may 
be localized to particular portions of the LV wall could 
have been responsible, in part, for “false-negative” 
electrocardiograms in some patients. For example, we 
found that the majority of our patients with a normal 
electrocardiogram had localized type I hypertrophy. 
Such patients with morphologic type I uncommonly 
meet electrocardiographic criteria for LV hypertrophy 
because the hypertrophy is localized in distribution and 
overall LV mass is only slightly increased over normal. 
Such a mild degree of LV hypertrophy is less likely to 
be reflected by increased voltages in the electrocardio- 
gram. 

Other investigators have concluded that Q waves, 
when present in patients with hypertrophic cardiomy- 
opathy, originate from increased initial depolarization 
of the markedly hypertrophied ventricular septum.23-?7 
However, our data indicate that Q waves were present 
in only about 20% of those patients showing the most 
substantial involvement of the ventricular septum (that 


e 


is, morphologic types II and ITI). Furthermore, abnor- 
mal Q waves were most common in those patients with 
hypertrophy involving regions of the left ventricle other 
than the anterior basal septum (type IV). Hence, while 
our study can not define the precise origin of Q waves 
in hypertrophic cardiomyopathy, our data do suggest 
that these Q waves in the electrocardiogram are not 
simply related to depolarization of the greatly thickened 
ventricular septum. 
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Comparative Effects of Nifedipine, Verapamil, and Diltiazem 
On experinental Pulmonary mypetienson S 


THOMAS E. YOUNG, MD, Lucy ‘J. LUNDQUIST, BS, ELLIOT CHESLER, MD, and 


E. KENNETH WEIR, MD 


The role of calcium-channel blocking agents in the - 


treatment of pulmonary hypertension Is not well 


defined. Consequently, the effects of diltiazem, ni- ` 


fedipine, and verapamil were compared in 3 groups 


of anesthetized dogs (n = 6 for each group). In each | 


group, normoxic hemodynamic variables were re- ` 


corded before and after Increasing doses of dilti- 


azem, nifedipine, and verapamil (5 X 1078 M/kg, - 


low; 107’ M/kg, medium; and 1078 M/kg, ‘high 
dose; given intravenously over 2 minutes). In addl- 
tion, ‘the effect of these doses on the pulmonary 
- pressor responses to hypoxia (fractional inspired 
oxygen concentration i 


FIO,] 12%) and prosta- 


thus pulmonary vascular resistance increased 
slightly (4.9 + 0.6 to 6.4 + 1.0 mm Hg/liter/min, 
difference not significant [NS]). Nifedipine de- 
creased hypoxic pulmonary vascular resistance to 
normoxic values (p <0.01). Cardiac output In- 
creased 71% while pulmonary arterial pressure 


` remained unchanged. Diltlazem administration 


glandin Fo, (PGF2,) (5 g/kg/min, intravenously for . 


4 minutes) was measured. 

During. normoxia, high-dose nifedipine and vera- 
pamil decreased mean aortic pressure and systemic 
vascular resistance while Increasing cardiac output 
in all dogs in both groups (p <0.01).: Pulmonary 


vascular resistance, however, remained unchanged. | 


High-dose diltiazem dld‘not significantly alter car- 


diac output or pulmonary vascular resistance. During |. 
acute hypoxic pulmonary hypertension, verapamil  . 


decreased cardiac output by 30% (p <0.01) without - 
appreciably altering pulmonary arterial pressure; oe 


Vasodilator agents used in the treatment of Saath 


hypertension may be classified into 4 groups: beta- 
adrenergic agonists! alpha-adrenérgic blockers,? 


produced no change in hypoxic pulmonary hemo- 
dynamic variables. 

The responses to diltiazem, nifedipine, and 
verapamil during acute pulmonary vasoconstriction 
induced by PGF2, were-similar to those induced by 
hypoxia. After verapamil, pulmonary vascular re- 
sistance tended to Increase (7.3 + 1.3 to 8.1 + 1.4 


_mm Hg/liter/min, NS). Nifedipine, however, com- 


pletely blocked pulmonary vasoconstriction by de- 
creasing pulmonary vascular resistance to pre- 
PGF2, levels (p <0.01). This was accompanied by 


"a 157% increase in cardiac output and only a small 


increase in pulmonary arterial pressure (7 mm Hg). 
Again, diltiazem produced no change in pulmonary 
hemodynamic variables. In these acute studies, 
nifedipine appeared to be a more effective pulmo- - 


ary vasodilator than verapamil or diltiazem. 


- fective in all patients with pulmonary hypertension, and 


calcium-channel blockers,*° and finally, those that act . 


directly on vascular smooth muscle such as diazoxide” 
and hydralazine, 8 No single drug has been found ef- 
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most drugs have potentially serious adverse effects. As 
a result, new vasodilators are tried empirically as they 
become available. Hemodynamically, the most adverse ` 
potential effect of a vasodilator agent is systemic vaso- 
dilatation and hypotension in the absence of pulmonary 
vasodilatation.? The ideal drug for the treatment of 
pulmonary hypertension should produce pulmonary 
vasodilatation with little or no change in systemic. 
pressure. : f 
Different calcium- channel blocking agents have been 


- reported: effective* 5,10 or relatively ineffective?! in the 
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treatment'of pulmonary hypertension, but clinical ex- 
perience is limited. The calcium antagonists that have 
been most extensively-studied—diltiazem, nifedipine, 


' and verapamil—vary considerably i in their pharmaco- 
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logic characteristics.!2 Consequently, we compared their 
acute effects on the pulmonary and systemic vascular 
circuits in 2 experimental models of pulmonary hyper- 
tension, produced by hypoxia or PGF», in the anes- 
thetized dog. 


Methods 


Eighteen mongrel dogs of both sexes (mean weight 22 + 1 
kg) were anesthetized with pentobarbital sodium (30 mg/kg 
intravenously), paralyzed with succinyl choline (2 mg/kg in- 
travenously), intubated with an endotracheal tube, and ven- 
tilated on room air with a Harvard respirator (Harvard Ap- 
paratus, Millis, Massachusetts). Additional doses of pento- 
barbital sodium (15 mg/kg intravenously) were given during 
the experiment to maintain anesthesia. The respirator was 
adjusted initially to maintain a systemic arterial pH of ap- 
proximately 7.39. Ventilation was therefore maintained 
constant throughout the experiment. Care was taken to “sigh” 
the dogs at regular intervals and to maintain an esophageal 
temperature of 38.0 to 39.5°C. Polyethylene catheters were 
placed: into the superior and inferior vena cavae and in the 
descending aorta. A Swan-Ganz balloon tipped catheter was 
advanced into a branch of the pulmonary artery. Pulmonary 
artery, pulmonary artery wedge, and aortic pressures were 
measured using Statham P23 transducers (Statham Instru- 
ments, Oxnard, California) and a Hewlett-Packard 8-channel 
recorder (Hewlett-Packard, Waltham, Massachusetts). Car- 
diac output was determined by injecting 1.25 mg indocya- 
nine-green dye into the inferior vena cava and withdrawing 
blood from the aorta at 20 ml/min through a Waters cuvette 
densitometer (Waters Instruments, Rochester, Minnesota). 
Pulmonary vascular resistance was calculated as mean pul- 
monary arterial pressure minus the wedge pressure (mm Hg) 
divided by the cardiac output (liters/min). Systemic arterial 
oxygen and carbon dioxide tensions and pH were measured 
with a Corning model 168 pH blood gas analyzer (Corning 
Glass Works, Medfield, Massachusetts). 

In all dogs, pulmonary and systemic hemodynamic variables 
(pressures, cardiac output, and systemic blood gases) were 
recorded in the control state (normoxia) and after 8 and 15 
minutes of hypoxia (12% FIO). For presentation and calcu- 
lation of statistics, the hemodynamic values recorded during 
hypoxia at 8 and 15 minutes were averaged to give 1 hypoxic 
value. After hypoxia, the pressures were allowed to return to 
baseline level, where recontrol normoxic hemodynamic vari- 
ables were recorded. PGF 2, (5 ug/kg/min) was then infused 
into the superior vena cava and hemodynamic values were 
recorded after 4 minutes. Once again, the pressures were al- 
lowed to return to baseline level and recontrol hemodynamic 
values recorded. 

At this point, 6 dogs (Group 1) were treated with diltiazem, 
6 dogs (Group 2) with nifedipine, and 6 dogs (Group 8) with 
verapamil in equimolar doses (5 X 10-8 M/kg intravenous 
bolus, low dose). Solutions of diltiazem and verapamil were 
made daily by dissolving the drug in saline solution. Nifedi- 
pine solution was prepared by dissolving the agent in absolute 
ethyl alcohol, then combining this with polyethylene glycol 
as the vehicle. Ten minutes after administration of low-dose 
drug, hemodynamic data were recorded. All groups were then 
challenged with hypoxia, followed by administration of PGF 2, 
as before. 

In order to examine any hemodynamic effect of the vehicle, 
hemodynamics were recorded immediately before and 5 

_minutes after the administration of the vehicle (saline solution 
in Groups 1 and 3, polyethylene glycol in Group 2) without the 
drug. At this point, the whole protocol including normoxia, 
hypoxia, and PGF 2, was repeated after the administration of 


diltiazem, nifedipine, and verapamil in increasing equimolar. 
doses (10-7 M/kg, medium dose; and 10-6 M/kg, high 
dose). 

Statistical analysis: The data are given as means + stan- 
dard error of the mean. Statistical analyses were performed 
using one-way analysis of variance (ANOVA) for repeated 
measurements within individual groups. The least significant 
difference’? was employed to assess the significance of dif- 
ferences between groups. A p value <0.05 was considered 
statistically significant. 


Results 


Normoxia: Figure 1 illustrates the systemic and 
pulmonary vascular effects of an equimolar dose (1076 
M/kg, high dose) of diltiazem, nifedipine, or verapamil 
during normoxic conditions. Diltiazem caused a small 
decrease in aortic pressure (133 + 5 to 125 + 5 mm Hg) 
but no significant change in pulmonary hemodynamics. 
In contrast, nifedipine and verapamil produced marked 
changes in hemodynamic values. Both nifedipine and 
verapamil produced a decrease in aortic pressure and 
a concomitant increase in cardiac output (p <0.01). 
Pulmonary arterial pressure increased (p <0.05), and 
the calculated pulmonary vascular resistance showed 
a small, statistically insignificant decrease. Both ni- 
fedipine and verapamil resulted in similar pulmonary 
and systemic hemodynamic changes; however, the 
changes associated with nifedipine were more pro- 
nounced. 

Figure 2 shows the relation between cardiac output 
and pulmonary arterial pressure in Groups 1, 2, and 3 
with low-, medium-, and high-dose drug during nor- 
moxia. With the use of vectors to represent the cumu- 
lative effect, it can be seen that in equimolar doses the 
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FIGURE 1. Comparative effects of equimolar high dose (1078 M/kg) 
drug during normoxia. Hemodynamic effects were measured before 
(C) and 10 minutes (10’) after Infusion of the drug. The statistical 
comparison is between the data obtained at these 2 times. Bars rep- 
resent standard error of the mean. CO = cardiac output; Pas = mean 
aortic pressure; Ppa = mean pulmonary arterlal pressure; PVR = pul- 
monary vascular resistance; SVR = systemic vascular resistance. 
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TABLE | Hemodynamic Effects of Hypoxia and Hypoxia Plus High-Dose Drug 















































PVR 
Pas Pex | co SVR (mm Hg/ (mm Hg/ 
(mm Hg) (mm Hg) (liters/min) liter/min) liter/min) 
Group 1 (Diltiazem) 
Normoxla 14144 12241 3.34 0.4 46+6 2.4 + 0.3 
Hypoxla 160 + 3° 21+ 2° 40+0.3 4143 4.5 + 0.6* 
Hypoxia + high-dose drug 146 + 6t 22 +2 4.0 + 0.3 3742 4.7 + 0.6 
Group 2 (Nifedipine) 
Normoxia 152 +9 151 3.5 + 0.3 465 250.2 
Hypoxla 168 + 10° 26 + 2° 4.2 + 0.3 4144 5.2 + 0.8* 
Hypoxia + high-dose drug 84+ 5 24+ 1 7.2 + 0.7t 12 41t 2.5 + 0.2t 
Group 3 (Verapamil) 
Normoxla 16246 1641 4.2 + 0.6 42 +9 3.1 + 0.4 
Hypoxia 167 +9" 25 + 2° 4.7+ 0.6 40+7 4.9 + 0.6° 
Hypoxla + high-dose drug 135 + 5t 22 +1 3.3  0.6t 4747 6.4 + 1.0 








Values are expressed as mean + standard error of the mean. * p <0.06 for differences between normoxia and hypoxia; t p <0.05 for differences 


between hypoxia and hypoxia plus high-dose drug. 


CO = cardiac output; Po = mean aortic pressure; Ppa = mean pulmonary arterial pressure; PVR = pulmonary vascular resistance; SVR = 


systemic vascular resistance. 


3 drugs behaved quite differently. The length of the 
added vectors as well as the angle of the vectors differs 
for each drug. Nifedipine caused an increase in pul- 
monary arterial pressure and a very marked increase in 
cardiac output with increasing doses, in a linear relation 
(r = 0.98). On the other hand, with increasing doses, 
verapamil decreased cardiac output as well as pulmo- 
nary arterial pressure. Diltiazem produced very little 
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FIGURE 2. Comparative effects of increasing dose of diltiazem, nt 
fedipine, and verapamil on the relation of cardiac output to pulmonary 
arterial pressure during normoxia. in each drug group there are 4 points: 
the control, followed by values obtained 15 minutes after low-, medium-, 
and high-dose drug. The magnitude and the angle between each 2 
successive points for each group were measured and converted Into 
a vector, and the resulting 3 vectors were added to give a single com- 
bined vector for that group, shown by the lines with arrows. CO = 
cardiac output; Pag = mean pulmonary arterlal pressure. 


change in either pulmonary arterial pressure or cardiac 
output with increasing doses, as evidenced by the small 
magnitude of its combined vector. 

Hypoxia: The hypoxic challenge induced a marked 
increase in pulmonary arterial pressure (p <0.01) and 
pulmonary vascular resistance (p <0.01) in each group 
(Table I). 

Figure 3 illustrates the systemic and pulmonary he- 
modynamic effects of equimolar doses of diltiazem, 
nifedipine, and verapamil during hypoxia. Hemody- 
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FIGURE 3. Comparative effects of equimolar high-dose (107° M/kg) 
drug during hypoxle (FIO2 12%) pulmonary vasoconstriction. Hemo- 
dynamic affects were measured during hypoxia (H) and during hypoxia 
with high-dose drug (H + D). The statistical comparison Is between the 
data obtained at these 2 times. Bars represent standard error of the 
mean. Abbreviations as in Figure 1. 
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TABLE I! Hemodynamic Effects of PGF24 and PGF, Plus High-Dose Drug 









































PKG PRR co SVR PVR 
(mm Hg) (mm Hg) (liters/min) (mm Hg/IIter/min) (mm Hg/Iiter/min) 
Group 1 (Diltlazem) 
Normoxla 13845 1241 3.2403 4544 2.3 + 0.2 
PGF oq 14443 23 4 1* 3.3 0.3 4645 5.5 + 0.2* 
PGF. + high-dose drug 137 46 22 +1 3.7 + 0.3 38+ 2 5.3+0.4 
Group 2 (Nifedipine) 
Normoxia 14549 131 3.3 + 0.3 47+6 2.5 + 0.3 
PCF zx 156449 224 2° 3.3 4+ 0.3 4845 5.0 + 0.8* 
PGF aq + high-dose drug 85 +4? 29 + at 8.5 + 0.7t 10+ 17 2.7 + 0.2t 
l Group 3 (Verapamil) 
Normoxia 143 +6 1441 3.6 + 0.6 49 + 12 3.5 + 0.7 
POF oa 15747" 25 + 2° 3.34 0.5 549 7.3 + 1.5° 
PGF 2, + high-dose drug 128 + 4t 212t 2.6 + 0.4 547 8.1 + 1.4 











Values are expressed as mean + standard error of the mean. * p <0.05 for differences between normoxia and PGF za; * p <0.05 for differences 


between PGFo, and PGF 2a + high-dose drug. 
Abbreviations as in Table |. 


namic values were recorded during the initial hypoxic 
challenge before treatment (see Methods) and the data 
were compared with recordings made during hypoxia 
after administration of high-dose drug. Diltiazem had 
no significant effect on pulmonary hemodynamic 
function. However, systemic arterial pressure did de- 
crease (160 + 3 to 146 + 6 mm Hg) (p <0.01). Nifedip- 
ine, in contrast to diltiazem, markedly blunted the hy- 
poxic vasoconstrictor response. During the hypoxic 
challenge nifedipine increased cardiac output by 71%; 
at the same time pulmonary arterial pressure was, if 
anything, slightly decreased, thus suggesting pulmonary 
vasodilatation, as indicated by the 52% decrease in 
pulmonary vascular resistance. Systemic hemodynamic 
effects were also altered by nifedipine. Aortic pressure 
and systemic vascular resistance both decreased con- 
siderably (p <0.01 for both). The administration of 
verapamil did not alter pulmonary arterial pressure. 
However, cardiac output showed a small decrease and 
consequently pulmonary vascular resistance tended to 
increase. 

PGF: PGFo, was used as a second independent 
agent to provoke pulmonary hypertension. In each 
group of dogs, the PGF., challenge induced a marked 
increase in pulmonary arterial pressure (p <0.01) and 
pulmonary vascular resistance (p <0.01), without a 
change in cardiac output (Table IT). The hemodynamic 
effects of diltiazem, nifedipine, and verapamil on 
PGF »2,-induced pulmonary vasoconstriction are com- 
pared in Figure 4. 

Diltiazem had no effect on hemodynamic function 
and did not blunt the PGF», vasoconstriction. With 
high-dose nifedipine there was a remarkable increase 
. in cardiac output of 156%. This was associated with a 
relatively small increase in pulmonary arterial pressure 
of 32% or 7 mm Hg. This resulted in a calculated de- 
crease in pulmonary vascular resistance of 46%, or 
nearly half. Medium-dose nifedipine increased cardiac 
output 55%. Pulmonary arterial pressure was not sig- 
nificantly altered at this dose, but pulmonary vascular 
resistance again decreased significantly. 


The response of the pulmonary hypertension induced 
by PGF», to verapamil was nearly identical to that of 
hypoxia-induced pulmonary hypertension. Verapamil 
reduced cardiac output by 21%, although this was not 
statistically significant. There was an associated re- 
duction in pulmonary arterial pressure. Pulmonary 
vascular resistance tended to increase, but not signifi- 
cantly. 

Effect of vehicle: Hemodynamic measurements 
were recorded 5 minutes after the administration of the 
vehicle (saline solution in Groups 1 and 3 and polyeth- 
ylene glycol in Group 2) alone without the drug. In no 
case in any group was any change in hemodynamic 
function noted. 

Dose response of pulmonary vascular resistance 
to nifedipine: The response of pulmonary vascular 
resistance to increasing doses of nifedipine in both 
models of acute pulmonary vasoconstriction, hypoxia, 
and PGF», is illustrated in Figure 5. As the dose of ni- 
fedipine was increased, pulmonary vascular resistance 
decreased in a linear fashion. At the high dose of ni- 
fedipine, pulmonary vascular resistance decreased to 
the control normoxic values, indicating complete 
blunting of the pulmonary vasoconstrictor effect of 
hypoxia and PGFo, 


Discussion 


The pathophysiology of the various forms of clinical 
pulmonary hypertension is largely unknown. This is 
true whether the initial stimulus is hypoxia, high flow, 
or idiopathic, as in primary pulmonary hypertension. 
It is logical to consider the therapeutic potential of 
calcium-channel blocking agents, since they are known 
to relax vascular smooth muscle and inhibit platelet 
aggregation.!4 Verapamil has been observed to inhibit 
the pulmonary pressor response to acute hypoxia in the 
isolated rat lung,!ë the awake calf,!® and the anesthe- 
tized dog.” However, disappointing results have been 
reported by Landmark et al, who injected verapamil 
into the pulmonary artery of 12 patients with pulmo- 
nary hypertension. Only 3 of their patients had a sig- 
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nificant decrease in pulmonary vascular resistance, 
while 10 had a reduction in cardiac output. 

Because of the differences in the systemic hemody- 
namic effects!8 and mechanisms of action!® observed 
with several calcium-channel blocking agents, we 
compared the effectiveness of verapamil, diltiazem, and 
nifedipine in reducing pulmonary hypertension caused 
by hypoxia or PGF 2,. The latter stimulus acts primarily 
by pharmacomechanical excitation contraction cou- 
pling, while the mechanism of hypoxic pulmonary 
vasoconstriction is unknown. The hemodynamic effect 
of verapamil during hypoxic pulmonary hypertension 
in the anesthetized dog mimicked the findings described 
in patients with pulmonary hypertension. Thus, cardiac 
output and pulmonary artery pressure decreased 
slightly while pulmonary vascular resistance was un- 
changed, -compared with the preverapamil hypoxic 
values. The experiments of Tucker et al!” in the anes- 
thetized dog,!’ using the same dose of verapamil as our 
high dose, demonstrated a reduction in hypoxic pul- 
monary vascular resistance, whereas we found an in- 
significant i increase. This difference seems to reflect the 
fact that in their series cardiac output increased after 
verapamil administration, whereas in our study it 
tended to decrease. It is not clear whether these dis- 
crepancies are related to the different hemodynamic 
responses to hypoxia of highland and lowland dogs,° 
or to the fact that their dogs breathed spontaneously 
_ while ours were mechanically ventilated. We observed 

that the absolute pulmonary arterial pressure attained 
during an infusion of PGF, was decreased after vera- 
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FIGURE 4. Comparative effects of equimolar high-dose (1078 M/kg)’ 


drug during PGF2,-Induced pulmonary vasoconstriction. Hemodynamic 
effects were measured during PGF2,, vasoconstriction and during PGFaq 
plus high-dose drug (Fea + D). The statistical comparison Is between 
the data obtained at these 2 times. Abbreviations as In Figure 1. 


iai R pulmonary vascular resistance was 
unchanged. Tucker et al found that verapamil caused 
no change in pulmonary perfusion pressure after a bolus 
of PGF q, but did not measure cardiac output. 

While diltiazem decreased aortic pressure during 


_ both normoxia and hypoxia, it had no effect on pul- 


monary vascular hemodynamic function during any of 
the interventions. Administration of diltiazem (0.2 
mg/kg intravenously) in open-chest anesthetized dogs 
has also been reported to decrease systemic pressures 
significantly.?) 

The most marked effect of nifedipine under normoxic 
conditions was a decrease in aortic pressure and a con- 
comitant increase in cardiac output. During normoxia, 
when the pulmonary vasculature is almost fully dilated, 
this increased flow was associated with an increase in 
pulmonary arterial pressure but no change in resistance. 
When the pulmonary vasculature was preconstricted 
by hypoxia, administration of nifedipine did not in- 
crease pulmonary pressure and the calculated resistance 
returned to normoxic control values because of the in- 
creased cardiac output. In the clinical management of 
pulmonary hypertension, the ideal response to therapy 
is both a reduction in pulmonary arterial pressure and 
an increase in cardiac output to normal levels. However, 
as in these nifedipine studies, it is more common for 
vasodilators to increase cardiac output with little or no 
reduction in pulmonary arterial pressure. Patients with 
primary pulmonary hypertension whose cardiac outputs 
are in the normal range have been reported to have a 
better prognosis than those whose cardiac output is 
diminished.22 However, an increase in cardiac output 
induced by vasodilators, without a reduction in pul- 
monary arterial pressure, increases right ventricular 
work and it is not known whether the net effect is ben- 
eficial in terms of longevity. 
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FIGURE 5. The effect of Increasing doses of nidefiplne on pulmonary 
vasoconstriction stimulated with hypoxla (12% FIO) or PGFaq. N 
represents pulmonary vascular resistance (PVR) during normoxla for 
Group 2 dogs before any intervention. P represents the PVR during 
pressor stimulation. P + LOW, P + MEDIUM, and P + HIGH represent 
PVR during pressor stimulation plus low-, medium-, or high-dose ni- 
fedipine, respectively. Bars represent standard error of the mean. 
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The major problem i in the clinical use of aodion 
to treat pulmonary hypertension is that there is nọ 


pulmonary hypotensive agent which does not also affect 
the systemic vagculature.. The lack of a selective pul- 

monary vasodilator gives rise to 2 problems. ‘If the pul- 
monary vasculature is relatively: unresponsive, systemic 
vasodilatation without an increase in cardiac output 


may lead to systemic, hypotension. Alternately, if car- ` 


diac output i increases, pulmonary arteria] pressure may 
‘also increase. In 1 patient with primary pulmonary 
hypertension’ reported by Camerini et al,‘ sublingual 
nifedipine (20 mg) increased cardiac output 90% and 
- decreased pulmonary and systemic vascular resistances 
by 56 and 49%, respectively.‘ In that patient, pulmonary 
arterial pressure also decreased. She improved clinically 
and hemodynamically over the subsequent 3 months on 


nifedipine and anticoagulants. In this: instance the. 


chronic effect of the vasodilator followed the same 


pattern as the acute response, but frequently this is not 


the case. Consequently, it is important to.be cautious 
when extrapolating from an‘acute effect to long-term 
treatment. Equally, a vasodilator given during acute 
pulmonary hypertension in the dog may not-give the 


same hemodynamic result when administered to a pa’ 


‘tient with chronic pulmonary vascular disease. Despite 
these caveats, the fact that nifedipine returned pul- 


monary vascular resistance to control levels during 


‘hypoxia and'PGF,, infusion in the dog, dnd causes 
„acute pulmonary vasodilatation in patients with res- 
piratory failure,® makes it a.logical ‘candidate for eval- 


uation in the chronic 1 treatment of clinical pulmonary 


hypertension. 
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Compensatory Cardiac Mechanisms Evoked by 


Septal Ischemia in Dogs 


MALFRID MOLAUG, MD, ODD GEIRAN, MD, and FREDRIK KIIL, Dr Med 


To examine the cardiac responses to selective 
septal ischemla, the septal artery was occluded 
intermittently In anesthetized open-chest dogs. 
Myocardial segment length was recorded contin- 
uously by an ultrasonic technique in the interven- 
tricular septum and the right and left ventricular free 
walls. At left ventricular end-diastolic pressure of 
3.0 + 0.6 mm Hg, occlusion of the septal artery in- 
creased left ventricular end-diastolic segment length 
by 3.0 + 0.9% and stroke volume was maintained. 
After blood volume expansion to a left ventricular 
end-diastolic pressure of 7.2 + 1.4mm Hg, occlu- 
sion of the septal artery did not increase end-dla- 
stolic dimensions and stroke volume decreased 
significantly but by <10%. At all levels of blood 
volume expansion, occlusion of the septal artery did 


In man, about 80% of the blood supply to the septum is 
provided by branches from the left anterior descending 
coronary artery! and the rest from short branches of the 
posterior descending coronary artery. Septal ischemia, 
therefore, usually occurs together with ischemic lesions 
of variable extent in the free walls of either ventricle. In 
contrast, in dogs a separate septal artery originates from 
the left coronary artery and supplies approximately 75% 
of the septal myocardium.?4 Thus, the anatomy of the 
coronary circulation in dogs offers a unique possibility 
to examine the effect of isolated septal ischemia on the 
pump function of either ventricle. 

Septal ischemia might influence the function of both 
ventricles as blood pumps, but experiments in dogs have 
shown that ligation of the spal artery has no effect on 
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not alter significantly the end-systolic segment 
length of the free wall of the left ventricle and the 
dimensions of the free wall of the right ventricle. The 
distance between the septum and the right ven- 
tricular free wall was unchanged in end-diastole and 
reduced In end-systole after occlusion of the septal 
artery. These observations indicate paradoxical 
movement of the ischemic septum. The ischemic 
septum seems to act as a passive dlaphragm pump 
on the right ventricle without activation of the 
Frank-Starling mechanism In uninjured areas. In the 
left ventricle, the Frank-Starling mechanism is fully 
exploited with unaltered end-systolic dimensions of 
the uninjured myocardium because of the systolic 
bulging of the ischemia septum. 


stroke volume.® The compensatory mechanisms which 
contribute to the maintenance of stroke volume during 
septal ischemia have not been previously investigated. 
The objective of the present study was to examine the 
acute changes in cardiac dynamics induced by inter- 
mittent occlusions of the septal artery. 

One possibility is that septal ischemia leads to re- 
duced ejection and that’ the increase in end-diastolic 
ventricular blood volume increases the activation of the 
Frank-Starling mechanism in the nonischemic parts of 
the myocardium. This response has been demonstrated 
in dogs in the free wall of the left ventricle during acute 
occlusion of the left anterior descending coronary ar- 
tery. Another possibility is that the ischemic septum 
bulges into the right ventricular cavity during systole. 
This paradoxical movement may maintain right ven- 
tricular emptying and reduce the end-systolic afterload 
of the left ventricle. 

To examine the compensatory responses to septal 
ischemia, pairs of ultrasonic elements were inserted into 
the septum and the free walls of both ventricles of 
anesthetized open-chest dogs. The distance between the 
elements—the segment length—was recorded contin- 
uously before, during, and after occlusion of the septal 
artery. These examinations were supplemented by re- 
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cordings of the distance between the septum and the 
right ventricular free wall. 

The ability of the Frank-Starling mechanism to 
compensate for myocardial ischemia is reduced during 
blood volume expansion.’ Occlusions of the septal artery 
were therefore repeated at increasing levels of blood 
volume expansion. This experimental procedure per- 
mitted comparisons of right and left ventricular dy- 
namic function with and without septal ischemia at 
equal end-diastolic segment lengths in the free wall of 
the left ventricle. 


Methods 


Animal preparation: Six mongrel dogs of both sexes 
weighing 17.8 + 2.2 kg were anesthetized with sodium pen- 
tobarbital, 25 mg/kg body weight intravenously initially, 
followed by 50 mg intravenously as required to maintain an- 
esthesia. The dogs were kept on a positive pressure respirator 
(Cyclator Mk II, British Oxygen). Throughout the experi- 
ments, appropriate measures were taken to keep blood gases 
and the acid-base balance normal. The heart was exposed by 
a bilateral thoracotomy and suspended in a pericardial cradle. 
The septal artery originated either from the brief left main 
coronary artery at the point of branching or from the left an- 
terior descending coronary artery 1 to 2 mm distal to its origin. 
After isolation, a thin silicon rubber snare was looped around 
the septal artery for later occlusion. Care was taken not to 
obstruct the left anterior descending coronary artery or the 
circumflex artery. 

Hemodynamic and dimensional measurements: Right 
and left ventricular pressures were measured with Statham 
P28Db and P23Gb transducers connected to short polyeth- 
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ylene catheters introduced into the right ventricle through the 
outflow tract and into the left ventricle through the apex. 
Aortic flow was measured electromagnetically with a flow 
probe (Nycotron, model 376) around the ascending aorta. Left 
ventricular stroke volume (minus coronary flow) was deter- 
mined by electronic beat-to-beat integration of the aortic flow 
curve. Local myocardial dimensions (segment length) were 
measured ultrasonically.!° Pairs of piezoelectric crystals were 
inserted into the free walls of the left and right ventricles. A 
third pair of crystals was inserted blindly with curved needles 
through the left ventricle into the septum. The position of the 
crystals permitted recordings along the long axis of the 
septum. 

The amplified pulses from the receiver crystals were con- 
tinuously monitored on an oscilloscope. Segment length is 
maximal in end-diastole and is reduced during systole until 
end-systolic segment length is attained when aortic blood flow 
is reduced to zero. The difference between end-diastolic and 
end-systolic segment length is called systolic myocardial 
shortening. Any further reduction in segment length because 
of changes in the shape of the ventricle does not contribute 
to ejection and is not included in the measurement of systolic 
myocardial shortening. To record the septum to free wall 
distance, 1 ultrasonic crystal was inserted into the middle part 
of the septum and the other into the overlying right ventric- 
ular free wall in the inflow area. 

Throughout the experiments pressures, flow, segment 
lengths, and the distance between the septum and the right 
ventricular free wall were continuously recorded on a Sanborn 
multichannel oscillograph. 

Experimental procedure: After control observations, the 
septal artery was occluded with the snare. Recordings were 
continued until a new steady state had been reached during 
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FIGURE 1. Hemodynamic effects of occluding the septal artery. Tracings from an experiment in a dog weighing 15 kg. LV DP = left ventricular 
diastolic pressure; LVP = left ventricular pressure; LV SL = left ventricular segment length (nonischemic free wall); LV SV = left ventricular stroke 


volume; Septum SL = septal segment length. 
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FIGURE 2. Relatlon between left ventricular (LV) stroke volume and 


end-diastolic segment length in the nonischernic free wall. End-diastollc 
segment lengths were normalized to 10.0 mm in the control period 


before blood volume expansion with infusion of saline solution and ` 


dextran; the individual numerical values ranged from 8.5 to 13.2 mm. 
Open circles = mean values obtalned in 6 dogs (body weight 17.8 + 
2.2 kg, same dogs as in Table |) at 3 levels of blood volume when LV 
end-diastolic pressure Increased from 3.0 + 0.6 to 7.2 + 1.4mm Hg. 
Closed circles = changes (mean +: standard error of the mean) Induced 
by occlusion of the septal artery. 


septal ischemia. The duration of the ischemic period was 
usually 3 to 4 minutes. After release of the occlusion, the he- 
modynamic variables returned to control levels in 1 to 2 
minutes. Occlusion of the septal artery was repeated at in- 
creasing levels of blood volume expansion induced by infusion 
with saline solution and dextran. 

After terminating the experiment, the dogs were killed and 
the position of the ultrasonic crystals was examined. No signs 
of myocardial or coronary artery injury were observed in any 
of the experiments. 

Statistics: The data are expressed as mean + standard 
error of the mean. Each dog served as its own control, and 
Wilcoxon’s test for paired comparisons was used to calculate 
probability values.'! A probability value <0.05 was regarded 
as statistically significant. 


Results — 


Occlusion of the septal artery immediately increased 
end-diastolic and end-systolic segment length of the 
septum, and a new steady state was reached within 2 to 
3 minutes. Figure 1 shows tracings from 1 representative 
experiment. Most of the increase in segment length of 
the ischemic septum occurred as ventricular pressure 
increased during the isovolumic period. During ejection 
there was a small reduction in segment length (positive 
systolic myocardial shortening) in 3 experiments and 
a further dilation (negative systolic myocardial short- 
ening) in the 3 other experiments. 

Before blood volume expansion, occlusion of the 
septal artery increased left ventricular end-diastolic 
pressure from 3.0 + 0.6 to 4.0 + 0.6 mm Hg, but had no 
effect on left ventricular peak systolic and end-systolic 
pressure; right ventricular pressure did not change 
significantly. Stroke volume averaged 6.1 + 0.5 ml be- 
fore and 5.9 + 0.5 ml during occlusion of the septal ar- 
tery (p = 0.13). Thus, septal ischemia did not reduce 
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FIGURE 3. Relation between myocardial shortening and end-diastolic 
segment length in the left ventricular (LV) nonischemic free wall. Open 
circles = mean values obtained at 3 levels of blood volume. Closed 
circles = change (mean value + standard error of the mean) induced 
by occlusion of the septal artery. Same dogs and experiments as in 
Figure 2. 


systolic ventricular pressure and stroke volume before 
blood volume expansion. 

To examine the role of the Frank-Starling mechanism 
in the maintenance of the stroke volume, saline solution 
and dextran were infused intravenously, and occlusion 
of the septal artery was repeated at left ventricular 
end-diastolic pressures averaging 4.8 + 0.8 and 7.2 + 1.4 
mm Hg. Although 4 to 6 intermittent occlusions were 
undertaken in the course of 1 experiment, the recovery 
time did not increase. There were no signs of deterio- 
ration as judged from the segment length recordings 
after release of the occlusion. 

In contrast to the findings before infusion with saline 


` solution and dextran, stroke volume decreased during 


occlusion of the septal artery by 9.3 + 2.2% and 7.5 + 
2.1% at the 2 levels of blood volume expansion. Figure 
2 illustrates that the reduction in stroke volume during 
occlusion of the septal artery was associated with a 
compensatory increase in left ventricular end-diastolic 
segment length. 

Occlusion of the septal artery was associated with a 
marked increase in myocardial shortening of the free 
wall of the left ventricle (Fig. 3). The increase in myo- 
cardial shortening was similar at all levels of ventricular 
expansion and averaged 25 + 8% of control values. 

To further examine the change in ventricular dy- 
namics, we compared the response to occlusion of the 
septal artery and the response to infusion with saline 
solution and dextran at similar end-diastolic segment 
lengths of the free wall of the left ventricle. The results 
of experiments in 6 dogs are summarized in Table I. 
Although stroke volume decreased, end-systolic seg- 
ment length was significantly smaller and myocardial 
shortening accordingly larger in the free wall of the left 
ventricle during occlusion of the septal artery than 
during blood volume expansion. Despite the difference 
in end-systolic dimensions, the end-systolic pressure 
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TABLE | Hemodynamic Effects of Constriction of the Septal Artery: Comparison at Similar End-Dlastolic Segment Length 
In the Nonischemic Left Ventricular Free Wall During Blood Volume Expansion and During Septal Ischemia 








Blood Volume Septal 
Expansion ischemia Difference p 

Right ventricle 

End-diastolic segment length (mm) 11.73 + 0.79 11.42 + 0.76 —0.32 + 0.13 NS 

End-systolic segment tength (mm) 9.41 + 0.57 9,42 + 0.64 0.01 + 0.14 NS 

Myocardlal shortening (mm) 2.33 + 0.34 2.00 + 0.24 —0.33 + 0.15 NS 

Peak systolic pressure (mm Hg) 30.5 + 1.7 30.2 + 2.2 —0.3 4 1.2 NS 

End-diastolic pressure (mm Hg) 47413 45+ 1.1 —0.2 + 0.4 NS 
Septum 

End-diastollc segment length (mm) 12.31 + 0.87 12.88 + 0.86 0.57 + 0.15 <0.02 

End-systolic segment length (mm) 11.25 + 0.79 12.73 + 0.91 1.48 + 0.21 <0.02 

Myocardlal shortening (mm) 1.06 + 0.21 0.14 + 0.27 —0.92 + 0.25 <0.05 
Left ventricle 

End-diastollc segment length (mm) 11.95 + 0.84 11.98 + 0.86 0.03 + 0.03 NS 

End-systolic segment length (mm) 10.01 + 0.65 9.74 + 0.55 —0.27 + 0.11 <0.05 

Myocardial shortening (mm) 1.94 + 0.20 2.24 + 0.31 0.30 + 0.13 <0.05 

Peak systolic pressure (mm Hg) 98+5 s7+4 ~143 NS 

End-systolic pressure (mm Hg) 7045 7144 143 NS 

End-diastollc pressure (mm Hg) 6.7 + 1.2 7.0 + 1.6 0.3 + 0.6 NS 
Stroke volume (ml) 10.4 + 1.0 8.9+0.9 —1.5 + 0.2 <0,02 





Data are mean + standard of the mean In 6 dogs (body welght 17.8 + 2.2 kg). NS 


was the same during the 2 procedures. In the right 
ventricle, myocardial shortening and end-diastolic 
segment length did not differ significantly during oc- 
clusion of the septal artery and blood volume expansion. 
Hence the free wall of the right ventricle did not par- 
ticipate in the compensatory response. 

This observation together with increased myocardial 
shortening of the free wall of the left ventricle was 
compatible with paradoxical movement of the septum. 
This possibility was examined in 2 supplementary ex- 
periments by measuring the distance between the sep- 
tum and the right ventricular wall. Occlusion of the 
septal artery had no significant effect on the end-dia- 
stolic distance but reduced the end-systolic distance as 
expected for paradoxical movement of the septum. 
Figure 4 shows tracing from 1 of the experiments, and 
Figure 5 shows that the systolic excursions during oc- 
clusion of the septal artery increased at all levels of 
ventricular expansion. 


Discussion 


This study shows that acute occlusion of the septal 
artery in dogs immediately leads to deterioration of 
contractility of the septum. At a low level of blood vol- 
ume expansion there is no reduction in stroke volume, 
partly because of increased activation of the Frank- 
Starling mechanism in the uninjured left ventricular 
myocardium. Our data also suggest that paradoxical 
movement of the ischemic septum compensates to some 
extent for the normal function of the septum in the 
emptying of the right ventricle. 

Septum: After occlusion of the septal artery, the 
septum immediately attains an ischemic pattern with 
loss of contractility. This pattern is the same as observed 
during ischemia of the free ventricular wall.671012 Most 
of the dilation occurred during the isovolumic period. 
There was no significant reduction in segment length 
during the ejection period. Myocardial dimensions were 
reduced in early diastole, but end-diastolic control 
values were not regained. 


il 


not significant. 


Because of the localization of the septum, ischemia 
influences the emptying of both ventricles. Normally, 
the septum moves toward the center of the left ventricle 
during systole despite a large transseptal pressure dif- 
ference. A bellows function is induced because the free 
wall of the right ventricle moves more than the septum 
towards the left. When the septum becomes ischemic, 
it behaves in a passive fashion, and the transseptal 
pressure gradient may cause a paradoxical movement 
toward the right. The extent of the movement would 
depend on the degree of ischemia. 

Despite marked systolic bulging, occlusion of the- 
septal artery may not render the septum completely 
ischemic, since collateral blood flow from the left and 
right coronary artery has been demonstrated.4!3 Fixler 
et alë measured myocardial blood flow in dogs with a 
microsphere technique and found that as much as 54% 
of the blood flow to the septum remained afer ligation 
of the septal artery. In our study, occlusion of the septal 
artery probably led to a more profound reduction in 
blood supply. By occlusion of the left anterior de- 
scending coronary artery, 40% of the myocardial 
shortening may remain in the ischemic area despite the 
reduction in myocardial blood flow to 20% of control 
values.!? Provided the nutritional requirements of the 
left ventricular free wall and septum are similar, the 
remaining blood flow to the septum should be <20% of 
control value since no significant myocardial shortening 
remained. In our study ischemic changes in the septum 
were reversible, and there were no signs of progressive 
deterioration of myocardial function in the course of 
several ischemic periods of 3 to 4 minutes’ duration. 
Except for a few irregular beats immediately after oc- 
clusion of the septal artery (probably mechanically in- 
duced), no arrhythmia or conduction disturbance was 
observed. Evidently, longer periods of septal ischemia 
are required to produce arrhythmia. 

Left ventricle: Occlusion of the septal artery reduced 
stroke volume only after blood volume expansion, 
suggesting compensatory activation of the Frank- 
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FIGURE 4. Effects of occluding the septal ar- 
tery on the distance from the septum to the 
right ventricular (RV) free wall. Tracings from 
an experiment in a dog weighing 16 kg. LV SV 
= left ventricular stroke volume; Septum SL 
= septal segment length. 
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Starling mechanism after septal ischemia. The Frank- 
Starling mechanism, characterized by increased end- 
diastolic segment length and myocardial shortening, is 
operative up to left ventricular end-diastolic pressures 
of 12 to 15 mm Hg, but the response to a constant 
stimulus such as infusion of a certain amount of saline 
solution decreases as end-diastolic pressure is in- 
creased.® Similarly, occlusion of the septal artery might 
activate the Frank-Starling mechanism more at low 
than at high end-diastolic pressures. An interesting 
observation was that septal ischemia consistently 
modified the dynamic response of the freé wall of the 
left ventricle. An increase in preload is usually associ- 
ated with an increase in afterload because the ventricle 
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FIGURE 5. Relation between the distance from the septum to the right 
ventricular (RV) free wall and left ventricular (LV) stroke volume. 
Measurements were performed at 4 levels of blood volume. Open 
circles = control; closed circles = occlusion of the septal artery. The 
vertical lines connecting end-diastolic and end-systolic distances are 
systolic excursions which increased with occlusion of the septal ar- 
tery. ar f 
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dilates and end-systolic wall tension increases. There- 
fore, blood volume expansion results in increased end- 
diastolic and end-systolic dimensions. An isolated pa- 
pillary muscle exposed to constant afterload contracts 
to the same end-systolic length when the end-diastolic 
length is varied over a wide range.!4 During occlusion 
of the septal artery, the nonischemic myocardium of the 
left ventricle contracted to the same end-systolic length 
as before occlusion. Thus, the intact myocardium be- 
haved as the isolated muscle, suggesting no increase in 
left ventricular afterload after occlusion of the septal 
artery. f 

The sequence of events may be that septal ischemia 
reduces stroke volume because a fraction of the ven- 
tricular blood volume is displaced toward the bulging 
ischemic septum rather than ejected through the aortic 
orifice. Myocardial shortening in the nonischemic area 
proceeded to the same end-systolic segment length as 
before occlusion of the septal artery. Comparisons at 
similar end-diastolic segment lengths during occlusion 
of the septal artery and expansion of the blood volume 
show that left ventricular contraction stopped at an 
end-systolic pressure of about 70 mm Hg but at widely 
different end-systolic dimensions (Table J). 

Right ventricle: The dynamics of the free wall of the 
right ventricle were not changed by occlusion of the 
septal artery. In contrast, blood volume expansion was 
associated with proportional increments in end-diastolic 
segment length and myocardial shortening at all sites 
of recordings. Unaltered dynamics of the free wall of 
the right ventricle and no reduction in stroke volume 
before blood volume expansion despite marked septal 
ischemia strongly suggest another compensatory 
mechanism. In addition to the ischemic contraction 
pattern of the septum, further evidence for bulging of 
the ischemic septum into the right ventricular cavity 
was provided by measurements of the distance between 
the septum and the right ventricular free wall. Increased 
systolic excursion to a smaller end-systolic distance than 
before occlusion of the septal artery strongly suggests 
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that the ischemic septum behaves as a passive dia- 
phragm pump. This paradoxical movement may to 
some extent replace the normal contraction of the sep- 
tum in right ventricular pump function. 

Fixler et alë were first to claim that they had detected 
changes in right ventricular function during septal 
ischemia. In their study stroke volume was not reduced, 
and they found a reduction in systolic right ventricular 
pressure from 28 to 25 mm Hg. They attributed this 
small decrease in systolic pressure to reduced right 
ventricular contractility, but reduced pulmonary vas- 
cular resistance is an equally acceptable explanation 
since stroke volume did not decrease. To our knowledge, 
a reduction in stroke volume during occlusion of the 
septal artery has not previously been observed. 

Clinical considerations: In man, ischemia of the 
septal region is usually associated with ischemia of the 

- free walls in which systolic bulging would only have a 
deleterious effect. However, in principle, septal ischemia 
may elicit similar compensatory mechanisms in dog and 
man. Lesions of the left anterior descending coronary 
artery which reduce the blood supply to the septum 
either reduce septal excursion during systole or induce 
a paradoxical movement of the septum. This has been 
shown in several ventriculocardiographic and echo- 
cardiographic observations in patients with coronary 
artery disease.1617 It should be noted that the function 
of the ischemic septum as a diaphragm pump may be 
transitory because the distensibility of the septum 
changes during development of infarction. However, as 
long as paradoxical movement of the ischemic septum 
persists, it would support right ventricular emptying. 

Conclusion: Our study shows that septal ischemia 
alters the dynamics of both ventricles. Stroke volume 
was not significantly reduced by occlusion of the septal 
artery in the unexpanded heart of a dog. Because of 
increased compliance of the ischemic septum, end- 
diastolic dilation of the left ventricle is not associated 
with an increase in afterload counteracting contraction. 
The compensatory effects of- the Frank-Starling 
mechanism can therefore be fully exploited. However, 
even at moderate degrees of blood volume expansion 
this salutary function of the uninjured myocardium 


becomes insufficient and stroke volume decreases. In 
the right ventricle, paradoxical movement of the 
ischemic septum would contribute to the ejection, ex- 
plaining why no compensatory changes are induced in 
the free wall of the right ventricle. 
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Mechanisms of Spontaneous. and Induced Ventricular 
Arrhythmias i in the 24- Hour infarcted Dog Heart 


1 


BENJAMIN J. SCHERLAG, PhD,- GLENN KABELL, PhD, JOHANNES BRACHMANN, MD, 
LURA HARRISON, PhD, and RALPH LAZZARA, MD 


The incidence and types of ventricular arrhythmlas f 
were evaluated In 14 dogs, 24 hours after occlusion ` 


of the left anterior descending coronary artery. After 


induction of anesthesia .and left thoracotomy, - 


Such interectopic activity was not observed during 


` the spontaneous, automatic arrhythmias. Two of the 


14 dogs showed only ventricular fibrillation In re- 


' sponse to the provocative stimuli. These data con- 


standard electrocardiographic leads and electro- . 


grams from the His bundle and the left ventricular 
endocardium and epicardium (both infarct and 
normal zones) were recorded. Spontaneous ven- 


tricular tachycardia presumably due to abnormal 


firm previous findings that 24 hours after acute 


_ - myocardial. infarction In the dog heart multiform 


‘automaticity was consistently observed (average. 


rate 154 + 26 beats/min). These arrhythmias were . 


irregular and multiform. in this same group of dogs -. 


3 ventricular paced beats at rates above 300 


beats/min Induced rapid and unlform, reentrant- l 


ventricular tachycardias (average rate 345 + 17 


beats/min) that were difficult to terminate by pre- | 


mature beats or overdrive pacing. During this sus- 
tained ventricular tachycardia, continuous electrical 
activity was recorded from composite electrodes on 
the epicardial surface overlying the infarcted zone. 


ventricular rhythms can result from enhanced au- 


tomaticlty. In addition, It was found that ventricular 
tachycardla can be Induced in the same dog heart 
by a standard ventricular pacing procedure. Con- 
tinuous electrical activity bridging the Interectopic 


- Intervals‘only during the latter tachycardia provides 


strong evidence for the reentrant basis of these In- 
duced arrhythmias. These experimental findings are 
comparable to the 2 different forms of ventricular 


arrhythmias described clinically, at the same stage 
_of myocardlal infarction. The direct myocardial re- 


cordings also provide new insights into the phe- 


“nomenon of entrainment of tachyarrhythmias by 


Previous studies havé described various phases of l 


ventricular ectopy occurring after the onset of myo- 


cardial ischemia ‘and infarction in the dog heart. 


Evidence compiled from experiments in vivo and in 
vitro indicates that the spontaneous ventricular ectopic 


overdrive pacing. 


‘tachycardia—either abnormal automaticity or reen- 


try—could bė determined by rate, QRS morphology, 
and direct recordings from the myocardium. Moreover, 


- through attempts to terminate the rapid, reentrant 


beats and ventricular tachycardias seen in dogs 24 to48 


hours after coronary artery occlusion are primarily due 
to abnormal automaticity..5-7 In the present study 2 
different forms of ventricular tachycardia were found. 


in the 24-hour infarcted dog heart; the mechanism of 
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ventricular tachycardias with overdrive pacing, the di- 
rect. recordings provided new evidence on the phe- 
nomenon of entrainment described in recent. experi- 
mental? and clinical reports.910 


Methods 
. Experiments were performed in 14 adult mongrel.dogs 


‘weighing 10 to 20 kg. Each was anesthetized with intrave- 


nously administered sodium pentobarbital, 30 mg/kg. Under 
controlled ventilation, thoracotomy was performed.in the 


` fourth intercostal space and the left atrium reflected in order 
; to dissect the proximal left anterior descending coronary ar- 


tery from the epicardial surface of the heart. The artery was 
ligated distal to the anterior septal branch by silk sutures 


- passed around it and subsequently tied in 2 stages as described 


by Harris.2 After repair of the thoracotomy, the animals were 


, allowed. to’ recover for 24 hours. = 


p 


l 
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FIGURE 1. Spontaneous occurrence of ectople beats In the 24-hour 
infarcted dog heart. Traces are lead II (L-2) and aVR electrocardlograrns; 
His bundle electrogram (Hbeg); and composite electrogram from the 
normal zone of the posterior left ventricular epicardium (NZeg) and 
anterlor epicardium overlying the infarct zone (IZeg). The first 2 beats 
are sinus beats and the last 2 are a fusion beat (F) and a ventricular 
ectopic beat. Note the disappearance of His bundle potential {H}. Also 
the 1Z composite electrogram shows various fractionated potentials 
but no delayed activity beyond the QRS complex. 


Twenty-four hours later, after induction of anesthesia with 
sodium pentobarbital, standard electrocardiographic leads 
I through Ve were monitored and transmural myocardial in- 
farction was confirmed by the presence of Q-S patterns in the 
anterolateral precordial leads, mainly V2 through Ve. The left 
thoracotomy incision was reopened and the pericardium split 
to expose the left atrium and ventricle. A large multipolar 

` composite electrode!! was placed over the epicardial surface 
of the infarct zone (anteroapical wall) and held in place by the 
overlying pericardium. A similar composite electrode was 
positioned on the posterior wall to record from the normal, 
noninfarcted portion of the left ventricle. Another electrode 
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catheter passed through a carotid artery was positioned by 
electrographic monitoring on the endocardial surface in the 
infarct zone. This was determined by the marked diminution 
or fractionation, or both, of the electrograms recorded at this 
site in comparison with the normal appearance of electro- 
grams: high amplitude, nonfractionated, within a few milli- 
meters of this site. 

A common carotid artery was exposed in the neck and a5 
or 6Fr electrode catheter with ring electrodes 10 mm apart was 
advanced into the aortic root to record His bundle activity.1? 
Vagal-induced slowing of the beart rate was utilized to unmask 
underlying ventricular automaticity, This was accomplished 
by delivery of 0.05 ms square wave pulses at 1 to 20 V ata 
frequency of 20 Hz through silver wires inserted into the 
cervical vagosympathetic trunks.! Electrocardiographic leads 
II and aVR were monitored continuously as was arterial blood 
pressure. Atrial and ventricular pacing was achieved by the 
use of an S-88 Grass stimulator and SIU-5 isolation unit. The 
stimulator output delivered pulses of 2 to 10 V amplitude and 
2 ms duration through stainless steel wires (0.005 in diameter) 
inserted into the left atrial appendage for atrial pacing or into 
the right ventricular myocardium near the pulmonary conus 
for ventricular pacing. 

All records were obtained on a multichannel oscilloscopic- 
photographic recorder (Electronics for Medicine VR-12) at 
paper speeds of 25 to 200 mm/s with filter frequencies of direct 
current to 250 Hz for electrocardiographic leads and 30 to 250 
Hz for electrographic recordings. In addition, continuous re- 
cordings were made in each experiment on a multichannel 
magnetic tape recorder (Hewlett-Packard 8-channel) so that 
selected sections could be replayed and photographed at paper 
speeds as high as 500 mm/s for detailed analysis. Measure- 
ments were accurate up to +5 ms at 100 mm/s, +3 ms at 200 
mm/s, and +1.0 ms at 500 mm/s. 

Procedure: Recordings were obtained during sinus rhythm. 
Vagal-induced slowing of the sinus pacemaker was used to 
determine the rate and morphology of underlying ventricular 
ectopic pacemakers. Initially, regular pacing, at rates up to 
those at which Wenckebach periodicity occurred, was used 
to induce ventricular arrhythmias. In addition, long-short 
cycles of atrial paced beats'4 as well as ventricular pacing were 
used in an attempt to induce repetitive ventricular responses, 
namely, sustained ventricular tachycardia. Ventricular pacing 
consisted of 3 paced beats introduced during sinus rhythm at 
pacing rates of 300 to 420 beats/min. Sustained ventricular 
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1 my FIGURE 2. Spontaneous ventricular tachycardia (Vent 
‘ Tachy) (approximately 142 beats/min) in the 24-hour 
infarcted dog heart. Traces and abbreviations are the 
same as in Figure 1. All the beats are ventricular ectopic 
in origin. Note the Irregular rate and morphology of the 
ventricular tachycardia. As in Figure 1, the fractionated 
potentials are confined to the duration of the QRS and are 
seen only In the electrogram from the epicardium over- 

lying the infarct zone (IZeg). 


January 1, 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 -209 


tachycardia was defined as =100 consecutive ectopic beats. 
During these pacing procedures, areas of maximal epicardial 
delay or diminished amplitude were sought within the infarct 
zone by changing the position of the composite electrode on 
the anteroapical wall. 


Results 


In the 14 dogs studied 24 hours after coronary artery 
ligation, 2 distinct types of ventricular arrhythmias were 
consistently noted. One type of ventricular arrhythmia 
could be characterized as multiform ventricular 
rhythms at an average rate of 154 + 26 beats/min. The 
ventricular beats appeared as fusion beats (Fig. 1) or 
were seen more commonly in the form of runs of ven- 
tricular tachycardia which were intermittent and dis- 
played varying QRS morphologies. In order to deter- 
mine the rate of the ventricular rhythm, vagal-induced 
slowing or arrest of the sinus rate was achieved over a 
period of 30 seconds to 1 minute, during which time 
ventricular ectopic beats were easily identified without 
interference of the sinus rate. Figure 1 shows 2 sinus 
beats with His bundle potentials (H) preceding ven- 
tricular activation (V). The last 2 beats are either fusion 
(F) or ventricular in origin. 

The multiform nature of the observed ventricular 
rhythms is characterized in Figure 2. Note that during 
each different QRS morphology a His bundle deflection 
cannot be identified before ventricular activation. Also, 
ventricular activation in all electrograms was coincident 
with the QRS complex of that beat. Marked fraction- 
ation of the electrograms beyond the QRS complex was 
not observed. 

The second type of ventricular arrhythmia was in- 
duced by 3 ventricular paced beats at rates between 300 
and 420 beats/min. In the same dog as shown in Figures 
1 and 2, 24 hours after coronary artery occlusion, sus- 
tained ventricular tachycardia was induced by 3 ven- 
tricular paced beats (stimuli 1, 2, and 3) at a rate of 360 
beats/min. Note that in the first 2 ectopic beats pre- 
ceding ventricular pacing, electrograms from the epi- 
cardium overlying the infarct zone (IZeg) are similar to 
those seen in the composite recordings shown in Figures 
1 and 2. These electrogams show some degree of frac- 
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FIGURE 4. Overdrive pacing of sustained ven- 
tricular tachycardia (VT). Traces are the same as 
in Figure 3 except that the endocardial catheter 
recording In the area of the infarct zone (IZeg 
[endo]) Is also shown. Ventricular (Vent) capture 
(arrowhead) by pacer Impuises (Pl) alters the rate 
(330 beats/min) and QRS morphology of the 
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FIGURE 3. induction of sustained ventricular tachycardia (VT) in the 
24-hour infarcted dog heart. Traces are the same as in previous figures 
except for the bottom trace, which depicts stimuli (Stim) dellvered to 
the ventricles to Induce ventricular tachycardla. After 2 spontaneous 
ventricular ectopic beats, 3 ventricular paced beats at a rate of 360 
beats/min induce a regular sustained ventricular tachycardia. Note the 
change in the composite recording from the IZeg, which shows con- 
tinuous electrical activity during the ventricular tachycardia compared 
with that seen during the first ectopic beats. Note the lack of continuous 
activity in other leads during the induced tachycardia. Abbreviations 
as before. 


tionation as compared with the composite electrogram 
over the normal zone (NZeg), but activation is confined 
to the duration of the QRS complex seen in leads II 
(L-2) and aVR. However during 3 ventricular paced 
beats (Fig. 3), the duration of ventricular activation 
increased markedly so that after the second and third 
beats, electrical activation in the subepicardium over- 
lying the infarct zone extends into the S-T and T wave. 
At such time ventricular tachycardia at a rate of 360 
beats/min was reproducibly induced. Note that during 
the sustained ventricular tachycardia a pattern of 
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sustained ventricular tachycardia (rate 320 
beats/min). Fusion beats (F) are shown in the 
endocardial electrograms. In the epicardial infarct 
zone (lZeg [epi]) no capture of the continuous 
electrical activity (brackets) occurs by the over- 
drive pacing, as Indicated by its unchanged pat- 
tern. With cessation of pacing the sustained 
tachycardia continues. Abbreviations as before. 
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` continuous electrical activity was recorded in the infarct 
zone electrogram but not in the normal zone electro- 
gram. 

Sustained ventricular tachycardia was induced in 12 
of the 14 dogs. These sustained ventricular tachycardias 
were difficult to terminate using 1 or more ventricular 
paced beats at a rate faster than the induced tachycar- 
dia. In 8 cases it was not possible to terminate the in- 
duced sustained ventricular tachycardia by pacing, even 
though “capture of the QRS” was obtained. These were 
cardioverted by direct-current shock including 2 cases 
in which overdrive led to ventricular fibrillation. In the 
other 4 cases termination was possible with overdrive 
pacing. In 2 dogs ventricular fibrillation developed in 
response to 3 paced beats at rates between 300 to 420 
beats/min rather than sustained ventricular tachy- 
cardia. 

Figure 4 shows a sustained ventricular tachycardia 
(rate 320 beats/min) in which a reproducible pattern of 
continuous electrical activity was recorded only in the 
composite electrogram overlying the infarcted myo- 
cardium. Ventricular pacing (330 beats/min) from the 
right ventricular outflow tract caused ventricular cap- 
ture as evidenced by the more rapid upstroke and 
greater amplitude of the QRS complex in both leads. 
Also, the electrogram from the endocardial electrode in 
the area of the infarct was similarly altered. However, 
no change in the pattern of continuous electrical activity 
was seen in the infarct zone.electrogram. The lack of 
capture in the infarct zone allowed the ventricular 
tachycardia to continue on cessation of ventricular 
pacing. 

However, Figure 5 shows the ability of overdrive 
pacing to alter the interectopic pattern without termi- 
nating tachycardia. Initially, sustained ventricular 
tachycardia was observed with a relatively reproducible 
pattern of continuous electrical activity during the in- 
terectopic intervals. After the third beat, pacing im- 
pulses (PI, curved arrows) were delivered to the ven- 
tricle at a faster rate (400 beats/min) than the sponta- 
neous tachycardia (360 beats/min). Note that although 
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the major portion of the ventricles has been captured, 
resulting in a changed QRS complex (vertical arrow) 
and alteration of the normal zone electrogram, the 
pattern of continuous electrical activation in the area 
overlying the infarct zone is only partly altered. The 
negative potential (slanted arrows), which was consis- 
tently activated at the end of the interectopic interval, 
just before the onset of the QRS complex is, during 
pacing, activated at various times within the interec- 
topic interval. Note the changing relation of this po- 
tential (straight arrow) to the pacing impulse (PI, 
curved arrows). When ventricular pacing ceases the 
sustained ventricular tachycardia continues, and this 
negative potential resumes its previous position in the 
interectopic interval. Analysis of the QRS complex 
might support entrainment, however, recordings from 
the epicardium in the infarct zone show that the reen- 
trant circuit was only partly captured. 

In Figure 6, after a more prolonged overdrive at 390 
beats/min, the sustained ventricular tachycardia was 
terminated. Before termination there is capture of the 
entire heart including the reentrant circuit, but a dif- 
ferent pattern of continuous activity is seen during the 
interectopic interval. In the trace labelled IZ eg (epi) the 
length of the interectopic interval is indicated with a 
black bar. Note that during the interval there is a pro- 
gressive delay between the initial and the terminal de- 
flections in a Wenckebach-like manner (from 53 to 75 
ms). At the greatest delay the continuous activity ceases 
and an isoelectric period precedes each paced beat. 
When pacing stops the sustained ventricular tachy- 
cardia does not continue. These various forms of en- 
trainment are discussed later. 

Table I summarizes the results of this study. Spon- 
taneous ventricular arrhythmias that were intermittent 
and multiform were found either during normal sinus 
rhythm or by slowing the sinus rate of vagosympathetic 
trunk stimulation. The average heart rate of these ec- 
topic rhythms was 154 + 26 beats/min. Continuous 
activity was not observed on any of the direct recordings 
from the ventricular surfaces. At pacing rates of 300 to 
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FIGURE 5. Attempt to terminate sustained ven- 
tricular tachycardia (VT) by ventricular pacing. In 
the first 6 beats there is a reproducible pattern of 
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the potential that precedes each QRS complex. 

I i Ventricular pacing (400 beats/min) (PI = pacer 

rt i L impulse, curved arrows) at a rate faster than the 

| | Induced ventricular tachycardia (360 beats/min) 

| captures the ventricles (vertical arrow) as indi- 

cated by the change In the QRS complex after the 

fuslon beats (F). Ventricular pacing falls to ter- 
minate the tachycardia. See text for detalls. 
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420 beats/min in 12 of 14 dogs sustained ventricular 


tachycardia resulted. These ventricular tachycardias . 


are unifocal and regular at an average rate of 345 + 17 
beats/min. The difference between the average heart 
rates of these spontaneous and induced ventricular 
tachycardias was significant (p <0.01). Furthermore, 
mean blood pressure was also significantly different 
during the automatic (98 + 27) and reentrant (33 + 18) 
arrhythmias (p <0.001). 


Discussion 


The 24-hour infarcted heart: Several aspects of this 
experimental preparation should be emphasized. From 
a mechanistic viewpoint, this study shows that there are 
2 distinct forms of arrhythmias seen in this setting: 1 
due to abnormal automaticity ard the other to a reen- 
trant mechanism. In regard to the former, the present 
study confirms the previous findings of others?~*15 
which provided evidence that multiform ventricular 
rhythms in the 24-hour infarcted dog heart were un- 
masked by vagal-induced slowing of the heart rate, 
easily overdriven by atrial pacing but not terminated 
by the paced beats. In vitro, surviving subendocardial 
Purkinje fibers have been found in the 24-hour infarct 
which showed enhanced diastolic depolarization.5® This 
enhanced automaticity is not found in Purkinje fibers 
at the same sites after excision from normal hearts.16 
Some recent reports have suggested that triggered au- 
tomaticity might be responsible for the abnormal au- 
tomaticity seen in 24-hour infarcted hearts.’ 

The present study also demonstrates that ventricular 
pacing can be used to consistently induce sustained 
ventricular tachycardia (12 of 14 dogs). The induced 
tachycardias were always associated with fractionated 
electrical activity recorded from the subepicardium 
overlying the infarct. Moreover, this activity was found 
to form a continuous bridge between the beat initiating 
the tachycardia and the first ectopic beat and between 
subsequent ectopic beats. Although this evidence of 
slow conduction does not fulfill many of the previously 
established criteria for reentry, that is, unidirectional 






FIGURE 6. Successful termination of sustained ventric- 
ular tachycardia by prolonged overdrive pacing. Pacing 
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TABLE! Comparisons of Automatic and Reentrant 
Tachycardlas in the 24-Hour Infarcted Dog Heart 





; Automatic Reentrant 
Heart rato ` 154 + 26 p <0.01 345 + 17 
QRS morphology Multiform Uniform 
Regularity’ Irregular Regular, 
bpa sustained 
Mean blood 98 + 27 p <0.001 33 + 18 
pressure a 


(mm Hg) Š : 


block and mapping of the circus movement(s), it rep- 
resents strong presumptive evidence for reentry.1817-19 
In this regard, electrograms taken from identical sites 
during the multiform ventricular rhythms never showed 
continuous or bridging electrical activity between ec- 
topic beats (Fig. 1 and 2). In addition, a clear difference 
in the rate of the induced reentrant tachycardias and 
the automatic arrhythmias was observed (Table I). The 
former showed a regularity of rhythm and QRS mor- 
phology, whereas the latter were irregular and had 
multiform QRS complexes. 

Previous reports have described the induction of 
sustained or protracted ventricular tachycardia in the 
3to7 day infarcted dog heart.82%-24 The incidence of 
sustained ventricular tachycardia was as variable among 
these groups as were the techniques for producing their 
models of sustained ventricular tachycardia. All these 
reports had in common the conclusion that these 
tachycardias were well tolerated hemodynamically, 
easily induced and easily terminated by pacing, and 
probably caused by a reentrant mechanism. As such, the 
preparation of an infarcted dog heart 3 to 7 days after 
coronary artery occlusion®2021%4 or after coronary ar- 
tery occlusion and reperfusion?2.23 is similar to the pa- 
tient with recurrent ventricular tachycardias.”56 

The 24-hour infarcted heart preparation described 
in the present study shows induced tachycardia which 
differed from those described in the subacute studies 
mainly by the hemodynamic and electrical instability 
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compared with that seen during ventricular capture In (epi) 
Figure 5. During the period of entrainment the time be- 
tween the Initial and terminal interectoplc activity (IZeg 
[epl]) Increased from 53 to 75 ms in a Wenckebach 
fashion. Subsequently, an isoelectric period occurred 
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gram. With cessation of pacing sustalned tachycardia was 
abolished. See text for discussion. Abbreviations as Stim 
before. 
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of the former preparation. In this respect, the sustained 
ventricular tachycardias induced in the 24-hour in- 
farcted heart are similar to those induced in patients 
surviving out-of-hospital cardiac arrest.27 Therefore the 
use of this preparation may be applicable in testing new 
antiarrhythmic agents against life-threatening ar- 
rhythmias in the experimental animal and eventually 
in the patient at risk for sudden death. 

Clinical implications: With the advent of continu- 
ous electrocardiographic monitoring in the coronary 
care unit, it was found that paroxysmal ventricular 
tachycardia, rather than being rare, was a common oc- 
currence in patients 24 to 48 hours after the onset of 
myocardial infarction. It has been reported that accel- 
erated idioventricular rhythms occur fairly often in 
patients with acute myocardial infarction.?®.9 In man, 
these arrhythmias have been characterized by a rela- 
tively slow rate, 60 to 100 beats/min, a gradual onset, 
and termination with no adverse hemodynamic effect 
and no tendency to ventricular fibrillation. Enhanced 
automaticity of ectopic foci has been regarded as a 
primary causal mechanism because ventricular fusion 
beats are common. Except for the rate and multiform- 
ity, these clinical tachycardias are very similar to those 
occurring spontaneously in the 24-hour infarcted dog 
heart. The explanation for the faster rate and multiform 
character of the abnormal ventricular automaticity may 
be the high sympathetic tone in the open: -chest, pen- 
tobarbital-anesthetized dog. 

In contrast, Wellens et al®° presented a series of pa- 

tients studied 24 to 48 hours after acute myocardial 
infarction who manifested sustained ventricular 
tachycardias. Both atrial and ventricular paced beats 
failed to convert these arrhythmias to sinus rhythm. 
This is consistent with our findings in 24 infarcted dog 
hearts in which the induced ventricular tachycardias 
(rates averaging 345 beats/min) were interrupted only 
with difficulty and only after prolonged periods of ov- 
erdive pacing (Fig. 4 and 5). Wellens et al®° concluded 
that the ventricular tachycardias they observed were 
the result of an automatic mechanism because they 
could not be readily initiated and terminated by paced 
beats. However, there is no indication that the rhythms 
were overdriven; rather cardioversion was used to ter- 
minate the arrhythmia in 4 of the 6 patients. In only 2 
of these patients could the tachycardia be terminated 
by 2 ventricular prematüre beats in close succession. In 
coritrast to these patients with acute myocardial in- 
farction, Wellens et al®° found that the great majority 
of patients with chronic myocardial infarction, studied 
electrophysiologically, exhibited facile initiation and 
termination of tachycardias with ventricular premature 
or atrial premature beats. 
_ Rothfeld et al described 2 patients studied 24 to 48 
hours after acute myocardial infarction. Each showed 
accelerated idioventricular rhythm (60 to 100 beats/ 
min) which were intermittently interrupted by parox- 
ysms of rapid ventricular tachycardia at rates at least 
100 beats/min faster. This occurrence of 2 forms of 
ventricular tachycardia supposedly caused by 2 differ- 
ent mechanisms is closely analogous to that seen in our 
experimental preparation. 


Entrainment of ventricular tachycardia: In the 
course of these studies several insights were made into 
the phenomenon of entrainment of ventricular tachy- 
cardia.!° This process has been variously described as 
continuous concealed reentry, concealed perpetua- 
tion,?6 and entrainment.!° The last term has been the 
subject of detailed studies both in atrial’? and ventric- 
ular tachyarrhythmias. MacLean et alt? defined en- 
trainment of a tachycardia by rapid pacing as “an in- 
crease in the rate of all tissue of a chamber being paced 
to a faster rate than the tachycardia, with resumption 
of the intrinsic rate upon either abrupt cessation of 
pacing or slowing of the pacing rate below the intrinsic 
rate of the tachycardia.” This effect occurs within a 
narrow range of increased pacing rates above which the 
tachycardias are usually interrupted. The use of the 
composite electrogram iri the infarct zone in the present 
study allowed observations not possible using electro- 
cardiography alone. For example, our results demon- 
strate that entrainment of ventricular tachycardia or 
capture of the ventricles by pacing can o¢éur while local 
electrograms in the infarct zone are unaltered in their 
pattern of activation (Fig. 3). Similarly, Josephson et 
al? showed transient entrainment of ventricular 
tachycardia during overdrive with concealed perpet- 
uation of the intrinsic ventricular tachycardia. This was 
indicated by the unchanged activation of an electrogram 
recorded within a ventricular aneurysm during sus- 
tained ventricular tachycardia and during ventricular 
pacing. These investigators concluded that “the reen- 
trant circuit must be small, electrocardiographically 
silent and relatively protected.” MacLean et al,!° on the 
other hand, proposed that transient entrainment occurs 
as a result of failure to achieve a critical ventricular rate. 
Our findings provide evidence for this view as well. In 
Figure 6 we showed that the pattern of continuous ac- 
tivity during “ventricular capture” at a rate of 390 
beats/min was substantially different from the pattern 
during the intrinsic ventricular tachycardia at a rate of 
360 beats/min (Fig. 5). That 390 beats/min was a critical 
rate is shown by the occurrence of a Wenckebach-like 
delay within the slow conducting portion of the reen- 
trant circuit before actual capture and termination of 
the sustained tachycardia (last 3 paced beats in Figure 
6). 

In our studies the apparent protection of the reen- 
trant circuit may be in part the result of the rapid rate 
of the ventricular tachycardia which leaves little in- 
terectopic time for the pacing impulse to enter the cir- 
cuit, the distance from the pacing site to the area of 
reentry, and the small size of the reentrant circuit. A 
more systematic study of this phenomenon in the 
preparation we have decribed may provide a better 
understanding of entrainment of ventricular tachy- 
cardia. 

In conclusion, in a preparation of myocardial in- 
farction in the dog heart 24 hours after coronary artery 
occlusion, 2 types of ventricular arrhythmias can be 
consistently differentiated on the basis of the presence 
or absence of continuous electrical activity recorded 
from composite electrodes on the epicardial surface 
overlying the infarct zone. This preparation can be used 
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to study the mechanisms of sudden death, the effect of 
drugs in the prevention of life-threatening ventricular 
tachycardia, and the pathophysiologic mechanisms of 
ventricular tachycardia. 
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The difference is patient positioning. It’s one of the key elements of 
cardioangiography. And now, Cardicon makes it easy. 
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height C-arm and table. 

With Cardicon, you get total patient coverage, excellent patient access. 
With an unlimited choice of projection angles. For complete visualization 
of the heart chambers and all segments of the arterial tree. 

In fact, every component of the Cardicon system is totally integrated 
for best quality image. Like the unique Isocon camera system designed 

n si ss Be for high sensitivity, 

T r; i r unmatched resolution, 
and wide dynamic range. 
Plus an integrated video 
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on your technologists 
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Find out about the 
difference Cardicon 
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difference. Now. 
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esigned with me- 
ant in mind. 


People move, bend, stretch, perspire. 

_ When we designed Nitro-Dur™ (nitroglycerin) 
`: Transdermal Infusion System, we designed it 
with features to accommodate these human 
- factors. Because of the size of Nitro-Dur it has 
features that other nitroglycerin systems 
don't have. - 

Its big because it’s the only one with a 
wide adhesive strip. 

If angina patients were supine for 24 hours, 

- adhesion would be a minor concern. But people 


move, bend, stretch, and turn while awake and 


asleep. A system has to stay put throughout all 
_. these movements. . 


An developing Nitro-Dur, we tested dozens of 
tapes before we settled on a microporous tape 
known for its excellent adhesion, one that 
_ doesn’t leave the skin macerated and is 
relatively painless on removal. 


~The Nitro-Dur adhesive strip is wider than that 
on any other system. Wide enough to stay put 
-during a 24-hour day of walking, showering, 
bending, standing or sleeping. Wide enough to 
prevent leaking or falling off. 


Its big because it’s the only one with an 
absorbent pad. 

Because perspiration could affect adhesion, 
‘we added an absorbent pad behind the matrix. 

Nitro-Dur is the only system with this feature. 


Surface area determines the do 

The stratum corneum regulates the absorpt 
of cutaneously applied nitroglyceri 

cas the surface area of application i is 


< the dose of nitroglycerin also increases 
insure a fixed surface area, we offer a soli 


a gel polymer matrix that contains the 


- active drug. = 


The only transdermal to offer y r you 
grater gosage foiiy. 


two strengths. 


The only place it’s smaller—the co 
your patients. a 

Your patients can save up to $75 a year u ng 
Nitro-Dur rather than competitive products. 
Considering that they may be taking the 


~ product for years, that's a very important 


advantage! 


The human factor made us big. You made 
the largest-selling tanedermal nitrogl yen 
system. ae 


The most widely prescribed 
transdermal nitrogtycerin system. a 





ane DESCRIPTION: The Nitro-Dur Transdermal infusion Syse 


=: tem-contains nitroglycerin ina gel-like matrix composed 
of glycerin, water purified), lactose, polyvinyl alcohol, 
povidone and sodium citrate to provide a continuous 
Source of the active ingredient. Nitro-Dur is available 

“in dosage sizes Scm?, 10em?, 15cm? and 20cm?, 
containing 26 mg, 51 mg, 77 mg and 104 mig of. 
nitroglycerin, respectively, thereby providing precise 
; dosing levels of nitroglycerin. Nitro-Dur hasa rated 

..o felease in vivo of approximately 0.5mg/em?/24 hours. 
Each unit is sealed in a polyesterfoil-polyeth lene lami- 
nate. The bandage portion consists of a medical. grade 
non-woven, heat sealable, microporous tape. . 


-CLINICAL PHARMACOLOGY: When the Nitro-Dur sys- 
tem is applied to the'skin, nitroglycerin is absorbed © 
Continuously through the skin into the systemic circula- 
tion. This results in active dru reaching the target 
organs (heart, extremities) before deactivation by the 
liver. Nitroglycerin isa smooth muscle relaxant with 
vascular effects manifested: predominantly by venous 
dilation and pooling. The major beneficial effect of 
nitroglycerin in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to vascular smooth 
<: muscle relaxation with resultant reduction in-cardiac 
preload and afterload.-in recent years there has been an 
increasing recognition of a direct vasodilator effect of 
‘nitroglycerin on the coronary vessels. A 
“In bioavailability studies? transdermal absorption of 
“nitroglycerin from the gel-like matrix achieved stead 
State venous ee comparable to that of sub- 
lingual nitrogiycerin and maintained these levels for 24 
hours. Therapeutic effect is achieved within 30-minutes 
after application of the unit, and persists about 30 
minutes after removal of the unit. 


INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. - 


CONTRAINDICATIONS: Intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
“or increased intracranial pressure. 


WARNINGS: The Nitro-Dur system should be used under 
caretul clinical and/or hemodynamic monitoring in.pa- 
tients with acute myocardial infarction or congestive 
heart failure: : : 
in terminating treatment of angina patients, both the 
“dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to- prevent 
Sudden withdrawal reactions, which are characteristic of 
all vasodilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such as 
faintness, weakness or dizziness, pay orthostatic 
hypotension, may be due to overdosage. If during the 
course of treatment these symptoms occur, the dosage 
should be reduced, 

Nitro-Dur is not intended for use in the treatment of 
acute anginal attacks. For this purpose, occasional use 
of sublingual nitroglycerin may be necessary, 


< ADVERSE REACTIONS: Transient headache is the most 
; Common side effect, especially when higher doses of the 
‘drug are administered. Headaches should be treated with 
mild analgesics while continuing Nitro-Dur therapy, If head- 
«ache persists; the Nitro-Dur dosage should be reduced. 
~ Adverse reactions reported less frequently include 
hypotension, increased heart rate, faintness, flushing, 
dizziness, nausea, vomiting, and dermatitis, Except for 
: dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 
Nitro-Dur dosage should be reduced or use of the 
product discontinued. 


© HOW SUPPLIED: Nitro-Dur Transdermal infusion System, 
«Sem, 10em?, 15cm? and 20cm?, is available in unit 
dose packages of 28. 
CAUTION: Federal law prohibits dispensing without a 
“prescription. 
PATIENT INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each. unit dose package. 
"For complete prescribing information, please see 
package insert. 
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MEDICAL AND SURGICAL ADVANCES IN 








CORONARY DISEASE 


AEN PARE IER NIE E 
The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. - 
Written by 130 selected authorities, MYOCARDIAL 

REVASCULARIZATION represents the first comprehensive 

coverage of the subject, presenting many new therapeutic 

modalities not previously published anywhere. This volume is an 

outgrowth of the recent Intemational Symposium on Myocardial 

Revascularization held in Nassau, The Bahamas. it is edited by 


two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Colins, dr., MD. 


Myocardial Revasculariza tion a 
features the latest on: 


E Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 
W Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 
WE New Calcium Blocking Drugs 
W Cardiac Benefits of Coronary 
_ Rehabilitation Programs os 
Æ Coronary Bypass Surgery for Angina, _ 
Unstable Angina, AMI o 
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Critical Pattern Recognition” 
The next wave in Holter data analysis. 





No two patients have exactly the same 
ECG waveforms 

So to give you the most precise data 
analyzer for processing Holter tapes, we 
offer Critical Pattern Recognition 

Both the Trendsetter™ and Evaluator™ 
Data Analysis Systems are computer- 
controlled to recognize normal and variant 
ECG waveforms for each individual 
patient. 

Waveforms are categorized, counted 


and compared to the patient's typical ECG, 


ven though these normal patterns may 


DEL MAR AVIONICS 


vary throughout the monitoring period 

Moreover, analysis is halted automat- 
ically upon occurence of significant ectopic 
patterns, such as paired VEs/SVEs, 
R-on-T, V-Tach, SV-Tach, Ventricular 
Bigeminy, Bradycardia beats/runs and 
other critical events 

Dual 12-in CRT displays provide unsur- 
passed control of real-time data, And a 
wide selection of report formats (alphanu- 
merics, graphics and analog trends) pro- 
vide comprehensive permanent data for 
improved patient management 


Additionally, the Trendsetter can be 
updated to accommodate blood pressure 
pacemaker analysis, dual floppy disks 
and other options. Choose only what you 
need now and add more capability later 

For more details on the first Holter data 
analysis systems to offer Critical Pattern 
Recognition, call or write: Del Mar Avionics, 
1601 Alton Avenue, Irvine, California 
92714, Telephone (714) 549-1500, or call toll 
free at (800) 854-0481, (in California 
800/432-8446), Telex: 68-5621 
rendsetter and Evaluator a el Mor A 
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Burroughs Wellcome announces 


An oral digoxin with 
enhanced bioavailabili 





8 \bsorption of digo in from 
1 \NOXICAPS i s 90-100% corp: 


he enhancèd digoxin absorption from LANOXICAPS® compared to tablets and 
r is associated with reduced between-patient and within atient it variabil y 
ady-state serum concentrations. ee a 


24 aao of bioavailability and equivalent doses 2 


Bioavailability Equivalent Doses i May 


le switched from intravenous to oral ther 
igoxin tom yae ha veeommnended Also, consider Lanoxicaps for al II your ne 
| doses are 80% of those for tablets, elixir, diagnosed patients. 
ad IM injection. Colors of Lanoxicaps are distinctive, for 
_ Lanoxicaps may help make a smoother less confusion or misidentification by | 
ition for x patients who are being patients. Pease see net page tar brief summary of preserbing roman. 


(digoxin solution in capsules 


50 ug (0.05 mg) I.D. Imprint A2C (red) 
100 ug (0.1 mg) I.D. Imprint B2C (yellow) 
200 jeg (0.2 mg) L.D. Imprint C2C ero 


LANOKICAPS® shown magnified four times actual size.” < 


a les Burroughs Wellcome Co. ; 
<J. Research Tria e Park 
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LANOXICAPS® brand picoxin 
SOLUTION IN CAPSULES 50 ug (0.05 mg), 100 ug 
(0,10: mg), and 200 pg (0.20 mg) 

Brief Summary. of Prescribing Information 





























INDICATIONS AND. USAGE 
Heart Failure: The increased cardiac output 
resulting from the inotropic action of digoxin 
ameliorates the disturbances characteristic of 
heart failure (venous congestion, edema, dyspnea, 
rthopnea and cardiac asthma), 
Digoxin is more effective in “low output” 
ump) failure than in “high output” heart failure 
condary to arteriovenous fistula, anemia, 
infection or hyperthyroidism. 
Digoxin is usually continued after failure is 
controlled, unless some known precipitating factor 
is corrected. Studies have shown, however, that 
even though hemodynamic effects.can be demon- 
strated in almost all patients, corresponding 
provement in the signs and symptoms of heart 
failure.is not necessarily apparent. Therefore, in 
patients in whom digoxin. may be difficult to 
regulate, or in whom the risk of toxicity may be 
great '(e.g:, patients with unstable renal function 
or whose potassium levels tend to fluctuate) a 
cautious withdrawal of digoxin may be considered. 
digoxin is discontinued, the patient should be 
regularly monitored for clinical evidence of 
recurrént heart failure. 
CONTRAINDICATIONS 
igitalis glycosides are contraindicated in 
tricular fibrillation. 
Any untoward effect requiring permanent 
discontinuation of other digitalis preparations 
usually constitutes a contraindication to digoxin, 
asis hypersensitivity to digoxin itself. Allergy 
to digoxin, though rare, does occur. It may not 
tend to all preparations, and another digitalis 
glycoside may be tried with caution. 
WARNINGS 
The use of digoxin or other digitalis glycosides is 
unwarranted in the treatment of obesity. 
Digoxin in soft capsules should be administered 
in divided daily doses to minimize any potential 
adverse reactions. Where compliance is considered 
a problem, single daily dosing may be appropriate. 
_ Anorexia, nausea, vomiting, and arrhythmias 
May. accompany heart failure or may be indications 
of digitalis intoxication. Clinical evaluation of 
the cause of these symptoms should be attempted 
before further digitalis administration. 
Patients with renal insufficiency require smaller 
than usual maintenance doses of digoxin (see 
DOSAGE AND ADMINISTRATION section in 
‘complete prescribing information). 
Heart failure accompanying acute glomerulo- 
ephritis requires extreme care in digitalization. 
ow loading.and maintenance doses and con- 
itant use of antihypertensive drugs may be 
‘essary. Careful monitoring is essential. Digoxin 
ould be discontinued as soon as possible. 
Patients. with severe carditis, such. as carditis 
‘associated with rheumatic fever or viral myocarditis, 
ẹ especially sensitive to digoxin-induced distur- 
nces of rhythm. 
‘Newborn infants display considerable variability 
their tolerance to digoxin. Premature and 
immature infants are particularly sensitive, and 
dosage must not.only be reduced but must be 
individualized according to their degree of maturity. 
Note: Digitalis glycosides are an important cause 
of accidental poisoning in children. 
PRECAUTIONS 
eneral: Digoxin toxicity develops more frequently 
id tasts longer in. patients with. renat impairment 
ause ofthe decreased excretion of digoxin. 
































































refore, dosage requirements will be decreased.. 
in patients with moderate ta severe renal disease -: 


(see DOSAGE AND. ADMINISTRATION section i 


complete prescribing information). More time is 
required to achieve an initial or new steady-state 
concentration in patients with renal impairment 
than in patients with normal renal function. 

In patients with hypokalemia, toxicity may 
occur despite serum digoxin concentrations within 
the “normal range!’ because potassium depletion 
sensitizes the myocardium to digoxin. Hypokalemia 
may result from diuretic, amphotericin B,.or 
corticosteroid therapy, and from dialysis or me- 
chanical suction of gastrointestinal secretions. It 
may also accompany malnutrition, diarrhea, 
prolonged vomiting, old age, and long-standing 
heart failure. In general, rapid changes in serum 
potassium or-other electrolytes should be avoided, 
and intravenous treatment with. potassium should 
be reserved for special circumstances as described 
below (see Treatment of arrhythmias produced 
by overdosage, in OVERDOSAGE section), 

Calcium, particularly when administered rapidly 
by the intravenous route, may produce serious 
arrhythmias in.digitalized patients. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin 
may be inetfective until serum calcium is restored 
to normal. 

Hypomagnesemia may predispose to digitalis 
toxicity. If low. magnesium levels are detected 
in a patient on digoxin, replacement therapy 
should be instituted. 

Quinidine causes a rise in serum digoxin 
concentration, with the implication that digitalis 
intoxication may result. This rise appears to be 
proportional to the quinidine dose. Because of 
the considerable variability of this interaction, 
digoxin dosage should be carefully individualized. 

Patients with acute myocardial infarction 
or severe pulmonary disease may be unusually 
sensitive to digoxin-induced disturbances of 
rhythm. 

Atrial arrhythmias associated with hyper- 
metabolic states (eg, hyperthyroidism) are 
particularly resistant to digoxin treatment. Large 
doses. of digoxin are not recommended as the 
only treatment of these arrhythmias and care 
must be taken to avoid toxicity. in hypothyroidism, 
the digoxin requirements are reduced. Digoxin 
responses in patients with compensated thyroid 
disease are normal. 

Reduction of digoxin dosage may be desirable 
prior to electrical cardioversion to avoid induction 
of ventricular arrhythmias, but the physician 
must consider the consequences of rapid increase 
in ventricular response to atrial fibrillation if 
digoxin is withheld 1 to 2 days prior to cardio- 
version, If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. 
If it is not prudent to delay cardioversion, the 
energy level selected should be minimal at first 
and carefully increased in an attempt to avoid 
precipitating ventricular arrhythmias. 

incomplete AV block, especially in patients with 
Stokes-Adams attacks, may progress to advanced 
or complete heart block if digoxin is given. 

In some patients with sinus node disease tie., 
sick sinus syndrome), digoxin may worsen sinus 
bradycardia or sinoatrial black. 

In patients with Wolff-Parkinson-White syn- 
drome and atrial fibrillation, digoxin can enhance 
transmission of impulses through the accessory 
pathway. This effect may result in extremely rapid 
ventricular rates and even ventricular fibrillation. 
Digoxin may worsen the outflow obstruction 
in patients with idiopathic hypertrophic subaortic 
stenosis (1HS5). Unless cardiac failure i$ severe, 
it is doubtful whether digoxin should be employed. 

Patients with chronic constrictive pericarditis. 
may fail.to respond to digoxin. Inaddition, slowing 
of the heart rate by digoxin in some patients m 
further decrease cardiac output. 

rat ents with. heart failure from amyloid hear 


















solution in capsules) 


disease or constrictive cardiomyopathies respond 
poorly to treatment with digoxin, 

Digoxin is not indicated for the treatment of 
sinus tachycardia unless it is.associated with 
heart failure. 

Intramuscular injection of digoxin is extremely 


painful and offers no advantages unless other. 


routes of administration are contraindicated. 
Drug Interactions: Potassium-depleting cortico- 
steroids. and diuretics may be major contributing.’ 
factors to digitalis toxicity. Calcium, particularly: 
if administered rapidly by the intravenous route, 
may produce serious arrhythmias, Quinidine causes 
a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result: 
Antacids, kaolin-pectin, sulfasalazine, neomycin, =: 
and cholestyramine may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low. 
serum concentrations. Thyroid administration to. 
a digitalized hypothyroid patient may.increase.: i) 
the dose requirement of digoxin, Concomitant use. 
of digoxin and sympathomimetics increases the’ 
risk of cardiac arrhythmias; because both enhance’. 
ectopic pacemaker activity. Succinylcholine í 
may cause a sudden extrusion of potassium from: © 
muscle cells, and may thereby cause arrhythmias in 
digitalized patients. Although propranolol and ; 
digoxin may be useful in combination to control 
atrial fibrillation, their additive effects on AV node © 
conduction can result in complete heart block: 
ADVERSE REACTIONS 
The frequency and severity of adverse reaction 
to digoxin depend on the dose and route of adm 
istration, as well as on the patient's underlying 
disease or concomitant therapies (see PRE- € 
CAUTIONS section). The overall incidence of 
adverse reactions has been reported as 5% to: 20 
with 15% to 20% being considered serious (1% to 
4% of patients receiving digoxin). Cardiac toxiclt 
accounts for about one-half, gastrointestinal 
disturbances for about one-fourth; and CNS and 
other toxicity for about one-fourth of these adverse 
reactions. 
Adults: $ 
Cardiac — Unitocal or multiform ventricular 
premature contractions, especially in bigeminal 
or trigeminal patterns, are the most common 
arrhythmias associated with digoxin toxicity in. 
adults with heart disease. Ventricular tachycardi 
may result from digitalis toxicity, Atrioventricula’ 
(AV) dissociation, accelerated junctional (nodal) 
rhythm, and atrial tachycardia with block are 
also common arrhythmias caused by digoxin ; 
overdosage. ; 
Excessive slowing of the pulse is a clinical sign. 
of digoxin overdosage. AV block (Wenckebach 
of increasing degree may proceed to complete 
heart block. PIRR 
Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
cardiac disturbances. 
Gastrointestinal-- Anorexia, nausea, vomitin; 
and, less commonly, diarrhea are common early 
symptoms of overdosage. Uncontrolled heart 
failure may also produce such symptoms. | 
CNS~ Visual disturbances (blurred or y How 
vision), headache, weakness, apathy, andi 
can occur. 
Other —Gynecomastia is occasionally. observed 
Infants and.Children: 
Toxicity differs from the adult in a humber 
respects. Anorexia, nausea, vomiting, diate 
and CNS disturbances. may be present but are rare 
as initial symptoms:in infants. Cardiac arrhyth: 
are more reliable signs of toxicity: Digoxin in 
children may produce any arrhythmia. T 
commonly encountered are condu 





















































































“© bances or supraventricular tach 


such as atrial tachycardia wit! 
and junctional (noda 


t hmas are less Common. Sinus bradycardia 
> be a sign of impending digoxin intoxi- 
i i even in the absence 
ny arrhythmia or 
tion. Hal develops:in 


3. patients with a previous history of digitalis 
toxicity; 
4. patients considered likely to become toxic; 


-..5, patients in whom compliance is nota. 


problem. . 

Where compliance i is considered a sable 
once-daily dosing may be appropriate. 
Adults: 


Adults: rapid digitalization with a loading digi i 
Peak body digoxin:stores of 8 to 12 pg/kg should 
‘provide therapeutic effect with minimum risk . 


; _.of toxicity in most patients with heart: failure 


| i e 
(40 to 80 mEq K+) for adults may: be given 
i d renal function i is pecans (see below 


ea: to: local irritation, evened amounts 
i the arrhythmia is: uncontrolled and 


es to saptaventiicilat poring 
gents that: have been: used: for the 


eee propranolol and phenytoin. 
thel atter must be alga 


correction of the arrhythmia with potassium 
t, approximately ane 5 mEq/kg of potassium 


losages are average values that 
considerable modification because of 
ensitivity or associated conditions. 
‘al function is the most important 


mi soft capsules, -conunurided pied doses are 

ly. 80% ‘of those for tablets, elixir, and IM injection. 

Because the significance of the higher peak 
Acentrations associated with onée-daily~ 


40 years of age: 
dose of 300 He 


-and normal sinus rhythm. Larger stores (10 to. 


15 pg/kg) are often required for adequate control 


y of ventricular ratein patients with atrial flutter or 
fibrillation. Because of altered digoxin distribution 


and elimination, projected peak body stores for 
patients with renal insufficiency should be 
conservative (i€, 6to 10 pg/kg [see PRECAUTIONS 
section]). 

The loading dose should be based on the 
projected peak body stores and administered in 
several portions, with roughly half the total given 
as the first dose. Additional fractions of this 
planned total dose may be given at 6-to.8-hour 
intervals, with careful assessment of clinical 
response before each additional dose, 

If the patient's clinical response necessitates 
a change from the calculated dose.of digoxin, 
then calculation of the maintenance.dose should 
be based upon the amount actually. given. 
Dosage for Previously Undigitalized Patients: 

In previously undigitalized patients, a single initial 
Lanoxicaps dose of 400 to 600 pg (0-4 to. 0:6 mg). 
usually produces a detectable effect in 0.5 to 

2 hours that becomes maximal in Xto 6hours. 
Additional doses of 100 to 300 ug (0.1-te.0.3:mg) 
may be given cautiously at 6- to 8-hour intervals 
until clinical evidence of an adequate effect is 
noted. The usual amount of Lanoxicaps that a 
70-kg patient requires to achieve 8 to 15 g/kg 
peak body stores is 600 to 1000 ug (0.6 to 1.0 mg). 

Adults: gradual digitalization with a main- 
tenance dose— The following table provides 
average Lanoxicaps daily maintenance dose 
requirements for patients with heart failure based 
upon lean body weight and renal function: 


Digitalizing Dose for Children: i rhs 
Usual Digitalizing and Maintenance Dosages | ‘fo 


_banoxicaps:in Children With Normal Renal’ 


Function Based on Lean Body Weight > © 


Digitalizing*  Dailyt ‘Maintenance 
Dose (ng/kg): Dose (ng/kg) 


25-35: 25%-35% of the 01 
1530 0 d 


*IV digitalizing doses are the same. as Lanoxicap: 
digitalizing doses, ` 

+Divided daily dosing is recommended for ‘chute 
under 10 years of age. 

Projected or actual digitalizing dose prov 
desired clinical response. 


More gradiial digitalization can also be acc 
plished by beginning an appropriate maintena 
dose, The range of percentages provid 
can be used in calculating this dose for 
with normal renal function. in children with 
renal disease, digoxin dosing. must be'c 


Long-term use of digoxin is indicated in m 
children who have been digitalized foracut 
heart failure, unless the cause is transient i 
with severe congenital heart disease, even aft r 
surgery, may require digoxin for prolonged peri 

it cannot be overemphasized that both th 
adult and pediatric-dosage guidelines p provid 
are based upon average patient response and 


_substantial individual variation can be expe 


‘Accordingly, ultimate dosage selection must be 
based upon clinical assessment of-the patient. 
HOW SUPPLIED 


 LANOXICAPS (DIGOXIN SOLUTION IN 


CAPSULES), 50 ng (0.05 mg): bottles of 100 m 
A2C(red) : 

LANOXICAPS (DIGOXIN SOLUTION in 
CAPSULES), 100: ug (0.10 mgt: bottles o 
imprint.B2C (yellow) 

LANOXICAPS (DIGOXIN SOLUTION IN. 
CAPSULES), 200 ug (0:20 mgt: bottles of 100 
Imprint C2C (green). f 


+U.S. Patent No. 4088750 


Usual Lanoxicaps Daily Maintenance De ; Requirements (ug) 
for Estimated Peak Body Stores: of 10 g/kg 





50/110 60/432 





J- 





Corrected Ccr 
{ml/min per 70 kg) 


Example— Based on the above table, a patient 


in heart failure with an estimated lean body weight 


of 70 kg and a Ccr of 60 ml/min should be given: 
200 yg (0.2 mg) of Lanoxicaps per day, usually 
taken as a 100 ug (0.1 mg) capsule after the 
morning and evening meals. Steady-state serum 
concentrations should not be anticipated before 
11 days. 
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| Lean body weight (ke/lbs) 
70/154 
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Your pe patients tsdeservethe best 
ECG analysis they can get. 


If you're sending ECG 


monitoring tapes out to : 
Ours be analyzed, your Ea 
e patients aren't getting the $ 


kind of analysis they can have complete 
confidence in: yours. And you're not get- 
ting results that are as complete, time- 
saving and technically sophisticated 

as possible. 

But now you can, with the new, 
two-channel CircaMed with multi- 
dimensional analysis. It puts the results 
of real-time ambulatory monitoring right 
where they belong: in your practice. 

With CircaMed, your patient's every 
heartbeat is analyzed, 
but only 









relevant information is recorded, under micro- 
computer control. Up to two days of patient data are 
captured on two multi-dimensional channels; a 
summary is then printed in your office within minutes 
—while the patient is still there. A strip chart record 
of each 10-second ECG measurement can also 
be quickly produced for further diagnostic 
accuracy. And because CircaMed is simple 
to use, a specially trained technician isn't 
required. 
That means now neither you nor your 
patients have to worry about who's 
in charge of their ECG analysis: you are. 
You can both count on getting results 
quickly, economically and with complete 
confidence. 
To find out how easy it is to bring ECG 
analysis into your practice, write us 
today for a brochure or demonstration: 
777 Palomar Avenue, Sunnyvale, CA 
94086. Or call: (800) 538-1772. In 
California (408) 738-8550. 


CIRCADIAN 


Leaders in real-time ECG analysis. 


an Tracking of Contrast Echocardiographic Targets Be 
sed to Measure intracardiac Flow Velocities? 


\LDES-CR ~ DAVID J. SAHN, MD, SUZANA HOROWITZ, BS, 
>. FISHER, MD, ‘STANLEY J. GOLDBERG, MD, and HUGH D. ALLEN, MD — 


cent studies suggest tt that the slopes of linearly 
moving echocardiographic contrast targets (mi- 
‘obubbles) can be used to predict flow velocities 
‘ight heart. The purpose of this study was to 

ss the accuracy of velocities measured with 

‘ast echocardiography by comparing them with 

2 recorded with a previously calibrated quan- 
ative range-gated 2-dimensional echocardio- 
phic Doppler flow meter. Venous saline echo- 
ardiographic contrast injections and Doppler 
studies were performed in 10 patients, aged 6 
months to 16 years, who had been operated on for 
esions in the left side of the heart. Blood velocities 
ere measured on a Doppler flow meter along the 
lirection of flow in the main pulmonary artery just 
istal to the pulmonary valve in a short-axis plane. 
immediately after the Doppler study, an M-mode 
echocardiogram of the pulmonary valve was derived 
m the same plane as that used for the preceding 
ippler sample volume, passing through the pul- 
ary valve; 2 to 10 ml of normal saline solution 
forcefully hand-injected through a previously 
positioned peripheral venous line and recorded on 


cently, there has been interest in analyzing echo- 
diographic contrast targets (microbubbles) as 
ualitative indicators of blood flow patterns in the right 
eart, specifically for identifying tricuspid or pulmonary 
ficiency, or both.1? Attempts at quantitation 
that the slopes of linearly moving contrast 
nocardiographic microbubbles imaged within the 
icuspid and pulmonary valve orifices afford reason- 
bly accurate estimates of instantaneous blood flow 
elocity at those sites. 3 These results imply that mi- 
robubbles behave physiologically like moving red cells 
within the bloodstream. The present study was designed 


abet Department: of Pediatrics, University of Arizona, Health Sci- 
es Center, Tucson, Arizona. Manuscript received March 16, 1982; 
: Manuscript! received June m 1982, Serapted July 1, 1982. 
recs fi 


strip chart and videotape ata paper. soa of 
mm/s. Pulmonary flow velocities by conti 
echocardiography were measured as the slop 
the moving contrast echocardiographic targets 
just beyond the pulmonary valve leaflets. Measu 
able microbubbles had to follow the constrain 
described in a previous study by Shiina e 
Doppler velocities were read directly from the m: 
chine calibration marks (centimeters per secon 
recorded with the fast Fourier output. Instantaneou: 
and peak velocities were determined at time 
matched systolic points in cardiac cycles of ident 
R-R intervals. Significant but low level correlations 
were found between contrast echocardiography ; al 
Doppler instantaneous (r = +0.45} or peak (r 
+0.11) systolic velocities. Our results suggest th. 
while contrast echocardiographic microbubbles ca 
be measured to yield a velocity, they do not behav: 
like moving red blood cells that reflect ultrasoun 
to produce a Doppler shift. Therefore, contra 
echocardiography cannot be used reliably to | me 
sure flow velocities in the right heart. : 


to ‘test this hypothesis and to assess the accuracy 
contrast echocardiographic velocities by comparing 
them with simultaneously measured instantaneous and 
peak velocities recorded with a quantitative 2-dime 
sional range-gated echocardiographic Doppler fl 
meter (Electronics for Medicine/Honeywell). 
Doppler flow meter measurements had previously be 
calibrated against an electromagnetic flow mete 
open-chest dogs and against indicator dilution and o 
imetry in children during cardiac catheterization. 45 


Methods 


The study population consisted of 10 postoperative | pa: 
tients, aged 6 months to 16 years, with lesions in the left: side 
of the heart (coarctation of the aorta in 5, patent ductus. 
teriosus ligation in 3, and aortic stenosis in 2). All underwent 
clinically indicated echocardiographic contrast studies and 
all had a stable central hematocrit. of aot to 38% % measure 
within 12 hours of the study. 
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Bedside Doppler studies were performed with the patient 
in the supine position using a prototype Electronics for 
Medicine/Honeywell range-gated pulsed Doppler unit. This 
unit contains a 3.5 MHz single element transducer, mechan- 
ically swept through a 60° arc to achieve a real-time 2-di- 
mensional echocardiographic image that can be stopped along 
any image line. A variable-sized Doppler sample volume can 
then be positioned at any depth on that line, allowing appre- 
ciation of its location and angulation relative to flow (Fig. 1). 
The operational mode of the unit can then be switched from 
real-time to range-gated pulsed Doppler in less than 1/10 
second. Two outputs are available in Doppler mode, the first 
an audio signal, and the second a fast Fourier transform 
spectral analysis sampled at 200 times/s. The Doppler output 
and simultaneous echocardiographic trace can be recorded 
on astrip chart or video tape, or both (Fig. 1). The fast Fourier 
output can be converted to velocity of flow in centimeters per 
second based on the formula: Velocity of flow = frequency 
shift X velocity of sound in the medium/2 X transmitted fre- 
quency X cos 9, where cosine 0 equals the angle between the 
Doppler beam and the direction of flow. 

Ultrasonic studies began with 2-dimensional imaging of the 
right ventricular outflow tract, pulmonary valve, main pul- 
monary artery, and its bifurcation from a standard parasternal 
short-axis plane. The Doppler sample volume was then posi- 
tioned along the direction of flow in the pulmonary valve or- 
ifice immediately distal to the plane of the closed pulmonary 
valve. It was adjusted so that no pulmonary valve echoes 
crossed through it (Fig. 1). Once the optimal 2-dimensional 
image and Doppler output were obtained and the sample 
volume was confirmed to be as parallel as possible to the ap- 
parent direction of flow (cos 0° = 1), the 2-dimensional image 
was recorded on a strip chart to verify Doppler position fol- 
lowed by recording of the fast Fourier outputs of the Doppler 
flow velocity curves on strip chart and videotape. 

Immediately after the Doppler study, and with the patient 
still in the supine position, an M-mode echocardiogram of the 
pulmonary valve was derived from the 2-dimensional short- 
axis view along the same line as that used to position the 
preceding Doppler sample volume, passing through the pul- 
monary valve. While continuously recording this M-mode on 
astrip chart and videotape, 2 to 10 ml of normal saline solution 
was forcefully hand-injected through a previously positioned 
peripheral venous line. 

A lead II electrocardiogram was recorded throughout the 
entire study for timing purposes. All recordings were made at 
a paper speed of 100 mm/s. 

Analysis of records: Beats selected for measurement of 
echocardiographic contrast slopes and Doppler flow curves 
occurred at peak inspiration and were R-R matched from the 
preceding to the following cardiac cycle. 

Instantaneous echocardiographic contrast flow velocities 
were determined by measuring the slopes of 2 to 6 contrast 
targets for each patient with a computerized clinical graphics 
analyzer (Numonics®) calibrated for distance (centimeters) 
and time (milliseconds) before each measurement. The time 
of each microbubble slope was measured relative to the pul- 
monary valve opening. Following the methods described by 
Shiina et al, measurable microbubbles had the following 
constraints: They had to be straight, had to measure at least 
1.5 cm in length, and had to occur within 120 ms after pul- 
monary valve opening, the most rapid phase of right ventric- 
ular ejection. With the onset of systolic flow as indicative of 
pulmonary valve opening, points in the corresponding Doppler 
flow velocity curve were time-matched to those of the previ- 
ously measured microbubbles. Instantaneous Doppler ve- 
locities were read directly from the machine calibration marks 
(centimeters per second) recorded with the fast Fourier out- 
puts (Fig. 1). 
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PELER EAS a Nas a de be ee 
FIGURE 1. Top, parasternal short-axis view of the pulmonary valve, 
main pulmonary artery, and branches with Doppler sample volume 
positioned along the line of flow within the main pulmonary artery distal 
to the pulmonary valve. Middle, Doppler output derived from that 
sampling site. Instantaneous and peak velocities, read directly from 
calibration marks (cm/s), are indicated at 47 and 110 ms, respectively. 
Bottom, the saline contrast injection recorded at the pulmonary valve. 
The slopes of the linearly moving microbubbles, selected at time- 
matched points, are indicated in the figure. See text for details. 


Results _ 


Contrast.and Doppler studies were satisfactory i in all 
patients. Instantaneous velocities were measured 
‘om 2 to 6 contrast echocardiographic targets in each 
and matched to their corresponding systolic 
ts in the Doppler flow curve, which resulted in 38 
instantaneous velocities. In addition, peak 
pler velocities were compared with echocardio- 
yhic contrast slopes in all 10 patients, resulting in 10 
dual peak velocity points. 
orrelation of Doppler with echocardiographic 
ast velocities (Fig. 2): Significant but low level 
rrelations were found between time-matched echo- 
graphic contrast and Doppler instantaneous (r 
+0.45) or peak (r = +0.11) systolic velocities. 


rs: 454 
¥*,382x + 25.28 
SEE=17,78 
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correlations were found i 


Interobserver variability and 
ability: The echocardiographic cor 


The standard error of the mean testing Soul 
<5% when poyerdiad aae measureme 


<5%: 


Discussion 


Our feala indicate that thë 
of linear echocardiographic con 
poorly with the flow velocity of red blood cell 
by a range-gated 2-dimensional echot i 
Doppler flow meter: i 

Use of Doppler methods to: measure How: 


measuring a ee fromianey en 0 
measurement of flow velocity isa function of the « 
of the intercept angle; consequently, flow determi 
is maximized when the Doppler beam is orien 
parallel (at 0° angle) to the direction of flor 
locity is significantly reduced when the so 
deviated from 0°. Units combining Doppler wit 
mode echocardiography allow estimation of th i 
of the sample volume; however, the critical 
angle cannot be determined. The prototype sy: 
in this study permits control and approximati 
an angle in 2 planes. The angle in the third p 
vational) cannot be measured. However, minim: 
viations from an intercept angle of 0° are of no pra 
importance, because the cosine of the small i 
angle is still quite close to unity. 

Accuracy of the Doppler flow meter used i in ou 
was verified in our animal and clinical laboratorie 
Doppler measurements of blood flow velocity (and d 
rived stroke volume and cardiac output) in the a: 
cending aorta of open chest dogs compared favo 
with simultaneous determinations made with an elec 
tromagnetic flow meter (r = +0.95, standard error of t 
estimate [SEE] = 0.035).4 More recently, Doppler flo 
velocities measured.in-the ascending aorta and | pul 
nary artery of children during cardiac catheterizati 
and used to calculate systemic and pulmonary bloa 
flows and QP: RG correlated well with simultaneot 


2 separate studies indicate that velocity meas 
obtained with the 2-dimensional range-gated Do 
flow meter and used as the reference standard i 
study are accurate estimates of flow velocity in 
experimental and the clinical setting. 

We did not take advantage of the capabilit; 
instrumentation to record echocardiographic c 
targets simultaneously with Doppler (that i i 
tential fora QM or flow M-mode tracing), beca 
experience the velocities detected by D 






































Methods section, the Doppler sample volume was 
placed directly within the pulmonary valve orifice just 
listal to the closed position of the leaflets and just far 
‘enough so that no pulmonary valve echoes crossed 
through it. The slopes were measured in systole after the 
valve had opened and at a position along the M-mode 
ne which was posterior or distal to the closed position 
of the valve (Fig. 1). Therefore, the position at which the 
icrobubble slopes were measured within the pulmo- 
nary valve orifice corresponds quite closely to the po- 
ition of the Doppler sample volume, that is, both were 
1 cm distal to the level of the closed pulmonary 
alye: 

‘In this investigation, we elected to measure echo- 
‘diographic contrast and Doppler velocities exclu- 
ively in the main pulmonary artery just distal to the 
pulmonary valve to minimize errors due to irregular 
blood flow patterns elsewhere. In addition, following the 
recommendations of Shiina et al,3 we only considered 
echocardiographic contrast targets measuring >1.5 cm 
n length to assure that the selected target was moving 
ipproximately parallel to the ultrasound beam and 
therefore represented close to maximal echocardio- 
graphic contrast velocity.? Furthermore, because the- 
oretically the vector velocity of the microbubbles could 
be the result of a complex relation between blood flow 
and gravity, all patients were studied supine to avoid 
hanges in gravity factor with different. patient posi- 
ions. Finally, all patients selected for inclusion in the 
tudy had a similar hematocrit level and had lesions in 
the left side of the heart with no clinical or Doppler 
evidence of turbulent pulmonary flow, or both. Because 
‘motion of microbubbles.could be affected by the density 
of the medium, that is, the blood, which in turn may 
vary in conditions of turbulent versus laminar flow, 
imposing these added constraints was an attempt to 
minimize these potential sources of error. Despite these 
precautions and acceptable errors in repeatability and 
nterobserver variability, only low level correlations 


would not allow determination of whether microbubble . os 
velocities reflect those of red cells. As stated in the 


were found. between Doppler and. echocardiographic 


contrast instantaneous and peak velocities. = = 

We conclude that contrast echocardiographic targets 
(microbubbles) do not behave physiologically like the 
moving red blood cells that produce the Doppler shift. 
Although the slopes of their trajectories can be mea- 
sured to yield a velocity, these do not match the velocity. 
of red cells within the blood stream as measured with 
a range-gated 2-dimensional echocardiographic Doppler 
system. Therefore, contrast echocardiography cannot 
be used to reliably measure flow velocity in the right 
heart. 
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ardiac Localization of Transvascular Bioptome 
2 Dimensional Echocardiography 


=S W. FRENCH, MD, RICHARD L. POPP, MD, and PAUL T. PITLICK, MD 


1o-dimensional (2-0) echocardiography was 
ed to 


avascular endomyocardial biopsy i in 7 children 
| heart muscle disease whose ages were 6 
hs to 18 years. One left ventricular and 11 right 


ique. Two-dimensional echocardiographic 


ansvascular endomyocardial biopsy was described 

‘Sakakibara and Konno! in 1962. Although applica- 

n of the procedure remains limited,” the technique 

ed in several medical centers to diagnose and 

itor various forms of heart muscle disease.>-!? A 

cial bioptome is passed into a peripheral vessel and 

into a ventricular chamber using fluoroscopic 

rol, Access to the right heart is usually obtained by 

ous introduction of the bioptome into the 

ernal jugular vein.” Femoral approaches to 

he right and left ventricle also have been de- 

5-7 This report evaluates the addition of 2-D 

ardiography to the biopsy procedure to facilitate 
sitioning of the bioptome i in the heart. 


‘Methods 


tients with a clinical diagnosis of cardiomyopathy were 
for biopsy tomake a specific diagnosis of myocarditis, 
irm the clinical impression of heart muscle disease, or 
or drug effects on the myocardium (Table I). The 
rents, or both were fully informed and consent was 
atients were prepared for the biopsy as previously 

the jugular (right heart) or femoral (left heart) 

-1 Either heavy sedation with a combination of 

e and diazepam or light general anesthesia was 

xd, depending upon patient anxiety. The biopsy pro- 
dure was usually combined with standard right or left heart 


monitoring has the Sheasge of reducing rad 
exposure and providing anatomic informatio 
intracardiac structures as well as bioptome 
ization. Lateral beam spread and reverberatior 
tifacts represent potential problems with | 
echocardiography, but mey did not cause o sani 
difficulties in this ey l 


Two-dimensional echocardiography using comm g 
available instruments and 2.25, 3.5, or 5 MHz transducers 
used to position the bioptome. The 2. 25 and 3.5 MHz tra 
ducers were wide angle (80°) phased array units (Hewle 
Packard), In 2 cases (Patients 5 and 7) a5 MHz 30° oscil 
head (Smith Kline Instruments) was employed. The hig 
frequency instrument improved the picture quality, but th 
oscillating motion created a significant problem during 
tempts to maintain a stable chest position. In all patie: 
sector scanning was initiated from a subcostal or apical w 
dow and the transducer was orientated for an optimal 
chamber or long-axis view which allowed imaging of the septal 
and, with transducer angulation, the inferior surface o 
ventricular chamber. Each patient required some variation 
in transducer placement. Because the patient was position 
on the fluoroscopy table to optimize catheter introduction z 
was relatively fixed, we tested several transducer position 
before introduction of the bioptome. In the left heart stu 
alternating between an apical long axis and A left ventri 


TABLE | Clinical Synopsis of Patients _ 
Patient Age psy 


“Myopathy Cc. restrictiv 
Histiocytosis ` : 
“NT, VF, rule‘out CM) 
Kearns-Sayre se : 
Myocarditis 
» = Myocarditis 
RV, Lv -Myocarditis i 


* Number of procedures, c = Cardiac. Muscle, m = 
athys LV F deft: ventricular biopsy; NF t veni 
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short axis provided the best visualization of the bioptome 
position relative to the septal surface and the posteromedial 
papillary muscle. Although it was possible to image a large 
part of the bioptome shaft as it passed through the right 
atrium or the aorta, during the biopsy procedure the view 
which provided an optimal image of the bioptome head con- 
tacting the myocardium was utilized (Fig. 1). During a single 
biopsy procedure, 8 to 5 tissue samples were obtained for 
analysis. 

Initially, the ultrasound transducer was positioned so that 
it was out of the fluoroscopic field. The echocardiographer 
wore a lead glove in addition to the usual protective vest and 
2-D echocardiography was used simultaneously with fluo- 
roscopsy. When used in this manner the lead glove and the 
fluoroscopy unit made it difficult to properly position the 
ultrasonic transducer and impossible to maintain a position 
for more than a few minutes. In the last 6 procedures, as we 
gained confidence in ultrasonic localization, we alternated 
fluoroscopic and echocardiographic imaging: fluoroscopic 
monitoring was used to place the bioptome across the tricus- 
pid or aortic valve, and 2-D echocardiography was then used 
for ventricular positioning. Each patient was checked for 
pneumothorax by fluoroscopy and for pericardial effusion by 
echocardiography at the completion of the procedure. 


Results 


Two-D echocardiography was used to monitor 1 left 
ventricular and 11 right ventricular biopsy procedures 
in 7 patients. Patient 6 had 4 serial biopsy procedures 
to monitor the effect of steroids and immunosuppres- 
sion on his myocarditis. In Patient 4 there were diag- 
nostic problems, and myocarditis was initially thought 
to be the cause of acquired complete heart block. The 
first biopsy was equivocal, while the second suggested 
noninflammatory cardiomyopathy. The remaining 


patients had single biopsy procedures, although Patient 
7 had both left and right ventricular biopsies. All right 
ventricular biopsies were accomplished with a percu- 
taneous internal jugular approach, while the left ven- 
tricular study was done through the femoral artery. In 
each case the bioptome and its relation to valve leaflets, 
chordae, papillary muscles, and the myocardium were 
readily visualized by echocardiography (Fig. 1 and 2). 
Frequently, initial positioning directed the bioptome 
into the ventricular free wall, or toward the atrioven- 
tricular valve apparatus (Fig. 2). In more than 50% of 
our cases some repositioning of the catheter was nec- 
essary before the tissue sample was obtained. This 
usually involved backing and rotating the catheter in 
the ventricle, and was easily accomplished using 2-D 
echocardiography (Fig. 2). In this series of patients the 
myocardial abnormality was considered homogeneous, 
and no particular attempt was made to direct the 
catheter to a “new” myocardial position for each tissue 
sample. No complications were identified using the 
combined technique. The biopsy procedure was not 
significantly prolonged as a result of the echocardio- 
graphic monitoring. 


Discussion 


Since its introduction, transvascular endomyocardial 
biopsy has provided valuable data on several of the 
heart muscle disease groups. The most important at 
Stanford, in terms of patient numbers, have been 
staging of anthracycline-induced cardiomyopathy,’ the 
histologic diagnosis of myocarditis,? and detection of 
rejection in patients who have undergone heart trans- 
plantation? or heart and lung transplantation.!° The 





FIGURE 1. Proper bioptome position. A: Left panel, 4-chamber view, with arrow pointing at bioptome. Tip of bioptome (B) is in the tricuspid anulus. 
Right panel, tip of bioptome has been advanced to the right side of the ventricular septum (S) near the apex, the proper location to obtain a specimen. 
B, short-axis view of left ventricle (Lv), with bioptome (triangle) correctly positioned adjacent to ventricular septum and avoiding papillary muscle. 
Open circles identify papillary muscles. A = Anterior; Ap = apex; L = left; LA = left atrium; R = right; RA = right atrium. 
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FIGURE 2. Improper bioptome position. A, 4-chamber view; bioptome 
tip is directed toward the free wall of the right ventricle (RV). B, long-axis 
view of the heart; bioptome (arrows) has been passed through the aortic 
valve and tip is directed toward the papillary muscles of the mitral valve 
(m). C, same view as in B; the catheter has been properly repositioned. 
AO = aorta; other abbreviations as in Figure 1. 
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technique is also useful in patients with the suspected 
diagnoses of infiltrative or storage abnormalities of the 
myocardium such as amyloidosis, sarcoidosis, or hem- 
ochromatosis.!!!? Patients in the current study group 
had biopsies for a more precise histologic diagnosis when 
the differential diagnosis included cardiomyopathy or 
myocarditis, or both; to monitor immunosuppressive 
therapy for inflammatory myocardial disease; or to rule 
out myocardial infiltrative disease (histiocytosis) in a 
patient who had previously received doxorubicin. 

The standard approach to right ventricular biopsy in 
our institution is to introduce the bioptome percuta- 
neously into the right internal jugular vein and advance 
the biopsy catheter into the right ventricle under fluo- 
roscopic control. The appearance of premature ven- 
tricular contractions on the electrocardiogram and 
“resistance” to catheter advancement identify contact 
with the ventricular wall. Although cardiac perforation, 
pneumothorax, embolism, arrhythmias, and nerve 
palsies have been reported, meticulous attention to 
technique has resulted in a very low incidence of com- 
plications. The procedure is well tolerated and can be 
performed on adult outpatients, although fluoroscopy 
is required. With continuing improvement in echocar- 
diographic instrumentation and the demonstration that 
other types of intracardiac catheters could be imaged 
with ultrasound,!*-!5 the addition of 2-D echocardiog- 
raphy to the biopsy protocol offered the potential for 
reducing radiation exposure and for providing an ana- 
tomically detailed intracardiac image to position the 
biopsy catheter. The introduction of 2-D echocardiog- 
raphy was not expected to reduce the already-low in- 
cidence of biopsy-related complications in the adult 
with dilated (congestive) cardiomyopathy. However, in 
young children or in other patients whose ventricles are 
small or abnormally shaped (as in hypertrophic or ob- 
literative cardiomyopathy, endocardial fibroelastosis, 
or myocardial storage disease), the ability to visualize 
ventricular boundaries and intracardiac structures such 
as atrioventricular valve apparatus assumes greater 
importance. The right ventricle is biopsied more often, 
but the capacity to identify left ventricular structures 
is equally valuable. Even though the thicker left ven- 
tricular wall makes perforation less likely, the integrity 
of the valve structures is more critical. 

This patient series demonstrates some important 
differences between fluoroscopy and 2-D echocardiog- 
raphy as imaging techniques. Fluoroscopy presents 
positional information about the overall cardiac sil- 
houette. With the use of fluoroscopy the catheter is 
positioned near the apex of the cardiac shadow in the 
frontal plane. No additional anatomic information is 
available for bioptome localization. It is assumed that 
this position plus the catheter rotation used to manip- 
ulate the bioptome orients the catheter tip into the 
apical portion of the ventricular septum.‘ In patients 
without congenital anatomic abnormalities and with 
normal or large ventricular chambers this has been a 
very satisfactory technique. Multiple imaging planes, 
although available, usually are not used. Anatomic 
variations, as in the infants (Patients 5 and 7) with 
relatively small hearts and the child (Patient 1) with 
restrictive cardiomyopathy and small ventricular 


ia 
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chambers, are better evaluated with the anatomic in- 
formation available from the echocardiographic image. 
Multiple variations in image planes were used in all 
patients to identify the catheter and important ana- 
tomic landmarks. Although fluoroscopy times were not 
examined systematically we now use 2-D echocardiog- 
raphy almost exclusively for ventricular positioning, 


thus avoiding that radiation exposure. A disadvantage 
to the combined use of 2-D echocardiography and flu- 
oroscopy is the necessity of an additional physician or 
technician to operate the echocardiographic equip- 
ment. 

An inherent problem in biopsy procedures of this type 
is the question of representative sampling.? Most heart 





FIGURE 3. Reverberation artifacts. Left panel, 4-chamber view, bioptome positioned in the mid-right ventricle. There is a reverberation artifact 
which does not cross the atrial or ventricular septa. Right panel, 4-chamber view, same study, slight change in image plane and catheter position. 
Note that the artifact now makes the catheter appear to cross the mitral valve, enter the left ventricle, and cross the plane of the ventricular septum. 


Abbreviations as in Figures 1 and 2. 








FIGURE 4. Monitoring the biopsy myomectomy. Left panel, 4-chamber view, with bioptome tip positioned to remove a specimen. Right panel, 
when the bioptome was withdrawn, the myocardium briefly separated from the pericardium (small arrows). Abbreviations as in Figure 1. 


i f ectión of the generalized T 
ase process. This study demonstrates that 2-D 
ardiography currently allows visual identification 
ite before biopsy. The ease with which multiple 
ocardiographic imaging planes can be obtained 
ould help assure multiple sampling sites and an ac- 
te knowledge of the site of each sample. With the 
yossibility. that ultrasonic tissue characterization 
gnated area of myocardium may be available 
uture,!®!7 2-D echocardiography offers the po- 
for both gross identification and ultrasonic in- 
ogation of the biopsy site before the tissue sample 
en. The enhanced ability to localize the bioptome 
with echocardiography may also allow applications in 
alized myocardial disease such as intramural tumors 
myocardial disease in patients with cardiac mal- 
position where fluoroscopic orientation is not adequate 
for biopsy localization. 
ateral beam spread and reverberation artifacts 
ate potential limitations on the accuracy of catheter 
zation using 2-D echocardiography. Lateral beam 
ead was not a major problem in this study because 
lized the catheter tip and tended to ignore other 
rts of the catheter; furthermore, variations of a few 
limeters were not critical for structure identification 
uring the biopsy procedures in our patients. However, 
nthe ventricle or ventricles are very small, in infants 
example, or where the value of the biopsy depends 
n precise localization of the biopsy site, resolution 
uirements may exceed the capabilities of some 
ocardiographic instruments. Reverberation artifacts 
the metal catheter were common (Fig. 3) but did 
ot cause problems during this study. Because the tip 
the catheter was closest to the transducer, artifact 
ng posteriorly (away from the area of greatest in- 
t) did not interfere with tip localization and usually 
ot obscure structures near the tip. At times the 
heter seemed to cross the plane of the ventricular 
ptum (Fig. 3), but this phenomenon could be identi- 
ed as artifact by changing the echocardiographic 
aging plane, moving the catheter slightly, or noting 
t the catheter tip remained within the proper ven- 
e. 
Echocardiography also provides a dynamic picture 
‘the biopsy procedure. For example, in Patient 1 the 
ocardium was fibrosed and initial attempts to re- 
he closed bioptome caused sufficient myocardial 
sement that a significant pericardial “space” was 
without separation of a biopsy sample (Fig. 4). 
optome was opened, repositioned in the ven- 
lar apex, and.a satisfactory biopsy sample was ob- 
d. The most sensitive indicator of “reasonable 
e,” a term used to guide new. practitioners, when 
parating the. tissue sample from the myocardium is 
xperience of the bioptome operator. However, the 
acity to observe the initial position of the bioptome 
degree of pericardial separation. using 2-D 
rdu e biopsy | provide secondary 


le when. repositioning of the 


An intereeting cbscrvebion was the appearance o 
periodic waves of ultrasonic targets when the biopt 
was moved or when a specimen was obtained. | 
phenomenon was not associated with any clinical a 
verse effects. The targets probably resulted from a 
mospheric gas adhering to the surface of the bioptome 
The ultrasonic appearance is analogous to the pre 
ously described “ultrasonic contrast injections” u 
indotyatine green, saline solution, or the patien 


We occlude that the addition of 2-D edhi card 
raphy to the myocardial biopsy procedure allo: 
hanced visualization of the bioptome position, pé 
ularly with regard to intracardiac structures.. T 
most advantageous with small, unusually shaped, 
abnormally positioned ventricles, or when a specifi 
biopsy site is required. A combination of flucroscop: 
and 2-D echocardiography used alternately provid 
the best visualization and allowed immediate mo. 
toring for complications such as pneumothorax 
pericardial effusion. : 


Addendum 


Since submission of.this work, we performed e ve 
tricular endomyocardial biopsies in 2 more children, aged 
and 14 months, and whose weights were 7 and 8 kg, respe 
tively. In both, echocardiographic localization of the biop 
was superior to fluoroscopy, and there were no compli 
tions. fod 
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Digital Left Ventriculography 


igital subtraction angiography enhances the con- 


f angiography with reduced doses of contrast 
medium. The objectives of the present study were 
(1) to validate the accuracy of digital left ventricu- 
ography for measurement of left ventricular vol- 
mes and segmental contraction; and (2) to com- 
are the hemodynamic effects resulting from low- 
nd high-dose intraventricular contrast injections. 
wenty-eight patients underwent digital left ven- 
iculography, performed by intraventricular injection 
f 7 mi of contrast medium diluted in saline solution, 
llowed by conventional cineangiography of the left 
entricle performed with 45 mi of undiluted contrast 
iedium. Left ventricular volumes calculated from 
igital ventriculograms correlated well with volumes 
alculated from conventional ventriculograms: 
nd-diastolic volume (r = 0.97, standard error of 
stimate [SEE] 23.4 ml; end-systolic volume (r = 
-97, SEE 15.4 ml); stroke volume (r = 0.95, SEE 
4.7 ml); and ejection fraction (r = 0.97, SEE 












he diagnostic potential of conventional left ventricu- 
graphy is limited by the relatively large doses of con- 

ist medium necessary to adequately opacify the left 
tricular cavity. Conventional doses of contrast me- 
m cause hemodynamic alterations!2 which have 
been attributed to the direct myocardial depressant 
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3.8%). Segmental left ventricular contraction, © 
measured as percent chordal shortening of hemi- | 
axes, correlated moderately well (r = 0.81, SEE 
11.5%). After injection of undiluted contrast medi- 
um, left ventricular systolic pressure decreased (133 __ 
+ 31 to 123.5 + 27 mm Hg; p <0.01) and left ven 
tricular end-diastolic pressure increased (12.0 + 

to 16.9 + 10 mm Hg; p <0.001). Left ventricula 
systolic and end-diastolic pressures did not change _ 
significantly after injection of diluted contrast me- 
dium, and patients had no discomfort. Thus, digita 
subtraction angiography permits the performance 
of left ventriculography with markedly reduced _ 
doses of contrast medium, obviating the hemody- 
namic effects resulting from injection of conventional _ 
doses of contrast medium. This new approach to left. 
ventriculography provides high resolution ventric 
ulograms for accurate measurement of left ven 
tricular volumes, stroke volume, and ejection frac 
tion. i o 



























effect of contrast medium,* to the effect of a sudde: 
increase in left ventricular volume caused by powe 
injection,” and to peripheral vasodilation and sece 
reflex responses resulting from the hypertonic 
contrast medium.® In studies in animals, intras 

ular injections of cortrast medium cause an acu 
crease in left ventricular volumes,’® but the eff 
contrast injections on ventricular volumes in patie 
is controversial. Finally, the nephrotoxicity res 


























contrast injections for ventriculographic assessm 
the effect of therapeutic interventions on left ve 








igital subtraction angiography! markedly en- 

ine contrast signal, permitting the per- 

ce of left ventriculography after intravenous 

tion of conventional doses of contrast medium. We 

e found that the contrast enhancement afforded by 

igital subtraction angiography permits the perfor- 

iance of left ventriculography with very low doses of 

trast medium when injected directly into the left 

itricle. This method obviates the hemodynamic al- 

ns resulting from intraventricular injection of 

tional doses of contrast material. The present 

, designed to validate the accuracy of digital 

triculography for measurement of left ventric- 

volumes and regional wall contraction in compar- 

with conventional left ventriculography, and to 

e the hemodynamic effects resulting from low- 

and conventional-dose intraventricular contrast 
jection. 


Methods 


'atient přoteöl: Digital and conventional left ventricu- 

hy was performed at the time of routine cardiac cath- 

ion in 28 patients, 16 men and 12 women with a mean 

5 years (range 19 to 74). Sixteen patients had coronary 

ry disease, 6 had valvular heart disease, 4 had congestive 

diomyopathy, and 2 had normal coronary arteriograms. 

formed consent for digital ventriculography was obtained 

m each patient according toa protocol approved by the 

nstitutional Review Board of the Columbia-Presbyterian 
dical Center. 

Each patient underwent digital left ventriculography per- 

ed with diluted (14%) contrast medium and conventional 

ft ventriculography with undiluted contrast medium. Left 

ntricular pressures were recorded before and after each 

iculogram: Identical volumes ‘(45 ml) and delivery rates 

l/s) were úsed for both diluted and undiluted contrast 

ions to permit direct comparison of hemodynamic ef- 


stom specifications: The x-ray system consisted of a 
ilips modular generator, an SRN 10/80 x-ray tube, and a 
nodal (6, 10, 14 in) cesium iodide image intensifier mounted 
Poly diagnost A-!™ arm and scanned with a Plumbicon 
deo tube. A prototype Philips Digital Vascular Imaging 
stem, which has.a 512 X 512 pixel matrix, an 8 bit A/D 
verter, and 12 bit memory word depth logarithmically 
fied and digitized the video signal. During a continuous 
ond exposure, 30 video frames/s were processed and 
red on magnetic tape. For frame-by-frame analysis, the 
tized images were simultaneously acquired on a 300 track 
order, which sampled 1 frame in 3. Subtracted digital 
lograms were simultaneously displayed on the tele- 
onitor during contrast injection, permitting imme- 
ssment of the adequacy of the study. 
eft ventriculography: Single-plane digital left 
grams were recorded in a 30° to 35° right anterior 
rojection during power injection of diluted contrast 
aterial through 7 French pigtail catheters positioned in the 
eft ventricular cavity. Seven ml of sodium meglumine dia- 
oate (Renografin® 76) was diluted in 43 ml of normal saline 
mixed thoroughly in the injection syringe of the 
ector, and injected at a rate of 15 ml/s for 3 seconds. 
ection was not ‘electrocardiographically synchronized 
iastole. The concentration of diluted contrast 


used (14%) was found optimal for the adjusted en- 


hancement levels of the digital video system used in this study. 
Lower concentrations (10%) provided inadequate opacifi 
tion, and higher concentrations (20%) resulted in exce 
opacification. 

The kVp (55 to 60 range) and mA (100) were first adjus 
on preliminary exposures of 80 ms. An initial digitized image, 
or mask frame, was recorded in the continuous mode over 320 
ms during held. inspiration. Immediately afterwards, t! 
digital left ventriculogram was recorded in the same mode, 
the contrast injection was delayed until 1 nonopacified cai 
cycle was recorded. During the contrast injection, fully 
tracted and enhanced images were continuously display 
6 seconds at 30 frames/s. = 

The digitized subtracted images were then tepláye 
the disc frame by frame, and the frames showing end-diasto 
and end-systole were selected visually from the first fully 
opacified cardiac cycle: Cycles with premature contractions 
and postectopic cycles were excluded. Postprocessing wa 
done in the serial mode with dual video sereens to furth 
enhance image quality. The end-systolic image from the 
opacified cardiac cycle was displayed on 1 video screen, and 
the frames of the nonopacified cardiac cycle, recorded just 
before contrast injection, were displayed on the second video 
screen. The frames from the:nonopacified cardiac cycle were 
subtracted sequentially frame by frame from the end-systo: 
opacified image until the corresponding end-systolic ima; 
was located, which resulted in the least misregistration. 
second order subtraction image was then stored in compu 
memory, and the enhancement level adjusted appropriate 
for recording the image on radiographic film. This procedu 
was repeated for selecting and enhancing the end-diasto! 
image. The end-diastolic and end-systolic frames were | 
corded on single emulsion Kodak MR-1 film (8 x 10 in) wi 
a multiformat video camera system (Matrix Instruments 
a spatial reference, a 1 cm crosshatched radiopaque grid 
positioned at the level of the left ventricle and recorded on the 
magnetic disc in serial mode. This digital grid image was 
transferred to computer memory and recorded on 8 x 10 
film. 

Conventional left ventriculography: Conventional 
contrast ventriculograms were recorded 10 minutes after th 
digital left ventriculograms in the identical right anterio: 
oblique projection without altering the patient’s position o 
the height of the image intensifier or the angiographic table. 
During held inspiration, 45 ml of undiluted sodium meglumine 
diatrizoate was power-injected through the 7 French pig 
catheter at a rate of 15 ml/s. The ventriculogram was record 
on 35 mm cineangiographic film at 32 frames/s using 
10-inch field size of the image intensifier. Following ventri 
ulography, the radiopaque crosshatched 1 cm grid was 
corded at the level of the left ventricle as a spatial reference 
End-diastolic and end-systolic cineangiographic frames w 
selected by the same criteria used for digital ventriculog 
raphy. 

Left ventricular analysis: Left ventricular silhouettes 
end-diastole and end-systole were traced manually from | 
digital and cineangiographic ventriculograms using a co 
puter-assisted light pen. The long axis of the left ventricl 
measured as the longest straight line from the apex to t 
midpoint of the aortic valve. End-diastolic and end-systo: 
volumes were calculated using the singlé-plane, area-lengt, 
method of Sandler and Dodge.!? Digital and conventiona 
ventriculograms were analyzed separately by a blinded 
vestigator, who was unaware of the results of each ventric 
lographic analysis. 

Segmental left ventricular contraction patterns were an: 
ee uns e by the method of Herman et al. ' 
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long axis of the ventricular silhouettes was quadrisected, and 
percent shortening from end-diastole to end-systole was cal- 
culated for the following transverse hemiaxes: anterobasal, 
anterolateral, apical, diaphragmatic, and posterobasal. In 
addition, percent shortening of the long axis was calcu- 
lated. 

Hemodynamic measurements: Left ventricular pressures 
were measured through fluid-filled 7 French pigtail catheters 
inserted percutaneously into the femoral artery. Pressures 
were recorded on a switched-beam oscilloscopic recorder using 
Statham P23Db pressure transducers positioned to a zero level 
5 cm below the sternal angle. Left ventricular systolic and 
end-diastolic pressures were recorded immediately before 
each digital and conventional left ventriculogram. Twenty to 
30 seconds after each ventriculogram, pressure measurements 
were repeated after the catheter was flushed with heparinized 
saline solution. Left ventricular systolic pressure was calcu- 
lated as the peak systolic pressure averaged over 10 seconds. 
The end-diastolic pressure was determined as the mean of the 
diastolic pressure coinciding with the R wave, averaged over 
10 seconds. 

Statistical analysis: Correlations between ventriculo- 
graphic measurements were tested by linear regression.15 
Differences between hemodynamic variables measured before 
and after contrast injections were evaluated by Student’s 
paired t test.16 


Results 


Digital left ventriculography: Digital subtraction 
left ventriculograms, displayed in real time from mag- 
netic tape at 30 frames/s, appeared qualitatively iden- 
tical to cineangiographic left ventriculograms. Repre- 
sentative end-diastolic and end-systolic digitized images 
of the left ventricle, resulting after second-order mask 
subtraction, are shown in Figure 1, compared with 
end-diastolic and end-systolic frames of the conven- 
tional cineangiographic left ventriculogram recorded 
in the same patient. The cavity of the left ventricle is as 
well opacified on the digitized ventriculogram as on the 
conventional ventriculogram, and the margins of the left 
ventricle are seen equally well. Second-order mask 
subtraction enhanced image quality and contrast den- 
sity considerably. 

Left ventricular volumes: Left ventricular angio- 
graphic end-diastolic volumes ranged from 58 to 359 ml, 
and end-systolic volumes ranged from 22 to 305 ml. The 
mean end-diastolic volume calculated from digital left 
ventriculograms (160.6 + 89 ml) did not differ signifi- 
cantly from the mean end-diastolic volume calculated 
by conventional left ventriculography (152.5 + 90 ml). 





FIGURE 1. End-diastolic (top left) and end-systolic (top right) frames of a representative digital left ventriculogram recorded during intraventricular 
injection of diluted contrast medium. End-diastolic (bottom left) and end-systolic (bottom right) frames of the conventional cineangiogram of the 


left ventricle recorded in the same patient. 
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Correlation for left Jentrioular end-diastolic volumes cal- 
ed from digital and conventional left p datas 


ly, mean end-systolic. volies (71.3.4 75 versus 

68.1 + 70 ml), mean left ventricular stroke volumes (91.1 

48 versus 84.5 + 45 ml), and mean left ventricular 

tion fraction (61 + 18 versus 60 + 16%) calculated 

om digital and conventional left ventriculograms did 

t differ significantly. . 

Regression analysis of end-diastolic and end-systolic 
es calculated from digital (D) and conventional 
ventriculograms i is presented in Figures 2 and 3. 

regression equation relating end-diastolic volumes 
IDVp = 0.95 EDV, + 15.3 ml (r = 0.97, SEE 23.4 
dicating a close. linear correlation. For end-sys- 
olumes, the regression equation was ESVp = 0.97 
+ 1.06 (r = 0.97, SEE 15.4 ml). 
gression analysis of left ventricular stroke volume 

id jection fraction.is presented in Figures 4 and 5. 
egression equation relating stroke volumes cal- 

ted from digital and conventional left ventriculo- 

ams was SVp = 1.03 SV, + 3.8 ml (r = 0.95, SEE 14.7 
he regression equation relating left ventricular 

an was EFp = 1 09 EF, — 4.5% (r = 0.97, 
8 


eproducibility of ventricular volume measure- 
vas determined for conventional and digital 
lograms by repeating ventriculographic anal- 
a subset of 14 patients. The following correla- 
fficients resulted from repeated analysis of 
ventional ventriculograms: EDV 0.98, ESV 0.99, SV 
97, and EF 0.97. For repeated analysis of digital ven- 
iculograms, the following correlation coefficients re- 
) : EDV 0.98, ESV 0.95, SV 0.97, and EF 0.99. 
ional left ventricular wall motion: The per- 
rdal shortening values for 140 hemiaxes and the 


surements of long-axis. shortening calculated 
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from digital left ventriculograms and conventi 
ventriculograms are compared in Figure 6. The co: 
lation coefficient (r = 0.81) and SEE (411.5%) ind 
a moderate correlation. Correlation coefficients fo 
dividual hemiaxes were as follows: anterobasal 
0.72), anterolateral (r = 0.77), apical (r = 0. a 
phragmatic: (r = 0.76), posterobasal t= 

lop xis shortening (r= = 0, T76). ae 
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Hemodynamic changes: After injection of undiluted > ography facilities, ) 
contrast medium for conventional ventriculography, -be performed in different projections with low total 
mean systolic left ventricular pressure decreased from doses of contrast medium and minimal patient dis- 
133.0 + 31 to 123.5 + 27 mm Hg (p <0. 01) and mean left comfort. 
ventricular end-diastolic pressure increased from 12.0 Other investigators have recently described digital 

£7 to 16.9 + 10 mm Hg (p <0.001). After injection of left ventriculography performed with 5 to 10 ml of un- 
_ diluted contrast medium for digital ventriculography, diluted contrast medium injected into the left ventricle 
mean systolic left ventricular pressure (133.6 + 28 ver- over 1 or 2 seconds.”°,?! In our experience, rapid injec- 
sus 131.2 + 28 mm Hg) and left ventricular end-diastolic tion of small doses of undiluted contrast medium results 


pressure (13.0 + 8 versus 13.3 + 8 mm Hg) were not in incomplete opacification of the left ventricular cavity. 

nificantly changed. Heart rate and peak left ven- due to inadequate mixing. We found that dilution of the 
tricular dP/dt were not changed significantly after ei- contrast medium with saline solution permitted i injec- 
ther conventional or digital left ventriculography. tion of larger volumes over a longer period and resulted 


Fifteen of the patients experienced a warm flushed in full opacification of the ventricle for several cardiac 
sensation after injection of undiluted contrast medium. cycles. The quality of the resulting left ventriculograms 
Only 1 of the patients had any discomfort after injection was excellent, and measurements of end-diastolic vol- 
of diluted contrast medium. Isolated ventricular pre- umie, end-systolic volume, stroke volume, and ejection: 
mature contractions occurred in 4 patients during in- fraction correlated highly with values measured by 

_ jection of undiluted contrast medium and in 3 patients conventional contrast left ventriculography. 
during injection of diluted contrast medium. Two pa- A disadvantage of the prototype digital video system. 
tients with congestive cardiomyopathy tolerated low- used in the present study, however, is the limited re- 
dose diluted contrast injections well but developed cording capacity of the magnetic disc. Although digital 
pulmonary edema after full-dose injections of undiluted frames were acquired and displayed in a cineangiogra- 
contrast medium. phic format at 30 frames/s on magnetic tape, the disc 


recorder used for selecting end-systolic and end-dia- 
















l Discussion stolic frames was capable of recording only 1 frame in 
_~ Digital subtraction angiography enhances contrast 3. Hence, the effective frame rate was 10/s. Frame rates. 
_ density by a factor >8," enabling the performance of of this magnitude are marginally adequate for mea- 
angiography with markedly reduced doses of contrast suring left ventricular volumes”? but are inadequate for. 
medium. The present study demonstrates that digital accurately measuring segmental left ventricular con- 
subtraction angiography permits the performance of traction. This limitation is the most probable explana- 
contrast left ventriculography with very low doses of tion for the moderate correlation observed between 
contrast medium. This new approach to left ventricu- segmental left ventricular contraction assessed by dig- 
ography provides high resolution ventriculograms for ital ventriculography and conventional ventricular 


accurate measurement of left ventricular volumes, 
stroke volume, and ejection fraction. 

<: Low-dose contrast ventriculography has several ad- 
vantages. First, as shown in the present study, low-dose IDO 
intraventricular contrast injections do not cause the 








| 
hemodynamic disturbances which result from injection = 90 
of conventional doses of contrast material: Second, a 
low-dose contrast injections should obviate the risk of oe oN 
nephrotoxicity associated with larger doses. Third, =S AET 
patients do not experience any discomfort during low- 5S 
dose injections. Fourth, since the data are in digital z 5 eot 
form, digitized images can be readily analyzed by EG 
computer, facilitating videodensitometric quantifica- ő E sò 
ion of ventricular function. This approach may enable = z 
measurement of left ventricular ejection fraction in- FE r 
dependent of geometric assumptions. !7 ure ok 
On the basis of these considerations, digital left aa con = 
ntriculography with diluted contrast medium is a 20 0.97 
suitable for serial ventriculography for assessment of 5 
the effect of therapeutic interventions on left ventricular QO 10r 
unction, The low doses of contrast medium made 





possible by digital left ventriculography are clinically Coe 2030 a0 50 60 70 80 “90 oo 


vantageous in patients with severe congestive heart L EJECTION FRACTION (%) = 
lure, impaired liver function, diabetes, or renal in- CONVENTION AL LEFT VENTRICULOGRA 














ufficiency, who tolerate multiple contrast injections _ 
oorly. 1819. Digital left ventriculography will be useful o 
n catheterization laboratories without b plane angi- a 










lOr - ; 

a o Oen ANTEROBASAL © 

5 O'ANTEROLATERAL: 
90 a APICAL 


2 DIAPHRAGMATIC 
SPOSTEROBASAL 


8or DLONG AXIS SHORTENING 


DIGITAL LEFT VENTRICULOGRAPHY — 
SEGMENTAL WALL MOTION 
(% CHORDAL SHORTENING) = 





YP OBBKE 4.29 
SEEZILSY 
£0.81 





. a 





30 


40 50 60 


(% CHORDAL SHORTENING) 
SEGMENTAL WALL MOTION 


CONTRAST LEFT VENTRICULOGRAPHY 


FIGURE 6. Percent chordal shortening for 5 left ventricular hemiaxes and the long axis of the left ventricle, megoured!: from digital and convent onal 


ft venticulograms. 


raphy. Real-time video. discs are available which are 

capable of acquiring 30 frames/s. Use of these discs will 

improve the accuracy of quantification of segmental left 
tricular contraction by digital ventriculography. 

One advantage of the digital video processor used in 

esent study i is that it produces fully processed, 

subtracted images immediately available for 

ing and for recording on radiographic film. The 

ability for second-order subtraction of individual 

s from the nonopacified cardiac cycle recorded 

before contrast injection was found to enhance 

ast density and image quality considerably. Fur- 

hermore, geometric distortion at the borders of the 

copic field is eliminated with the present system 

e curvature of the output fiberoptics of the image 

sifier. This digital subtraction system will have 

useful applications in cardiovascular angiography, 

arly for aortography with small doses of contrast 

njected selectively. — 

ect of intraventricular contrast injections on 

racy of angiographic measurements of left 

‘volumes is controversial. Studies in animal 

have shown that end-diastolic and end-systolic 

are increased immediately after intraventric- 

ontrast injections.” In patients undergoing con- 

entriculography, Carleton’ reported a sig- 

diastolic volume by: the third 


pone set equentially a after con- : 


trast injection. To measure left ventricular volum: 
patients without injection of contrast medium, Vine 
al?4 introduced a method for calculating left ventricul: 
volumes radiographically from metallic epicard 
markers implanted during coronary artery surger 
Using this approach, they found that ventricular v: 
umes were not affected by injection of contrast medi 
through the sixth beat. 

The high correlations observed in the present stuc 
for ventricular volumes measured during the high- an 
low-dose contrast injections support the conclusion 
Vine et al.24 There was no evidence in the present stud 
that injection of conventional doses of contrast medi 
significantly altered left ventricular volumes. | 
thermore, the changes in left ventricular pressu 
caused by injection of standard doses of contrast mi 
dium were measured 20 to 30 seconds after comple 
of ventriculography, and thus would be unlikely 1 to 
fluence volume measurements. 
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teractions between an ultrasonic ‘signal and car- 
c tissue have been used to characterize the 
logic state of myocardium in vitro. To assess 
tility of in vivo ultrasonic tissue characteriza- 

ion, stochastic analysis was applied to the digitized 
rdiographic signals from 15 patients with 
iensional echocardiograms suggesting intra- 
cardiac masses. Ten subjects with echocardiograms 
gesting mural thrombi underwent subsequent 
gery or necropsy, which confirmed thrombi in 6 
nd revealed no thrombi (designated artifact) in 4. 


e other patients had intracardiac tumors. The 


> role of achincandiogapky in cardiac diagnosis 
tinues to evolve as the technology and our under- 
iding of the properties of ultrasound increase. Cur- 
clinical use of echocardiography relies mostly on 
ges or patterns of motion formed by signals reflected 
sue surfaces. Although gray-scale ultrasonography 
des visual “texture” to the tissue encompassed by 
rfaces, the signal from the intervening tissue is 
sually not analyzed quantitatively. However, the in- 
actions between internal tissue components and an 
nic signal can be analyzed to characterize ithe 
istologic state of normal and diseased organs,! as 
dies of the breast, liver,4° and eye® have demon- 
ed. In vitro studies of cardiac muscle have been 
d,’-11 but in vivo characterization of human 
issue in a clinical setting is only beginning.” 
idertook the present study to assess the ability of 
) ultrasonic tissue characterization to differentiate 
itracardiac masses of varying histologic types and to 
iminate common sources of error in their diagnosis. 
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amplitudes within the digitized ‘plirasonie signa 
were displayed as histograms, which were 
scribed by a parameter k that represented the d 
gree to which each histogram departed from a t 
tally random probability density function. In 5 of 
thrombi, k = 0, but in all 4 artifacts, k >0. The sixth 
thrombus had k = 0.5 due to the specular effe: 
the interface between the thrombus’ 2 lobes. 
tumors had k >0. Ultrasonic tissue characteriza 
using a stochastic analysis of backscatter car 
performed in vivo and helps differentiate thr ; 
from artifact and tumor in the heart. 


“Methods - 


We attempted ultrasonic tissue characterination | in n 22 pa 
tients with clinical, 2-dimensional echocardiographic evidence 
of intracardiac thrombi. We excluded 12 subjects because o 
the lack of subsequent surgery or necropsy in 8 and inabilit: 
to obtain sufficient data for tissue characterization in 4, The 
remaining subjects, who had technically adequate charac 
terization studies. and underwent cardiotomy or necro 
within days of tissue characterization, were included in | 
study. The decision to operate was made on clinical groun 
independent of echocardiographic findings. The subjects 
whom no thrombus was found on anatomic examination w 
believed to have spurious echoes (technical artifact) causin 
suspicious echocardiographic images. Seven subjects had hac 
myocardial infarction with ventricular aneurysm, 2 had con 
gestive cardiomyopathy, and 1 had mitral stenosis 
suspected left atrial thrombus. We also performed 
ultrasonic tissue characterization in 5 additional consecut: 
patients with echocardiographic evidence of left atrial tu 
Four of these subjects later underwent surgery; the fifth 
fused operation. One patient with an atrial tumor confir 
at surgery had coexistent mitral stenosis. Preoperatively, 
atrial mass could not be distinguished from thrombus 
clinical or echocardiogtaphic means. 

Two-dimensional echocardiograms were obtained. from 
commercially available sector scanners (V-3000, Varian As 
sociates, Palo. Alto, California; 77020A, Hewlett-Packa 
Andover, Massachusetts) with focused, 2. 25 MHz. transd 


¿Coupled toa h spe on / 
region of the suspected thrombus or tumor was magedi th 
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‘apical 4-chamber or parasternal long- or short-axis projec- 
tions,’ and. the M-mode cursor was directed through the 
suspected mass (Fig. 2). The unprocessed radiofrequency (rf) 
signal from the cursor-selected scan line was sampled at 20 
MHz and digitized with a Biomation 8100 Transient Recorder 
_under minicomputer control (Z-2, Cromemco, Mountain View, 
California). The signal was sampled for 40 pulses, with each 
sample requiring less than 1.2 ms and containing 500 to 1,000 
ata points. The data were transferred toa large, slow-speed 
uffer, where they were stored until processed off-line by a 
computer (2100-A, Hewlett Packard; Palo Alto, California). 
‘he unprocessed rf signal was displayed as amplitude. versus 
issue depth, as in Figure 2. The operator selected the depth 
orresponding to the anatomic region of interest, and the 
omputer derived a histogram representing the distribution 
f component amplitudes of the digitized signal from that 
egion. Each amplitude distribution was described by a pa- 
‘ameter k, corresponding to the degree.to which the histogram 
eparted fromi the probability density function expected from 
collection of small, random, independent scatterers. Thus, 
andom array of scatterers reflects a signal with an ampli- 
ude histogram described by k = 0, whereas an array of scat- 
rers with nonrandom or correlated amplitudes is charac- 
erized by k >0.14 (see Appendix.) We attempted to differ- 
tiate thrombus from tumor and artifact on the basis of the 
amplitude histograms of their. backscattered signals. We 
eled thrombus as a random array of small, statistically 
ependent scatterers. Tumor and artifact were modeled as 
andom, independent, small scatterers mixed with nonran- 
, correlated scatterers, . 


Resuits 


Direct visual examination of the heart at operation 
ifirmed the presence of intracardiac thrombi in 6 of 
he 10 subjects with suspected thrombi and revealed no 
hrombus in the other 4. Thrombi were located in apical 
eft ventricular aneurysms in 3 patients, i in. apical re- 



















ions of myopathic hearts in 2, and i in a posterobasal 











































FIGURE 1. Diagram of data acquisition and analysis, The 
physician obtains the subject's echocardiogram, and the . 
computer operator controls data sampling. The unpro-. 
cessed signal is stored'on tape and transferred to com- 
... puter, where amplitude histograms and probability density: 
functions are derived off-line. 2D = 2-dimensional; rf = = 
radiofrequency. 


valve, was located in the left-atrium. The 4 subjects with 
echocardiographic evidence of left atrial tumor who 
underwent.surgery were found to have myxomas. _ ] 

Figures 2 through 4 show data obtained by in vi o 
tissue characterization of 3 suspected intracardi 
masses. Figure 2 is a composite of data from a patie 
with a left ventricular thrombus. The cursor passes 
through the thrombus indicating the scan line that 
contains the unprocessed rf signal that is sampled. The 
portion of the signal reflected from the region of interest 
is digitized and displayed as a histogram of the com- 
ponent amplitudes of the backscattered signal. The. 
amplitude histogram of thrombus fits a probability 
density function with k = 0, implying a randomly 
spaced; independent collection of scatterers. In. contra > 
Figure 3 depicts data obtained from a subject witt 
similar-appearing intracavitary image on 2-dimensi 
study, but. backscatter amplitude analysis revealed 
>0, suggesting that there is a nonrandom, noninde 
pendent component to the scatterer architecture. The 
subject had no thrombus at surgery, and the image was 
classified as artifact. Figure 4 shows data obtained from 
a subject with a left atrial myxoma. Tissue character- 





















TABLEI Summary of Data" 





Thrombus Myxoma 
Subject k. Subject 














January 1, 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 °233 





FIGURE 2. Composite of data obtained from a patient with an apical left ventricular thrombus confirmed at necropsy. The left panel shows a 2- 
dimensional echocardiographic image in the apical 4~-chamber projection. The M-mode cursor passes through the thrombus (arrows), identifying 
the scan line from which the ultrasonic signal is sampled. The upper right panel is the 12th of 40 unprocessed signal samples and consists of 800 
data points. Signal amplitude is represented on the ordinate and tissue depth on the abscissa. The operator-determined region of interest is enclosed 
by 2 vertical lines. The lower right panel depicts a histogram representing the number of occurrences (ordinate) of the digitized component amplitudes 
(abscissa) of the signal from the region of interest. A theoretical probability density function, derived from the mean amplitude and variance of 
the signal, is superimposed on the histogram. The histogram is described by k = 0, suggesting a random, independent collection of small scatterers. 
AMP = amplitude; LA = left atrium; LV = left ventricle; OCC = number of occurrences of digitized component amplitude; RA = right atrium; rf 
= radiofrequency; RV = right ventricle. 


FIGURE 3. Composite of data from a 
subject with an apical image similar to 
that seen in Figure 2. The left panel 
shows the 2-dimensional display, with 
the suspected mass identified by ar- 
HISTOGRAM 3206 oE rows. The upper right panel depicts the 
} unprocessed radiofrequency signal. 
fl The lower right panel represents the 
T histogram and probability density 
f J| function derived from the component 
i amplitudes of the signal. The probability 
density function suggests a correlated 
component within the signal (k = 2.0). 
This subject had no thrombus at surgery 
and the apical echoes represented ar- 
tifact. Abbreviations as in Figure 2. 





FIGURE 4. Composite of data from a 
subject with a left atrial myxoma. The 
left panel shows a parasternal long-axis 
2-dimensional echocardiographic 
image. The M-mode cursor passes 
through the mass (arrows) in the left 
atrium. The upper and lower right 
panels depict data from the unpro- 
cessed and digitized radiofrequency 
signal, as in Figure 2. The probability 
density function (k = 0) suggests a 
correlated component within the signal. 
AO = aortic root; other abbreviations 
as in Figure 2. 














































ment with k >0, 

Data for the entire study group are auirmmarized i in 
Table I. Five of the 6 patients with thrombi had prob- 
ability density functions with k = 0. One patient who 
"had k = 0.5 had a small, bilobed thrombus, and the in- 
terface between lobes resulted in a backscattered signal 
with nonrandom characteristics. All subjects with ar- 
ifact or myxoma had amplitude probability density 
unctions with k >0. Although k is a continuous vari- 
ble, it is rounded to increments of 0.5 in Table I. 


Discussion 


Tnitial applications of cardiac ultrasound were limited 
_to descriptive identification of normal and pathologic 
ardiac structures and their motion. Subsequently, 
quantitative echocardiographic applications, such as 
termination of chamber size and wall thickness, were 
developed. Most standard ultrasonic techniques use 
pecular reflections from interfaces having different 
acoustic impedance, with little emphasis on the tissue 





between an ultrasonic beam and tissue is dependent on 
he tissue’s physical properties and can result in a 
characteristic ultrasonic “signature” that varies with 
he histopathologic state of the tissue. 
Although attempts at characterizing tissue histology 
_ on the basis of an ultrasonic examination date back at 
-least to 1952,2 quantitative ultrasonic tissue charac- 
_ terization still remains primarily a research tool. Ul- 
rasonographers and engineers continue to explore the 
ways in which tissue components alter an ultrasonic 
ignal. There is no consensus as to the optimal way to 
_ identify and quantitate the interactions between tissue 
and ultrasound. The interactions most extensively in- 
estigated include attenuation of the signal as it passes 
hrough tissue!® and backscattering of the signal as it 
s reflected from multiple tissue components or scat- 
erers.'6-18 As an ultrasonic wave propagates through 
medium, its energy may be attenuated or absorbed by 
the medium. Different biologic tissues attenuate sound 
to distinct and different degrees,!> which may vary with 
the health of the tissue. For example, in vitro animal 
xperiments demonstrated that early ischemic myo- 
cardial injury decreased ultrasonic attenuation whereas 
ttenuation was increased late after injury.” The early 
ecrease in attenuation may result from tissue edema, 
t the late increase appears to result from increased 
lagen content of the infarcted myocardium.!° How- 
er, application of such attenuation measurements to 
living human subject is limited. To assess attenuation, 
e ultrasonic signal must be measured after it has 
yassed through the organ, Current echocardiographic 
chnology has not developed to the point where this 
can be done easily in the human subject. The study of 
‘eflected or backscattered ultrasound is more amenable 
© current clinical ultrasonic instruments which are 
ngineered to receive a reflected signal returning from 











and distribution of collagen. 





zation suggests a a nouindepondeat scattering arrange- a 


enclosed by such interfaces. However, the interaction ` 


he organ studied. In vitro studies of human liver tissue 
how that, as in the case of attenuation, 1 the quantity a 





infliganies ihe energy of sound reflected: back: to o the 
transducer.!’ Other in vitro studies showed that myo- 
cardial infarction? and adriamycin-induced myocardial 
damage!! increase the amount of ultrasonic backscatter. 

This increase in backscatter presumably represents the 

effect of increased collagen deposition in the involved: 
areas. The ability to identify normal and abnormal 
noncardiac tissue structure has been demonstrated in 
vivo. Wells et alt noted increased echocardiographic 
amplitude reflected from a cirrhotic liver as opposed to: 
a normal liver.4 Sommer et al,® using a stochastic ap- 
proach similar to ours, also noted increased amplitude 

of echoes reflected from the cirrhotic liver. Furthermore, 
the amplitude distribution of the cirrhotic liver was 

broader than normal, reflecting heterogeneity of hepatic 
structure in cirrhosis. In the same report, the investi- 
gators differentiated the spleen involved with advanced 
lymphoma. and the liver with malignant. infiltration 
from the normal spleen and liver. As in cirrhosis, the 
amplitude and variance of the signal from diseased or- 
gans were consistently greater than normal. Despite 
these exciting preliminary results, ultrasonic. tissue. 
characterization has found little clinical use to date,. 
primarily because of difficulties in acquiring data and 

in applying appropriate mathematical models to in vivo: 
clinical situations. f 

We undertook the present study to assess the feasi- : 
bility of applying ultrasonic tissue characterization to 
human subjects in vivo to assist in the differentiation. 
of intracardiac masses. Two of the most commonly en- 
countered intracardiac masses are mural thrombi and 
atrial myxomas. Intracardiac thrombi may complicate. 
myocardial infarction,!99 congestive cardiomyopa- 
thy,2! and mitral valve disease.22 The availability of 

2-dimensional echocardiography may lead to improved 
antemortem diagnosis of intracardiac thrombi,?3-25 but 
pitfalls remain in attempting to make the correct di- 
agnosis.?425 Normal or diseased intracavitary structures. 
such as papillary muscles, intramural, or intracavitary 
calcifications or myocardial scar may be confused with | 
thrombi.*4:25 Specular reflectors may be located in the | 
region of interest or erroneously displayed in the image 
field because of beam geometry effects.” Spurious 
echoes, possibly representing reverberation from the 
transducer or from chest wall structures, appear in the 
near field of many imaging systems. These images may 
appear visually similar to thrombus. Although the 
classic, large, layered mural thrombus is easily distin- 
guished from other structures and. artifact, 
abnormalities are more difficult to assess, espe 
patients who cannot be imaged from multiple 
ducer positions. 

Atrial myxomas usually have distinct echocar ios. 
graphic features,?™-29 yet their clinical presentation ı may | 
be similar to that of intracardiac thrombi, with systemic 
emboli being manifestations of either.3 Furthermore, 
neoplasm may be echocardiographically indistin- 
guishable from thrombus,” especially when the tumor 
is associated with another cardiac disease, as in our 
patient. with coexistent mitral stenosis. Similarly, a 
pedunculated thrombus may be indistinguishable from : 
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; ide an objectiva n means sof f differentiating i in- 
rdiac thrombi from commonly encountered arti- 
and tumors, we applied a stochastic approach to 


ee is ‘the sum oft the echoes yi scatterers contained 
ithin a given sample volume. Some tissues may be 

odeled as a great number of individual scatterers of 

jall cross-sectional area relative to the ultrasonic 

igth. These small scatterers represent random 

„and the amplitude of the signal reflected from 

atterer is statistically independent of the signals 

ted from all other scatterers. Therefore, the dis- 


proximate the probability density function expected 
om an array of random, independent scatterers.!4 The 
mponents of thrombus, an interlacing network of fi- 
, platelets, erythrocytes, and leukocytes,” are small 
id arranged homogeneously relative to our scanner’s 
asonic wavelength. Thus, thrombus fits the model 
any small scatterers randomly spaced in the sample 
e, and the component amplitudes of an ultrasonic 
gnal reflected from thrombus should be distributed 
the appropriate probability density function. Con- 
y; myxomas are composed of cells, strands of 
agen and elastin, foci of calcium, islands of extra- 
edullary hematopoieses, and cystic spaces, resulting 
in multiple acoustic interfaces that are large relative to 
e ultrasonic wavelength. The signals returned from 
arious parts of these large reflectors are correlated to 
degree and therefore do not fit a totally random, in- 
pendent probability density function.!4 Similarly, 
near field and beam geometry artifacts do not represent 
small, independent scatterers distributed throughout 
the sample volume. They result from specular, inhom- 
eneous reflectors and therefore do not manifest a 
tally random probability density function. 
By using stochastic analysis of the amplitudes of the 
ckscattered signals, we noninvasively differentiated 
rrombus from artifact and myxoma. In 5 of our 6 pa- 
ents with anatomically proven thrombi, the histo- 
‘ams of backscattered amplitudes approximated 
andom probability density functions, whereas all ar- 
fact and myxoma studies demonstrated noninde- 
sndent components in their functions. Only 1 patient 
th thrombus departed from the expected random 
robability density function. This patient had a bilobed 
ymbus, and because the individual lobes were too 
r accurate analysis, we included the entire bi- 
iructure in the sample volume. The interface 
he lobes created a relatively large, specular 
or, resulting in k = 0.5. Although the result is not 
would be predicted for typical thrombus, this 
finding is consistent with the modeled effect of an 
acoustic interface of large cross-section and illustrates 
the importance of sampling from the internal structure, 
d not the surface, of the image being analyzed. 
ie distinction between mural thrombus and artifact 
yxoma is clinically important, because the man- 
t and prognosis of each ; are different. However, 
benefit of this stud hi 


demonstration that 
rization can n be per- 


formed reliably in vivo. This approach may allow dif. 
ferentiation of normal and pathologic cardiac structures 
and assist in identification of ischemic, infarcted, o 

myopathic myocardium. 

Problems remain in refining the techniques of ul 
trasonic tissue characterization. The parameter k ac 
curately separates random from nonrandom. amplit 
distributions. However, k does not differenti 
various types of nonrandom processes. Thus, we c 
not differentiate, on the basis of k alone, artifa 
myxoma. We expect thrombus with discrete calcifi 
tion to be a problem, but have not seen this problem 
far. Further refinement of our approach i is necess 
improve its ability to differentiate various nonrandon 
processes, Factors that alter the acoustic signal dt 
in vivo imaging include the effects of intervening ti 
on the incident and reflected signal, variations i 
angle of incidence of the interrogating beam, and 
diac motion.®9:!2.16.34 By obtaining large quantities 
data over a very brief time interval and analyzing them 
as a function of probability, the stochastic. approac 
minimizes, but does not eliminate, these prob 
lems. 11416 The effects of intervening tissue may resul 
in inaccuracy in more subtle efforts at tissue charac 
terization. The resolution of current instruments di 
tates a minimal target tissue thickness of 1 cm for sta 
tistically adequate data collection. For this reason, 
currently are unable to perform characterizati 
smaller structures, such as cardiac valves and s 
masses. An example of the limitation imposed by 
ple size is our patient with a bilobed thrombus. We n 
limit our clinical studies to structures large enough 
allow sampling within, but not including, tissue surfa 
to minimize the specular effects of these surfaces. 

We think it is important to digitize the rf signal befor 
it undergoes electronic processing. Video image pro 
cessing is used in commercial 2-dimensional echoc 
diography to produce a pleasing visual image. Howe 
the image modifications distort the informatio: 
tained by the interaction of the tissue with sound. Th 
degree. of change varies among patients: and instru: 
ments. By analyzing the signal before it is processed, W 
may be more able to evaluate the interaction of tissu 
with sound independent of manipulations by the ul 
trasonic apparatus.’ 16 

Our approach to in vivo cardiac tissue charaeteri 
tion uses analysis of the amplitude domain of a reflecte: 
ultrasonic signal. Analysis of the frequency domain als 
conveys information about tissue structure. Bi ol 
tissue consists of regularly arranged structural unit 
these repetitive units, such as the portal triads of norm 
liver, are on the order of the ultrasonic wavelength, th 
spacing can be measured by analyzing periodic | 
in the signal’s frequency spectrum.°-'4 The developmer 
of edema, cellular infiltration, or fibrosis may produc 
changes in tissue spacing and in frequency spectra 
peaks. Studies in lung,!8 breast,? liver, spleen,” and ey: 
have demonstrated the use of frequency domain an 
ysis in tissue characterization. Analysis in the frequen 
domain could be expected to have a similar role in cai 
diac tissue characterization. However, the structur 
unit of the heart, the myocardial fiber, is very sma 









































chocardiographic instruments.*> Transducers that 
mit higher frequency signals with wavelengths on the 
order of myocardial fiber size do not penetrate deeply 
into the adult chest.2° Therefore, we have not used 
frequency analysis in our in vivo studies. 

Our study population represents a selected group of 
atients with a specific clinical problem. Although such 
selection limits the general applicability of our findings, 
the selection process is beneficial, because it allows 
anatomic confirmation of the nature of the echocar- 
diographic signal in question. Our single subject who did 
yt undergo surgery or necropsy had an echocardio- 
raphic examination that was classic for myxoma, with 
attachment of the mass by a stalk to the interatrial 
septum. . 

In conclusion, we have shown that echocardiographic 
tissue characterization, applying a stochastic analysis 
of the component amplitudes of backscattered ultra- 
sound, can be performed in vivo. The technique pro- 
vides an exciting new approach to the diagnosis of se- 
lected intracardiac masses. 


_ garet Corazza for assistance in the preparation of this manu- 
script. 


Appendix 


‘The histogram is based on the distribution of amplitudes 
within the reflected signaland is described as fitting a Raleigh 
or non-Raleigh probability density function. An array of in- 
dependent scatterers would be expected to reflect a signal with 
a mean amplitude (a) and variance (o”) in the relation a? = 20? 
(Raleigh). However, if a nonindependent. component is in- 
cluded in the array of scatterers, then a? = g2 (2 + k2).4 
Therefore, if k = 0, the histogram would be distributed in a 
fashion resernbling a Raleigh probability density function. If 
_k 50, the histogram would resemble a non-Raleigh probability 
density function. The parameter k is defined as ‘S/o. In the 
modeling of abnormal tissue, S is a constant biasing phasor 

hich represents the effect of larger elastic variations or 
specular reflectors that lead to a lack of independent scat- 
tering. This effect is often superimposed on the homogeneous 
normal tissue pattern and provides the basis for our differ- 
tiation of various kinds of tissue. 
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JULIET 
“Wilt thou be gone’? It is not vel near day. 
Itwas the nightingale, and not the lark, 
That pierced the fearful hollow of thine ear. 
- Nightly she sings on yond pomegranai | tree. 
Believe me, love, it was the nighti ngae 


ROMEO 
~ [twas the lark, the herald of the morn; 
No nightingale. Look, love, what envious 


streaks 
Do lace the severing c louds | in yonder East, 
Night's candles are burnt out, and | jocund — 
day 
7 Stands tiptoe on the misty mountai in tops. 
-L must be gone and live, or sy and die. 


JULIET 
Yond light is not daylight; | know it, L 
itis some meteor that the sun exhales - 
To be to thee this night a torchbearer 
~ And light thee on thy way to Mantua. » 
Therefore stay yet; thou need st not tio be 
gone.” . 
-The Dialogue of Romeo and Juliet, Act "i, scene V. Ki 


-Another Dialog soon to appear— by Siemens. a 
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Consider the Risks 


» When selecting antihypertensive 
therapy, clinical consideration should 
__ begiven to the effects of the specific 
* drug on coronary risk factors. Blood 
_ pressure control should be achieved 
| without adversely affecting blood 
lipids. 


Peat Terre Minipress Effectively 
EPA =E Controls Hypertension 

=@ Without Adverse Effect 
on Blood Lipids! 


s Minipress effectively treats 
hypertension. Patients have benefited 
_ from the effectiveness of Minipress 
| in over 5 years of clinical use in this 
© country.!5 
_ » Minipress has been shown not to 
~ have an adverse effect on blood lipids, 
according to The Oslo Study and other 
i rts.©° Because Minipress lowers 
high blood pressure and does not 
produce lipid changes which are 
potentially atherogenic, it provides 
your patient with a net reduction in 
risk. 

tMinipress is not indicated for the 
treatment of hyperlipidemia. 
Please see Minipress brief summary on following page. 
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Me see cae 4 
NORTON: JINIPRESS }* (prazosin raal 
treatment of hypertension. As an antihypertensive drug, itis mild. to moderate 
in activity, it canbe used-as the: initial agent arit may be employed in a 
general-ireatment program in. conjunction with a diuretic and/or other 
a hing: wi as needed tor proper patient response. 

Rings: MINIPRESS Apr cy n hyároeniorida) mày may cause 


believed to ‘eee ‘due eS eee excessive Tatara affect, 
ne Fecal ne bys 


pleads has been 
tavara tachycardia with haart rates of 0-60 baat 
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ISTRATION). 
penan PRESS who are also 


occurs, the patient should be acad Ín n the recumbent ‘position 

ev md ina Supportively as necessary. This adverse effect is self-limiting and 
in most cases. does not recur after the initial period of therapy or during 
subsequent dose titration.. 

Patients: should pel be sted on-thet mg capsules: of. MINIPRESS 
eb hydrochloride). The 2 and 5 mg-capsules are not indicated for 
initial therapy. 

More common than'loss of consclousness are the symptoms olen 

“associated with lowering of the blood pressure, namely ‘dizziness and 
lightheadedness. The patient should be cautioned about. these possible 
adverse effects and advised what measures to take should they develop. The 
patient should also be cautioned to avoid situations where injury could result 
should Syncope occur during the initiation of MINIPRESS (prazosin 


hydrochloride) pera 

Usage in. Pregnency: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS -(prazosin Jusrochignide) in 
pregnancy has not been established. MINIPRESS (prazosin hydrachioride) is 
not recommended in pregnant women unless the potential beneti outweighs 

: potential risk to mother fetus. 

Children: No clinical experience is available with the use of 
MINIER ESS SS prazos in penon inchildren 
ADV The most common: reactions associated with 
ithe prazosin. hydrachtoride) therapy an, dizziness. 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%. 
palpitations 5. 3%, and nausea 4.9%. in most instances side effects have 
gisappeared with continued therapy of have been tolerated with fo decrease 
indose of drug. 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride}, some of them them farely. {in some. instances exact causal 
relationships have not been estab! 

oe nal: vomiting, diarrhea, V aslipatiot, abdominal discomfort 
and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia: 

Central Nervous System: nervousness, vertigo, depiession, paresthesia. 

Dermatologie: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, aby 

EENT: blurred vision, reddened sclera, mies tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis. 

Single reports of plomentary mottling and. serous  etnopathy, anda ad 
reports of cataract development or disappearance have been reported. in 
these instances, the exact causal relationship has: as heen established 
‘because the baseline observations were frequently inadeq 

in more specific. slit-lamp: and. funduscopic nadaa Which included 

wr adeguate ta baseline praminatiqns, no drug-related abnormal ophthalmological 
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ict (approx. 450 | pp.) yet comprehensive presentation of 
st techniques in-diaghosis and therapeutic interventions 
se to the primary care physician — 


‘meant to be used regularly, not read once and stored 
on a library shelf 


n Rheumatology which offer too little on a and 
nt and too much on-etiôlogy and mechanisms of disease 


research monograph filled with esoteric information of little 
} the practicing primary care physician 
icult to follow, badly organized reference tool requiring a 
‘ough knowledge of the subject matter before it can be us- 
effectively 
massive and verbose dissertation more useful as a door stop 
a clinical reference 


‘of no other book on rheumatic disease which covers 
ibject as exhaustively in terms of diagnosis and treatment 
ing wasting the busy practitioner’ a time by including 
ation of little interest to the primary care physician, This 
k emphasizes that information necessary to recognize basic 
se processes and their natural history. It provides the 
ith the information necessary for making a diagnosis 
ting a plan of treatment. Information on differential 
osis from the point of view of characteristics which would 
vith a given diagnosis is also provided. It is especially 
on the interpretation of rheumatologic radiology and in 
roach to joint examination and assessment of lab results. 
atic disease cannot be cured but proper intervention can 
ind sometimes eliminate the attendant disability. This 
rovides you with the means to diagnose, assess and 
for yourself the necessary intervention. 


m the Preface: 
than 15 million individuals in the United States suffer 
thritis, and there are only 3,000 physicians practicing 
heumatology. It is evident that the majority of patients receive 
g care from the nonrheumatologist,i.e., the internist, 
i titioner, pediatrician and other disciplines in 
cine. Therefore, we require concise and authoritative 
guidelines for the primary care physician. With this as 
Dr. Bruce Rothschild has skillfully structured a text 
particular and immediate needs of the practi- 
is an n important contribution to continuing 
| be of immediate in- 
ety of specialties and 


of our medical schools, We have long needed this type of ap- 
proach to primary care of patients with musculoskeletal dis 
and we are indebted to the author for his Ea 


Alfred Soffer, MD 
Chief Editor Archives of Internal Medicine 
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-In cardiac ultrasound, 
-İmage quality is critical. 


_ $0, forget our high-technology 
_ background, our long association 
with cardiology, 
our price, 
service, 
reliability, 
software upgrades, 
ease of use, 
FFT Doppler (at no extra cost), 
dependability, 
and computer power. 


Instead, do just one thing: 
-Compare our image for yourself... 
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Bu many patients with mored renal function are 
jlarly vulnerable because their condition may pre- 
spose them to a toxic accumulation of digoxin. 


These include the diabetic. The geriatric patient. 

The patient with renal disease. And the patient with 

advanced CHF who suffers from hepatic as well as 
nal complications. 


dd to this group the patient on multiple medica- 
ons with possible drug interactions. 
Conditions like these that increase the risk of digi- 
oxicity are generally outside the physician’s control. 
ut two of the most important preventive measures which 
not outside the physician's control are precise titration 
italis, and the consistent use of one diuretic. 


-As tothe first, the narrow therapeutic-to-toxic range 
igitalis is well known-and requires no elaboration. 


fiirosemide — 


Naturally increased | 
vigilance to any signs 


Why the pai nt t should be 
maintained on LASIX® 

The second precaution is the unvarying use of as 
diuretic for a given patient (consistent with proper pot 
sium balance). Thus, if the choice is LASIX®—as it is | 
most successfully managed CHF cases—the logic 
it is beyond debate. LASIX® is the only diuretic for’ 
whose effectiveness has been confirmed in no fewer t 
6,000 published papers...which offers the most com 
range of dosage forms and strengths for precise titratio: 
and is the most widely available brand of furosemide fo 
filling or refilling your prescription anywhere in the Uni 
States. In fact, according to a 1980 nationwide survey, | 
office-based physicians affirmed their confidence in 
LASIX® by naming it as the medication they preser 
most frequently in office practice- 


Protect your LASIX® prescription: 
-prevent substitution 
When you prescribe. LASIX®, write the phrase "Do 


substitute’ or whatever your state requires on the | 
prescription: ; 


Hf you arein doubt about a eila generic tu r 
` semide, call the offices. of the Food and D 

Administration's Bureau of Drugs, Consumer a 
Sona Relations saf at 301 443-1016. 


Reference: 1. Koch H: Drugs most frequently üsed ih ‘offic : 

practice: National Ambulatory Medical Care Survey, 1980, Vi 
and Health Statistics of the Nat Ctr for Health Statistics; No. 

(May.12) 1982. 

Before prescribing, please consult complete product infor 

a summary of which appears on the following page. 


: 18 


TABLETS: 
20,40 & 80mg — 


fhe diure ic of choi ef or the 





Sutin N 


{rolled with furosemide atone 
CONTRAINDICATIONS: Anuria. History of hypersensitivity 
to the compound. ; 
WARNINGS: Excessive diuresis may result in dehydration and 
seduction in blood volume, with circulatory collapse: and with the 
possibility of vascular thrombosis ond embolism, particutarly.in 
seldery patients. Excessive loss of potassium in patients receiv: 
ing ‘digitalis glycosides may precipitate digitalis toxicity. Exercise 
care in patients receiving potassium-depleting steroids. Perform 
«frequent serum electrofyle, CO2, and: BUN determinations during 
first few months of therapy and perioditally thereatter, and cor- 
tect obnormolities or temporarily withdraw the. drug. Initial ther. 
apy of poles with hepatic cirrhosis and ascites iS best carried 
e hospitol: Closely observe cirrhotic patents for sudden, 
fluid and electrolyte imbatances that moy precipitate hepatic 
coma. Supplemental potessium chloride and, if required) an 
Gidosterone antagonist are helpful in preventing hypokalemia 
and metabolic alkalosis, Discontinue furosemide if increasing 


Vos azotemig ond ligurio öecur during treatment of severe, progres- 


Sive'rena! disedse. Observe patients regularly for possible. blood 
dyscrasias, liver damage, or other idiosyncratic reactions 


Patents with known sulfonamide, sensitivily may. show allergic 


s gacions. Furosemide may potentiate the therapeutic effect.of 
other antihypertensive agents. Potentiation ocours with gangli- 
‘onic-er peripheral adrenergic blocking drugs. Exacerbation or 

“Octivation of systemic lupus erythematosus may occur Furo- 

“Samide appears in.breast milk if use of The drug is essential, the 
patient should stop nursing. Cases of tinnitus and reversible 
‘hearing impairment have been reported r 
There have aise been some reports of cases in which irreversible 
hearing impairment occurred. Usually ototaxicity has been 

“Teporied when furosemide wos injected. rapidly in patients with 
severe impairment of renal function at doses exceeding. several 
imes the usual recommended dose and in whom other drugs 

Known fo be ototoxic. were given. ifthe physician elects to use 

vohigh-dose parenteral therapy in patients with severely impaired 
fenol function, controlled intravenous infusion is advisable. (For 
odulls, on infusion rate not exceeding 4 mg furosemide per min- 
ule hos been used. > 

PRECAUTIONS: As with any effective diuretic, electrolyte depie- 
‘hon may occur especially in patients receiving higher doses and 
‘GQ tasincled soll intake. Patients receiving furosemide should be 

_ observed for clinical signs of fluid or electrolyte. imbalance, 
namely hyponatremia, hypochioremic. olkalosis, arid hypokute- 
mic. Serum and urine electrolyte delerminations are particularly 

imporlant wher-the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digifalis may also. influe 

` ence serum electolyles Hypokalemia may develop with furo- 

as with any other potent diuretic, especially with brisk 

. when carhosis is.presenl, or during concomitant use of 
cofieosiervids or ACTH. Inferierence wilh adequate oro! electro- 
lvaantake will ciso contribute to hypokalemia, Digitalis may 

exaggerate metabolic eects of hypokalemia, especially with ref- 

erence to myocardial activity. Asymptomatic hyperuricemia can 
occur and gout may rarely be precipitated. Increases in blood 
@iikose and allerations in glucose tolerance tests with abnor- 
molities-of the fasting ond two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mehi- 
tus hove been teported Furosemide may lower serum calcium 

“Tevels. and rore coses of tetany hove been reported. Penodic 
serum calcium levels should. be obtained. Reversible elevations 
ef BUN may be seen. These have been observed in association 
With dehydration, which should be avoided, particularly in 
patients with renal insufficiency. Patients receiving high doses of 
salicylates in conjunction with furosemide may experience soli- 

<. cylale toxicity at lower doses becouse of competitive renal exore. 
tory sites Furosernide has a tendency to antagonize the effects 
af tubocurarine and may potentiate the action of succinyicholine 
Lithium generally should not be given with diuretics because 
they reduce its renal clearance ond add a high risk of lithium 
toxicity, Diuretics such os furosemide may enhance the nephro- 
foxicily of cephaloridine. Therefore, furosemide and cephalori- 
diné. should not be administered simultaneously. Furosemide 
may decrease arterial responsiveness fo norepinephrine This 
diminution is not sufficient fo preclude effectiveness of the 

“pressor agent for therapeutic use H has been reported in the 
Herdture that coadministration of indomethacin may reduce the 
notrivrelic and antihypertensive effects of Lasix (furosemide) in 
some patients This effect has been attributed to inhibition of 

“oprostagiandin synthesis by indomethacin Indomethacin may 
also affect, plasma renin levels and aldosterone excretion: this 
should be borne in mind when o renin profile is evaluated in 
hypertensive patients. Patients receiving both indomethacin and 
kasi (furosemide) should pe observed Closely to determing if 
the: desired diuretic and/or antihypertensive effect of Lasix (furo- 
semide) is achieved 
PREGNANCY: Pregnancy Category ©. Furosemide has been 
shown fo cause unexplained maternal deaths and abortions 

“te-robbits at 2.4 and 8 times the humon dose There are no 
adequate and well-controlled studies in pregnant! women 

Furosemide should be used during pregnancy only if the 

Vopotentiol benefit justifies the potential risk to the fetus. 
ADVERSE REACTIONS: Anorexia, oral and gastric imtation, 
nouseg, vomiting, cramping, diorrhea, constipation, jaundice 
Cinfrahepatic jaundice, paricreotitis, dizziness; vertigo, pares- 
thagias, headache, xanthopsia, blurred vision, tinnitus ond hear: 
ing loss, anemia: Jeukopenia, agranulocytosis: (rore): thrambe- 
cylopenia, aplastic anemio (rare), purpura: photosensitivity, 
fashurhcadna, necrohging angiitis (vasculitis, culanequs vas: 
Guitis), extotiotive dermal rytherna multiforme pruritus: 


RATES: 


$75 per column inch 


SIZE: 
Minimum one column 
inch (3%” x 1”) 


DEADLINE: 


ist of month preceding 
publication date. 
Typesetting requires 
additional week. 


FREQUENCY: 


Monthly 


CONTACT: 

Margie Hisen 

YORKE MEDICAL GROUP 
875 Third Avenue 

New York, NY 10022 
212-605-9623 


CUTIS e THE AMERICAN JOURNAL 
OF. CARDIOLOGY ¢ THE AMERICAN 
JOURNAL OF MEDICINE © THE AMER- 
ICAN JOURNAL OF SURGERY 


Technical Publishing 








c 


io 


the Second International Symposium e 


Rome, Italy, May 17-19, 1982 


The most up-to-date presentation of the latest di 
on the entire range of clinical, bioengineerir 
pathology, and long-range follow-up issues on 


edited by Lawrence H. Cohn, 

, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609 PP; 
illus., Nov. 1982., $65.00 


An international program committee. 


competitive abstract basis. It was: 
d less than six months ago. One- 
hundred-eighty abstracts were sub- 
mitted and 45 in 8 categories were 
accepted. Virtually every major car- 
ovascular center in the world- that 
y meaningful experience with 
ic bioprosthetic valves was 
represented. Nowhere will you find 
between two covers as much current 
information on the field of cardiac 
alves: > 
Imost 20 years have gone by since 
the first reports of homograft valve 
jlacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
ears since the first reports began to 
ppear about commiercially available, 
lity-controlled porcine biopros- 
tic and bovine pericardial valves. 
yis book brings you completely up- 
to-date on what has happened since 
and what is happening today. 


your interests include the clinical, 
athological and bioengineering as- 
ects of cardiac bioprostheses then 
nis book is a must buy! It should. not 

be missing from your own profes- 
onal library. 


Who are the editors? 
rence H. Cohn, MD, is Pro- 
r of Surgery, Harvard Medical 
nd Cardiothoracic Surgeon, 
and Womens’ Hospital. He 
uthor of Modern Techniques in 
-and co-author of the new an- 
rdiology, now available in its 
ssue, Cardiology. 1982. 
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Magnification of key 
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With Q-Scan, you have the 
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Hospital proficiency. 
Office economy. 

With Q-Scan, you can generate top 
quality diagnostic information right in 
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EFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
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CONTRAINDICATIONS 
fonchial asthma, 2) allergic rhinitis dunng the pollen season: 3)-sinus bradyeardia and 
fat than first degree block: 4) cardiogenic shock: $) right ventricular lature. secondary 
pulmonary hypertension: 6) congestive heart failure (See WARNINGS} unless it is sec- 
dary. ioa tachyarrhythmia treatable with propranolol 7) in patients on adranerque- 
augmenting psychotropic drugs (inchiding MAO inhibitors), and during the two week 
drawal period fram such drugs 

WARNINGS 

RDA FAILURE: In congestive heart failure, inhibition with beta-blockade caries the 
potential hazard of further depressing myocardial contractility and precipitating cardiac 
lure in-patients already receiving digitalis, propranolol may reduce the positive inotropic 
or of digitalis and may have an additive depressant effecton AV conduction, 
PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, in rare instances, cardiac 
rehas developed during propranolol therapy Al the frst sign of impending cardiac 
y Patients should be fully digitalized and/or given a diuretic, and observed closely 
gardias failure continues. despite adequate digitalzation and diuretic therapy, pro- 
pranglol should be immediately withdrawn: b) if tachyarrhythmia is being controlled, 
patients should be maintained on combined therapy and closely followed until threat of 
rdiac failure is over. 



































IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
gina: anti in some cases. myocardial infarction, following abrupt-discontinuation ot 
NDERAL therapy Therefore. when discontinuance of INDERAL is planned the dosage 
shouldbe gradually reduced and the patient caretully monitored, In.addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 

i terruption of cessation of therapy without the physicians advice. if INDERAL therapy 
interrupted and exacerbation of angina occurs, itusually is advisable to reing Oe 
IDERAL therapy and take other measures appropriate for the management of unst 

le angina pectoris. Since coronary artery disease may be unrecognized, it may be 
ruden to follow the above advice in patients considered at-risk af having occult ath 
rogslerouc heart disease, who are given propranolol tor other indications 


















PPATIENTS WITH THYROTOXICOSIS, possible deleterious effecta from long term use 
notibeen adequately appraised. Give special consideration to propranalors. potential 
gravating, congestive heart failure. Propranolol may mask the clinidat’s signs of devel. 
r cantinuing hyperthyroidiam ar complications and givé-a lalse impression of 
ment, Propranolol should be withdrawn slowly. since abrupt withdrawal may be tol- 
y an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Pro- 

i does not distort thyroid function tests, 

TIENTS: WITH. WOLFF-PARKINSON-WHITE SYNDROME: séveral cases have beer 

ofted Inavhich, after propranolol, the tachycardia was replaced by a severe brady- 
requir ng a demang pacemaker in one case this resulted after an initial dose of 

g propranolol 

PATIENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs t the ability ofthe 

to respond. to reflex stimuli. Except in pheochromocytoma, propranolol should be 

drawn 48 hours prior to surgery in case of emergency surgery the effects.of pro- 

anolol-can be reversed by administration of beta-receptor agonists such as isepra- 

ferenolor levarterenal. bul such patients may be subject to protracted severe hypotension 

ficully inrestarting and maintaining. the heart beat has been reported. 

A PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. CHRONIC BRON- 

TS EMPHYSEMA), acininister wilh caution, since propranolol may block bronchodila- 
ain byoencagendus and exogenous catecholamine stimulation of 
eCepiors, 


DIABETICS. AND PATENTS SUBJECT TO HYPOGLYCEMIA Propranolol may prevent 
the appearance of premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia. especially in patients with labile diabetes. A precipitous elevation of 
blood pressure May accompany hypoglycemic attacks 
USE IN PREGNANCY, Safe use in human pregnancy not established. Embryotoxic 
aflects have beer seen in animals at doses about 10 mes the maximum recommended ` 
human dose. ` 





PRECAUTIONS : : 
Patients receiving catecholamine depleting drugs such as reserpine should-be closely < 
observed tt propranolol is acirurustered, since it may occasionally produce hypotension « 
and/or marked bradycardia resulting m vertigo. syncopal attacks, or orthostatic hypetan. 
Sion. 
Observe laboratory 
hep 








parameters a! regular intervals. Use with caution in patients 
vahie function 
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HOW SUPPLIED 


hexagonal shaped. orange, scored tablet is embossed wih ant“ ancimprinte 
NDERAL 107 conains 10 mg propranolol hydrochiotide. m bottles af 100 (NOG): 
0046-04281) ancl LOOG (NDC 0046-042191). Alao in unt dose package of 100 (NDC 
0046-0421-99) 

«Each hexagonal ahaped, piue. scored tablat is embossed with an 7 andimpanted 
INDERAL 20," cantaing 20.mg propranoto! bias in-botties of 100 (NDC D 
0422-8) and 1,000(NDC.0046-0422-91}, Also in unit dose package of 100 (NDG Of 
0422. 99} 

Each hexagonabshaped green, scored tablet is embossed with an "l’ and im 
with INDERAL 407 cdntains 40 mg propranolat hydrachtoride, in bottles af-100, 
0946.0424-B1) arid 1.000 (NDC 0046-0424-91)}, Aiso in urit dose package of 100 DC 
0046-04 24-99}, : 

Each hexagonalshaped, yellow, scored tablet is embossed with an “lh and impri 
with’ YNDERAL 807 contains 60 mig propranolol hycrochigrica, in bottles of 100 (ND! 
0046-0428-81) and 1,000 (NOC 0046-0428-0914. Algo in unit dose package of 100: NO 
HG464M 28-99) i 

The appearance of tiese tablets is a tra 

tore al room tamperatuce (Approx 
INJECTABLE i 
Each mi contains Ting of propranolol hydrochloride in Water for Injection, The BH 1S 
usted wilticitrie auld Supplied as 1 mi ampuis in boxes of 10 (NDC OO 46. 3265r 10): 
Store at roan temperature (approxunatealy 25° Cy 
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FROM THE EDITOR 





Getting the Manuscript Accepted: 
Think Like a Lawyer and Cover the Flanks 


A manuscript might be viewed as a legal brief in which an 
author presents logical arguments supporting the con- 
tention that he has created and proven a new concept. 
Reviewers, in a way, are like defense lawyers who attempt 
to find a flaw in the author’s contention. Finding such flaws 
often casts doubt on other claims of the author or claimant. 
Indeed, the finding by reviewers or the Editor of omissions 
of mention can be a major stumbling block preventing the 
acceptance of a manuscript. 

A manuscript’s quality may be compared to the game 
of tic-tac-toe, in which 2 players, in turn, fill in 9 com- 
partments, 1 at a time, with X’s and O’s. The best paper 


fills in all the blocks—covers all the bases—and in addition — 
lines up 3 X’s in a row (see the figure below), signifying 


E 


focus and clarity. A row of zeros indicates that the manu- 
script provides an essentially negative observation. A 


manuscript also can have all the blocks filled in but no 
symbols lined up in a row, indicating a lack of clarity and 


focus. The worst paper fails to fill in 1 or more compart- _ 


ments with either symbol (omissions of mention) and none 
line up in a row, an indication that the author has failed to 


mention all the points necessary to prove his case and to 


focus the points properly. 





MWA ©. Rae 


William C. Roberts, MD 
Editor-in-Chief 
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In Hypertension*...When You Need to Conserve Kt 


ule 


| contains 50 mg. of 


i 


Dyrenium® (brand of triamtere : 
and 25 mg. of hydrochlorothiazide. 


usually consists of an initial phase (adi 


alone), a titration phase (dosage adjustment and 
addition of a K+ supplement or K*-sparing EA 
agent), and a maintenance phase (a diuretic alone 
or in combination with a K+ supplement or 








Serum K+ and BUN should be 


checked periodically (see Warnings). 


Before prescribing, see complete prescribing information 
in SK&F CO. literature or PDR. The following is a brief 
summary. 





WARNING 

This drug is not indicated for initial therapy of edema or 
hypertension. Edema or hypertension requires therapy 
titrated to the individual. If this comoination represents 
the dosage so determined, its use may be more con- 
venient in patient management. Treatment of hyperten- 
sion and edema is not static, but must be reevaluated 
as conditions in each patient warrant 





Contraindications: Concomitant use with other potassium 
sparing agents such as spironolactone or amiloride. Further 
use in anuria, progressive renal or hepatic dysfunction, hyper- 
kalemia. Pre-existing elevated serum potassium. Hypersen- 
Sitivity to either component or other sulfonamide-derived 
drugs 

Warnings: Do not use potassium supplements, dietary or 
otherwise, unless hypokalemia develops or dietary intake 
of potassium is markedly impaired. If supplementary potas- 
sium is needed, potassium tablets should not be used, Hyper- 
kalemia can occur, and has been associated with cardiac 
irregularities. It is more likely in the severely ill, with urine 
volume less than one liter/day, the elderly and diabetics with 
suspected or confirmed renal insufficiency. Periodically, 
serum K+ levels should be determined. If hyperkalemia 
develops, substitute a thiazide alone, restrict K* intake 
Associated widened QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides cross the placental 
barrier and appear in cord blood. Use in pregnancy requires 
weighing anticipated benefits against possible hazards, in- 
cluding fetal or neonatal jaundice, thrombocytopenia, other 
adverse reactions seen in adults. Thiazides appear and tri- 
amterene may appear in breast milk. If their use is essential 
the patient should stop nursing. Adequate information on use 
in children is not available. Sensitivity reactions may occur 
in patients with or without a history of allergy or bronchial 
asthma. Possible exacerbation or activation of systemic lupus 


erythematosus has been reported with thiazide diuretics. 


Precautions: Do periodic serum electrolyte determinations 
(particularly important in patients vomiting excessively or 
receiving parenteral fluids, and during concurrent use with 
amphotericin B or corticosteroids or corticotropin [ACTH]) 
Periodic BUN and serum creatinine determinations should 
be made, especially in the elderly, diabetics or those with 
suspected or confirmed renal insufficiency. Cumulative 
effects of the drug may develop in patients with impaired 
renal function. Thiazides should be used with caution in 
patients with impaired hepatic function. They can precipitate 
coma in patients with severe liver disease. Observe regularly 
for possible blood dyscrasias, liver damage, other idiosyn- 
cratic reactions. Blood dyscrasias have been reported in 
patients receiving triamterene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and aplastic and hemolytic 
anemia have been reported with thiazides. Thiazides may 
cause manifestation of latent diabetes mellitus. The effects 
of oral anticoagulants may be decreased when used con- 
currently with hydrochlorothiazide; dosage adjustments may 
be necessary. Clinically insignificant reductions in arterial 
responsiveness to norepinephrine have been reported 
Thiazides have also been shown to increase the paralyzing 
effect of nondepolarizing muscle relaxants such as tubo- 
curarine. Triamterene is a weak folic acid antagonist. Do 
periodic blood studies in cirrhotics with splenomegaly, Anti- 
hypertensive effects may be enhanced in post-sympathec- 
tomy patients. Use cautiously in surgical patients. Triamterene 
has been found in renal stones in association with the other 
usual calculus components. Therefore, ‘Dyazide’ should be 
used with caution in patients with histories of stone formation. 
A tew occurrences of acute renal failure have been reported 
in patients on ‘Dyazide’ when treated with indomethacin 
Therefore, caution is advised in administering nonsteroidal 
anti-inflammatory agents with ‘Dyazide’. The following may 
occur: transient elevated BUN or creatinine or both, hyper- 
glycemia and glycosuria (diabetic insulin requirements may 
be altered), hyperuricemia and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali reserve with possible meta- 
bolic acidosis. ‘Dyazide' interferes with fluorescent measure- 
ment of quinidine. Hypokalemia is uncommon with ‘Dyazide’, 


K* -sparing agent). 


but should it develop, corrective measures should be taken 
such as potassium supplementation or increased dietary 
intake of potassium-rich foods. Corrective measures should 
be instituted cautiously and serum potassium levels deter- 
mined. Discontinue corrective measures and ‘Dyazide’ should 
laboratory values reveal elevated serum potassium, Chloride 
deficit may occur as well as dilutional hyponatremia. Con- 
current use with chlorpropamide may increase the risk of 
severe hyponatremia. Serum PBI levels may decrease with- 
out signs of thyroid disturbance. Calcium excretion is 
decreased by thiazides. ‘Dyazide’ should be withdrawn before 
conducting tests for parathyroid function. 


Thiazides may add to or potentiate the action of other anti- 
hypertensive drugs 


Diuretics reduce renal clearance of lithium and increase the 
risk of lithium toxicity. 


Adverse Reactions: Muscle cramps, weakness, dizziness, 
headache, dry mouth; anaphylaxis, rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; nausea 
and vomiting, diarrhea, constipation, other gastrointestinal 
disturbances; postural hypotension (may be aggravated by 
alcohol, barbiturates, or narcotics). Necrotizing vasculitis, 
paresthesias, icterus, pancreatitis, xanthopsia and respiratory 
distress including pneumonitis and pulmonary edema, 
transient blurred vision, sialadenitis, and vertigo have 
occurred with thiazides alone. Triamterene has been found 
in renal stones in association with other usual calculus com: 
ponents. Rare incidents of acute interstitial nephritis have 
been reported. Impotence has been reported in a few patients 
on ‘Dyazide’, although a causal relationship has not beer 
established 


Supplied: Bottles of 1000 capsules; Single Unit Packages 
(unit-dose) of 100 (intended for institutional use only); in 
Patient-Pak™ unit-of-use bottles of 100. 


iletasupalal 


SK&F CO. ay 


a SmithKline company 


Carolina, P.R. 00630 ©SK&F Co., 198; 
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dosage and... 


ardioselectivity 


ONE TABLET A DAY 


TENORMIN 


atenolol) 


Toblers 50 mg 


“Cardioselectivity denotes a relative preference for B 
receptors, located chiefly in cardiac tissue 
This preference is not absolute 


See last page of this advertisement for brief summary 
of prescribing information 
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i ) USAGE: TENORMI Holo!) iS 
lay alone or concomitantly with other. 
-type diuretic. eee NE : z 
INDICATIONS: TENORMIN is contraindicated in Sinus bradyc : 
Bebe deg ‘Cardiogeni¢ shock, and overt cardiac failure (see WARNINGS). ° 
NGS: Cardiac are: Sympathetic stimulation is necessary in supporting circulatory 
nction in Congestive heart failure, and beta blockade carries the potential hazard of further 
depressing myocardial contractility and precipitating more severe failure. In. hypertensive patients 
have congestive heart failure controlled by digitalis. and diuretics, TENORMIN should be 
inistered cautiously. Both digitalis and atenolol slow AV conduction. ‘ 
Patients Without a History of Cardiac Failure: Continued depression ofthe myocardium with 
ta-biocking agents over a period of time can, in some cases, lead to cardiac failure. At the first 
oF symptom of impending cardiac failure, patients should be tully digitalized and/or be given a 
diuretic and the response observed closely. if cardiac failure continues, despite adequate digitaliza- 
i diuretic, TENORMIN therapy should be withdrawn, 
ischemic Heart Disease: Following abrupt cessation of therapy with certain beta-blocking agents 


ers, does not delay recovery of blood glucose to normal levels. 
oxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
fperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm; therefore, 
atents suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
Should be monitored closely. 
PRECAUTIONS: impaired Renal Function: The drug should be used with caution in patients with 
mpaired renal function (see DOSAGE AND ADMINISTRATION). 
; Catecholamine-depleting drugs (eg. reserpine) may have an additive effect 
1 Given with beta-blocking agents, Patients treated with TENORMIN plus a catecholamine 
depletor should theretore be closely observed tor evidence of hypotension and/or marked bragdy- 
Cardia: which may produce vertigo, syncope. or postural hypotension. 
_ Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
oncurrently. the beta blocker should be discontinued several days before the. gradual withdrawal 
of clonidine. 
7 . of Fertility: Two long-term. {maximun dosing duta- 
f'18 or 24 months) rat studies and one long-term (maximum dosing duration of 18 months} 
mouse study, each employing dose levels as high as 300 mg/kg/day of 1504imes the maximum 
ecommended human dose, did not indicate a carcinogenic potential.in rodents. Results of various 
Mutagenicity studies support this finding. 
Fertility of male or female rats (evaluated at dose levels as high’as 200 mg/kg/day or 100 times 
Maximum recommended human dose) was unaffected by atenolol administration, 
nimal s Chronic studies performed in animals have revealed the occurrence of vacuo- 
ton of epithelial cells of Brunner’s glands in the duodenum of both male and termale dogs at all 
tested dose levels of atenofol (starting at 15 mg/kg/day or.7.5 times the maximum recommended 
man dose) and increased incidence of atrial degeneration of hearts of male rats at 300 mg but 
150mg atenolol/kg/ day (150 and 75 times the maximum recommended human dose, 


respectively), 
USAGE IN PREGNANCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
related increase in embryo/tetal resorptions in rats at doses equal to or greater than 50 mg/kg or 
"more times the maximum recommended human dose. Although similar effects were not seen 
fabbits, the compound was not evaluated in rabbits at doses above 25 mg/kg or 12.5 times the 
ixiMmum recommended human dose, There are no adequate and well-controlled studies in preg- 
women, TENORMIN should be used during pregnancy only if the potential benefit justifies the 
tential risk to the fetus. 
ing. + iris not established to what extent this drug is excreted in human milk. Since 
‘drugs are excreted in human milk, nursing should not be undertaken by mothers receiving 


Ol 
Podiatric Use: ad and effectiveness in children have not been established. 
VERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates 
re derived from controlled studies in which adverse reactions were either volunteered by the 
t (U.S. studies) or elicited (eg, by checklist—foreign studies). The reported frequency of eti- 


ONE TABLETA DAY 


IN 


(atenolol) 


heart block greater = US STUDERA 


U.S. STUDI ITENOLOL-% PLACEBO): = =. ues eae eee 
fadycardia (SE colt extrem ties (0%-0.5%), postural hypotension 


y leg pain (09-05%). Ae vex Ea ER 
CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness '(4%-19); vertigo (2%-0,5% 
light-headedness. (1%-0%), tiredness (0,.6%-0.5%), fatique(3%-1%), lethargy (19%-0%), draws: 7 
ness (0.6%-0%), depression (0.6%-0,5%), dreaming (0%-0%) ; SRR 
GASTROINTESTINAL: diarrhea (2' J Nausea (4%-1%) 
RESPIRATORY (See WARNINGS). wheeziness (0%-0%), dyspnea (0.6% 1%) 
TOTALS U.S. AND FOREIGN STUDIES: 
CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (34-196) : i yni 
CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0,2%), - 
light-headedness (3%-0,7%), tiredness (26%-13%), fatique.(6%-5%), lethargy (390.7%), . 
drowsiness (2-0 5%), depression (125¢-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with 
the use of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, 
the symptoms have cleared when treatment was withdrawn. Discontinuance of the drug should 
be considered if any:such reaction is not otherwise explicable. Patients should be closely moni- 
tored following cessation of therapy. 
POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported 
with other beta-adrenargic blocking agents, and may be considered potential adverse effects of 
TENORMIN (atenolol), 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura. thrombocytopenic purpura. 
Allergic: Fever, combined with aching and sore throat, laryngospasm and respiratory distress. 
Central Nervous : Reversible mental depression progressing to Catatonia, visual distur- 
dances, hallucinations, an acute reversible syndrome characterized by disorientation of timeand 
place, short-term memory loss, emotional lability with slightly clouded sensorium, decreased per- 
formance on neuropsychometrics. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis, i i 
Other: Reversible alopecia, Peyronie's disease, erythematous fash, Raynaud's phenomenon: 
Miscellaneous: The oculomucocutaneous syndrome associated with the beta blocker practolol 
has not beer: reported with TENORMIN during investigational use and foreign marketing experi 
ence: Furthermore, a number of patients who had previously demonstrated established practolol = - 
reactions were irangterred to TENORMIN therapy with subsequent résolution or quiescence of the | 
faction. ; 
OVERDOSAGE: To date, there is no known case of acute overdosage, and.no specific information... 
on emergency treatment of overdosage is available. The most common effects expected with over- 


dosage of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, . ze 


bronchospasm, and hypoglycemia. y : 
in the case of overdosage, treatment with TENORMIN should be stopped and the patient care- 

tuily observed. TENORMIN can be removed trom the general circulation by hemodialysis: In addi- 

tion to gastric lavage, the following therapeutic measures are suggested if warranted: 

Bradycardia: Atropine or another anticholinergic drug. 

Heart Block (Second or Third j: isoproterenol or ansvenous cardiac pacemaker, 

Congestive Heart Fi z Conventional therapy. k . 

Hypotension (Depending on Associated Factors): Epinephrine rather than isoproterenol or nore" 

epinephrine may be useful in addition to atropine and digitalis. 3 : ee 
‘onchospasm: Aminophylling, isdproterendl. or atropine. 


hypogiycemia: intravenous glucose, A 

p AND ADMINISTRATION: The initiat doseot TENORMIN:is 50 mg given as one table! 
day either along or added to diuretic therapy. The tull effect of this dose will usually be seen within 
one to two weeks. If an optimal response is. not achieved, the dosage should be increased to 
TENORMIN 100 mg given as one tablet a day. increasing the dosage beyond 100 mg a day is 
unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thazide-type diuretics, hydralazine, prazosin, and alpha-methyidapa. 

Since TENORMIN is excreted vid the kidneys, dosage should be adjusted in cases of severe 
impairment of renal function. No.significant accumulation of TENORMIN occurs until creatinine ae 
clearance falls below 35 mi mini. 73 m (normal range is 100-150 mi /min/1.73 m’); therefore, the 
following maximum dosages are recommended for patients with renal impairment: 


Atenolol 
Elimination Half-life 
(prs) 


Creatinine Clearance 
(miming t.73 et) Maximum Dosage. 

50 mg daily 

50 mg every other day. 


15-35 16-27 
<15 >27 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under: : 
hospital supervision as marked falls in blood pressure can occur. Hia 
HOW SUPPLIED: Tablets of 50 mg TENORMIN (atenolol): round, flat, uncoated, white tablets with a 
Stuarl embossed on one side and NDC No. 105 embossed on the other side are suppliedin: < : 
monthly calendar pankages of 28 tablets, bottles of 100 tablets, and unit-dase packages af 100 fab- 
lets. Tablets of 100 mg TENORMIN (atenolol): round, flat, uncoated, white tablets with Stuart a 
embossed on ane side and NDC No, 101 embossed on the other side are supplied in bottles of 
tablets. and unit-dose packages of 100 tablets. ae 

Protect from heat, light, and moisture. Store unit-dose and calendar packages at controlled 
temperature i 4 


The only beta blocker 
Clone-tablet-a-day 
dosage and... 
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| Echocardiography: A Tool tor Evaluation. of In Utero 
Cardiac Arrhythmias. and Monitoring of In Utero. Therapy: 
Analysis of 71 Patients. Charles S. Kleinman, Richard L. Don- 
-nerstein, C. Carl Jaffe, Greggory R: DeVore, Ellen M. Weinstein, 

- Diana C. Lynch, Norman $. Taner, R Richard L. Berkowitz, and 
John C. Hobbins > 


Assessment of Ventricular Size and Function in Congenitally 

Corrected Transposition of the Great Arteries. Thomas P. 
Graham, Jr., ‘Mark D: Parrish, Robert J. Boucek, Jr., Robert C. 
- Boerth, James A. Breitweser, Sandra Thompson, Rose M. Rob- 
on, John R. Morgan, and Gottlieb C: Friesinger 


jantitation of Aortic and Mitral Regurgitation in the Pediatric 
opulation: Evaluation by Radionuclide Angiocardiography. 
Roger A. Hurwitz, Salvador Treves, Michael Freed, Donald A. 
Girod, and Randall L. Caldwell oo 


= Supravalvular Aortic Stenosis. A 20-Year ‘Clinical Perspective 
and Experience With Patch Aortoplasty. Greg Flaker, Douglas 
Teske, James Kiiman, Don Hosier, and Charles Wooley 


. Radionuclide Stroke Count ‘Ratios for Assessment of Right and 
_ Left Ventricular Volume Overload in Children. Mark D. Parrish, 
“Thomas P. Graham, Jr., Mark L. Born, Jerome P. Jones, Robert 
“J. Boucek; Jr., Michael Artman, and G. Leon Partain 


5 Pulmonary Vascular Disease in Secundum Atrial Septal Defect 
oon Childhood. Sheila G. Haworth | = 


73. Clinical Follow-Up Study of. Paroxysmal Supraventricular 
Tachyarrhythmias After Operative Repair of a Secundum Type 
Septal Defect in Adults. Robert 0. Brandenburg, Jr., David R. 
Holmes, Jr, Robert O. ‘Brandenburg, and Dwight C. McGoon 


Epicardial and Endocardial Activation in Patients With Endo- 
cardial Cushion Defect. Robert M. Campbell, Macdonald Dick 
: Ht, Paul Hees, and Douglas M. Behrendt 


- Atypical Fallot's Tetralogy With Doubly Committed Subarterial 
Ventricular Septal Defect. Diagnostic Value of 2-Dimensional 
Echocardiography. Horacio Capelli and Jane Somerville 


- Supraventricular, Tachycardia in Infants: Use of the “Diving 
Reflex.” Velio Sperandeo, Daniele Pieri, Pasquale Palazzolo, 
Mario Donzelli, and Giuseppe. Spataro 


impact of 2-Dimensional Echocardiography on the Management 
Distressed Newborns in Whom Cardiac Disease Is Sus- 
ed. Mary J. Rice, James: B. Seward, Donald J. Hagler, 
Douglas D. Mair, Robert H. Feldt, Francisco J. Puga, Gordon K. 
ielson, William D. Edwards, and Abdul J. Tajik 


est and Exercise Ventricular Function in Adults With Con- 
genital Ventricular Septal Defects. George Jablonsky, J. David 
Hilton, Peter P. Liu, John E. Morch, Maurice N. Druck, Ben-Zion 
- Bar-Shlomo, and Peter R. McLaughlin, With the technical as- 
sistance of Kathy. M; Winter ~ 

























































: A note from the Editor-in-Chief, Wiliam c. Roberts, MD; 
appears on page A3 of this issue. 
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VALVULAR HEART ‘DISEASE ; 


Equilibrium Radionuclide Ge ed Angiography in Patients 
Tricuspid Regurgitation. | Bruce Handler, Dan G. Pavel, Ra 
Pietras, Steven Swiryn, Ernest s Byrom, Wiltred Lam, and Kenne 
M: Rosen 


The Apex Impulse in Mitral Stenosis: Graphic Explan 
the Palpable Movements at the Cardiac Apex. Jon Floy 
W. Willis IV, and Ernest raige 


Coronary Vascular Reserve In Left vinous tna 
Secondary to Chronic Aortic Regurgitation. Augusto D. Pic 
Harry Smith, James Holt, Jose Meller, and Richard Gorlin 


Regurgitation of Prosthetic Heart Valves: Dependence: on! 
Rate and Cardiac Output. Kevin C. Delisperger, Davi 
Wieting, Debra A. Baehr, Robert J. ‘Bard, Jean-Pierre 
and Earl C. Harrision : 


















MISCELLANEOUS Topics 


Noninvasive Detection of Active Pericardial Bleeding Us 
Cardiac Blood Pool Scintigraphy. Timothy M. Bateman, Rash 
Massumi, Richard J. Gray, Aurelio Chaux, Michele A. 
David E. Brown, Jack M: Matloff, ‘and Daniel Ss. Berman 


Assessment of the Cardiac Effects of Hemodialysis With 
Systolic Time Intervals and ‘Echocardiography. ‘Abra 
Bornstein, William H. Gaasch, and John Harrington - 


Normal Left Atrial Function Determined by 2-Dimension 
Echocardiography. Jack Gutman, Yin Shi Wang, Dennis W 
and Nelson B. Schiller 


Myocardial Funetion: in “Rocky Mountain. Spotted 
Echocardiographic Assessment. José Marin-Garcia 
F. Barrett... 
Mechanisms for Decreased Exercise Capachiy Atter 
in Normal. Middla-Aged Men. Joseph Hung, Daniell 
Victor A. Convertino, James H. McKillop, Minan 1 
Robert F. DeBusk | 

Cardiac Performance in Thyrotoxicosis: Anal 
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uction in ‘the ae oxygen requirement appears to be the. majora 
of nitrares in relieving typical angina. However, selective dilatation of large 
-vessels by nitrates may be the primary mechanism by which o benef { 
with angina due to coronary spasm. : 
Mechanism Il: In contrast, beta-blockers block the beta receptor < si ires intheh 
‘itself. They work by reducing the hearr rate and the force of contraction, tr 
_ lowering ies demand. In addition to cardiac output and heart rare, blood 
pressure is also decreased. | 
Bera-blockers may reduce the oxygen requirement of the heart at any give 
of effort by blocking carecholamine-induced increases in heart rare, systo eb ood 
_ pressure, and the velocity and extent of myocardia al contraction. 2 





iminished si ide effects: some of the negative aspects of the effects of each drug an 
duced. For example, concomitant nitrates oppose the increased ventricular si Ze fill 
essure, and end-diastolic pressure caused by beta-adrenergic antagonists." 
The effects of NITROSTAT® SR and a beta-blocker are complementary. 
The result can be improved therapy for angina prophylaxis. 


all day and all all night prophylactic action with just hwo or three daily doses* 








| How Supplied: 2 o -mg and 6.5-mg strengths, in bottles of 60 and 400 copse 
_ Also, 9.0-mg strength, in bottles of 60 capsules. | 
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INDICATION: :Basedona review:of 
this drug by the National Academy | 
of Sciences—National Research 
Council and/or other information, 
FDA has. classified the indication as 
follows. 

“Possibly” effective: För ' 
the management, propħylaxis or 
treatment of anginal attacks. 
À Final classification of the less- 
| than-effective indication requires 
“| further investigation. 





CONTRAINDICATIONS: 
Acute or recent myocardial infarction 
severe anemia, closed-angle 


“» glaucoma, postural hypotension, 


increased intracranial pressure and 
idiosyncrasy to the drug. 


WARNINGS: 

Capsules must be swallowed. 

FOR ORAL, NOT SUBLINGUAL USE. 
Nitrostat SR Capsules are not intended 
for immediate relief of anginal attacks. 


PRECAUTIONS: 
. Intraocular pressure may be increased: 
therefore, caution is required in 


; administering to patients with glaucoma. 


Tolerance to this drug and cross- 
tolerance to other organic nitrites and 
nitrates may occur. If blurring of vision, 
dryness of mouth or lack of benefit 
occurs, the drug should be 
discontinued. 


ADVERSE REACTIONS: 


Severe and persistent headaches, 
cutaneous flushing, dizziness and 
“weakness. Occasionally, drug rash or 
exfoliative dermatitis, and nausea and 
vomiting may occur; these responses 
may disappear with a decrease in 
dosage. Adverse effects are enhanced 
by ingestion of alcohol, which 
‘appears to increase absorption from 
`- the gastrointestinal tract. 
` DOSAGE AND ADMINISTRATION: 
Administer the smallest effective dose 


2 or 3 times daily, at 8- to 12-hour 
‘intervals, unless clinical response. 


"suggests a different regimen. 
«+ Discontinue if not effective... daaacoio 
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Sk Louis, Missouri 63144. 
Distributed by 
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CONGENITAL, HEART DISEASE 


7 Fetal Echocardiography. A Tool for Evaluation of In Utero Cardiac c Arrhythmias and. Monitoring of in 
f Utero Therapy: Analysis of Ti Patients 


CHARLES S. KLEINMAN, RICHARD L. DONNERSTEIN, C. CARL JAFFE, GREGGORY R: ‘DeVORE, 
ELLEN M. WEINSTEIN, DIANA C. LYNCH, NORMAN S. TALNER, RICHARD L BERKOWITZ, cand. 
JOHN C: HOBBINS 


oe Fetal echocardiographic studies were performed on 71 patients who had been relarrod for evaluation of cardi 

oy rhythm disturbances at 24 to 40 weeks’ gestation. After 2-dimensional echocardiographic study of cardiac struc 
< ture, M-mode echocardiograms were analyzed for measurement of cardiac rate, atrioventricular contraction si 3- 

<: quence, atrioventricular valve motion, and duration of postectopic pauses. Arrhythmias were diagnosed ng 
Cases. In 34 patients with isolated ectopic beats, the arrhythmia resolved during later pregnancy (26) or within 
„the first 5 days of life (8). Fourteen patients with mild sinus bradycardia (6) or frequent sinus. pauses (8) had reso- 
lution of the arrhythmia during pregnancy. Sustained arrhythmias were noted in 11 patients. Fatalities occurred 
when there was asséciated fetal congestive heart failure (hydrops fetalis) or structural heart disease, ‘or.both. M- 
<c; mode echocardiography diagnosed supraventricular tachycardia in 3. fetuses. The echocardiogram v ‘was s used 
es thereafter for. monitoring of transplacental digoxin therapy. ; 


244 Assessment of Ventricular Size and Function in Gonganitatty Corrected Transposition oi of the Great 
Arteries _ 
THOMAS PL ‘GRAHAM, Jr., MARK D. PARRISH, ROBERT J. BOUCEK, Jr., ROBERT c: BOERTH, 


<o JAMES A. 'BREITWESER, SANDRA THOMPSON, ROSE M. ROBERTSON; JOHN R. MORGAN, and 
; GOTTLIEB Cc. ‘FRIESINGER 


ae Quantitative angiography was performed in 19 patients with congenitally corrected transposition ofthe sab ar- 
teries to assess right and left ventricular size and function. Both systemic (anatomically right) end-diastolic vol- 
ume and. pulmonary (anatomically left) end-diastolic volumes were within normal limits in a majority of the pa 
cS < tients. Pulmonary ventricular ejection fraction. was also normal in most patients. Systemic ventricular ejection 
"fraction was normal in a majority of patients aged <10 years, but 2 of 5 patients aged >17 years had low sys- 
“temic ejection fractions, and an additional patient had a value at the lower limit of normal. After childhood, sys- 
temic ventricular dysfunction is not ‘uncommon and may reflect the inability ‘of the anatomic right ventricle to 
= function as the systemic pumping chamber over a normal ee ina majority of patiente with congenial cor- 
ee rected Taneponan ‘of the great arteries. l 


antitation of Aortic. and Mitral Regurgitation in the Pediatric Population: E Evaluation by Radionuclide 
; igiocardiography © 

ROGER A. HURWITZ, SALVADOR TREVES, MICHAEL. FREED, DONALD A. aron, and 

RANDALL L L CALDWELL 


o Aortic or mitral regurgitation, or both, were estimated by determining the fatio of left to right ventricular siroke 
volume, obtained during equilibrium ventriculography. The radionuclide measurement was compared with the 
-results of cineangiography, with good correlation between both studies in 47 of 48 patients. Radionuclide stroke 
- volume ratio was used to classify severity: The group. with equivocal regurgitation differed from the group w 
mild regurgitation (p <0.02); patients with mild regurgitation differed from those with moderate regurgitation { 
- <0.001); and those with moderate regurgitation differed from those with severe regurgitation (p <0.01). There- 
sults of this study demonstrate that a stroke volume ratio >2.0 is compatible with monerajely severe regurgita- 
7 _tion and that a i ratio 79. 0 0 suggests the presence of severe regurgitation. ; ; 








6 Supraventricular Aortic Stenosis. A 20-Year Clinical Perspective and Experience With Patch 
 Aortoplasty a 
© 0o GREG FLAKER, DOUGLAS TESKE, JAMES KILMAN, DON: HOSIER, and CHARLES WOOLEY 


Supraventricular aortic stenosis has a wide range of clinical and morphologic expression, which influences the 
results of corrective surgery. Sixteen patients with supraventricular aortic stenosis underwent patch aortoplasty. 
At’surgery, portions of the aortic valve cusps were frequently attached to supraventricular tissue. This cusp 
: tuck"? resulted in distinctive angiographic features pre- and postoperatively. Of the 8 patients who underwent . 
“postoperative cardiac catheterization, all had a reduction in gradient between the left ventricle and the ascend-. 
ing aorta. Several patients had persistent gradients at the aortic valve level, which represented persistent attach- 
ment of aortic valve tissue to residual supraventricular tissue, Consequently, these morphologic features need 
to be recognized in order to plan an effective surgical approach. 


1 Radionuclide Stroke Count Ratios for Assessment of Right and Left Ventricular Volume Overload in 
- Children l F 


MARK D. PARRISH, THOMAS P. GRAHAM, Jr, MARK L. BORN, JEROME P. JONES, 
ROBERT J. BOUCEK, Jr., MICHAEL ARTMAN, and C. LEON- PARTAIN 


A cineangiographic validation of the radionuclide determination of stroke count ratios in children for assessment 
of right and left ventricular volume overload is reported. Radionuclide stroke count ratios were determined in 60 
children (aged 0.5 to 19 years, mean 11). Based on the diagnoses, these patients were divided into 3 groups: (1) 
normal (stroke count ratio. 1.04 + 0.17), (2) left ventricular volume overload (stroke count ratio 2.43 + 0.86), and 
(3) right ventricular volume overload (stroke count ratio 0.44 + 0.17). The radionuclide stroke count ratio clearly. 
differentiated these groups (p <.05). In‘22 of our 60 patients, radionuclide stroke count ratios were compared 





with cineangiographic stroke volume ratios, disclosing a correlation coefficient of 0.88. It is concluded that ra = 


dionuclide ventriculography is an excellent tool for the qualitative and quantitative assessment of valvular regur- 
gitation in children. 


65 Pulmonary Vascular Disease in Secundum Atrial Septal Defect in Childhood 
SHEILA G. HAWORTH 


Pulmonary vascular structure was analysed in biopsy or autopsy tissue from the lungs of 10 patients with a se- 
cundum atrial septal defect (ASD) whom pulmonary hypertension had developed. Four patients were aged <6 
months, 5 were aged 2 to 9 years, and 1.was 21 years old, Four infants presented in cardiac failure, all hada 
marked increase in pulmonary arterial smooth muscle, and only | infant survived surgery. Of the 5 older children, - 
3 had severe pulmonary vascular disease, similar to that seen in adults with hypertensive ASD, and only 2 under- 





went successful surgery. In. T child and in the 1 adult, the severity of the pulmonary vascular disease precluded ` >o- . 


surgery. The ASD was closed in 8 patients, but only 3 children survived. E 


73 < Clinical Follow-Up Study of Paroxysmal Supraventricular Tachyarrhythmias After Operative Repair of ae 
-| a Secundum Type Septal Defect in Adults 7 


ROBERT O. BRANDENBURG, Jr, DAVID R. HOLMES, Jr, ROBERT O. BRANDENBURG, and 
DWIGHT C. McGOON 


Paroxysmal supraventricular tachyarrhythmias are relatively common and may be the presenting symptom in 
adult patients with isolated atrial septal defects. The clinical course of these arrhythmias after surgical repair is 
unknown. Of 188 patients aged >44 years with isolated atrial septal defects, 27 (14%) had paroxysmal atrial. 
tachyarrhythmias before operation: 16 with paroxysmal atrial fibrillation, 2 with paroxysmal atrial flutter, and 9. 







with paroxysmal supraventricular tachycardia. After operative repair, a mean follow-up of 12 years (range.1.5. = > 
to. 25) was available. The outcome was dependent on the specific type of arrhythmia. Of the 18 patients with par- = 


-exysmal atrial flutter or fibrillation, 15 had sustained atrial fibrillation at follow-up, whereas of the 9 patients with 
preoperative paroxysmal supraventricular tachycardia, 5 had rio further episodes at follow-up and 4 had a pro- 
nounced decrease in the frequency of paroxysmal arrhythmia. rat aene 


Continued on Page A19." © 
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LOOKING 
BENEATH THE 
SURFACE... 


may reveal the cause 
of his hypertension... 


In their study of the humoral mechanisms in- 
volved in hypertension, researchers are focus- 
ing not only on the kidneys and adrenal glands 
buton other glandular bodies as well. 


Recently, a new aldosterone-stimulating 
factor (ASF) has Been isolated fromnormal 
human urine.* Through immunofluorescence, 
ASF—a pae ` with a number of similari- 


ties to ACTH and'angiðtensin ll—has been 
traced to the pituitary gland. By helping to 
raise plasma.levels of aldosterone, which in 
turn leads to.increased renal sodium retention, 
ASF presumably contributes to hypertension. 
The importance of its role must still be deter- 
mined—and eventually will be, as researchers 
continue to look “beneath the surface.’ 


*Sen Set al; Hypertension 3(Suppl 1):81-86, May-Jun 1981. 
By permission of the American Heart Association, Inc. 
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as well as the cause of his 
excessive anxiety 


When the hypertensive patient also has anxiety 
which may cause him to resist, or even ignore, his 
medical regimen, discreet probing often provides 
sufficient information about possible underlying 
causes to help you deal with the situation. At 
times, however, neither counseling nor reassurance 
seems to work. The patient remains tense, appre- 
hensive and—perhaps most damaging of all— 
noncompliant. 

In such cases, adjunctive Valium (diazepam/ 
Roche) can be distinctly helpful. Valium works 
promptly and dependably to relieve the excessive 
anxiety that patients may have because of their 
concern over their organic illnesses. Typically, initial 
calming occurs within hours—more sustained, deci- 
sive relief of anxiety symptoms in just a few days. 
With his intense anxiety under control, the hyperten- 
sive patient may be better able to cope with his 
problems and to tolerate the demands of his treat- 
ment program. 

Another important advantage: Valium has been 
used with most primary cardiac medications, includ- 
ing cardiac glycosides, diuretics and vasodilators. 
Side effects more serious than drowsiness, fatigue 
and ataxia are rare and seldom severe. Patients 
should, of course, be cautioned against drinking 
alcoholic beverages or driving while taking Valium. 
Periodic reassessment of the need for psychotropic 
medication is also recommended. 


VAUUM, 


ciazeoam/Roche 


2-mg, 5-mg, 10-mg scored tablets 


A primary choice for anxiety 
associated with hypertension 
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g /\ Roch Ss 
Before prescribing, please consult com late prod- 
uct information, a summary of which follows 
Indications: Management of anxiety disorders, or short- 
term relief of hl beled ot anxiety, Armiety orfansion csse- 
ciated with the stress of everyday life usually does not 
require treatment with an anxiolytic. Symptomatic relief of 
acute agitation, tremor, delirium tremens and hallucinasis 
due to acute alcohol withdrawal: adjunctively in skeletal 
muscle spasm due to reflex spasm fo focal i 
spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man none: convulsive disorders (not 
for sole therapy). 
The effectiveness of volam in nlong-ter -tarm use, that is. more 
than 4 months, has not been assessed by systematic clini- 
cal studies. The physician should cally reassess the 
usefulness of the for the individual patient, 
Contraindicated: Known hypersensitivity to the dtug. 
Children under 6 months of age. Acute nortow angle 
glaucoma; may be used in patients with open angle 
 iaeenlbage who are receiving appropriate therapy. 
mings. Not of value in psychotic. patients; Caution 
inst hazardous eng gr requiring complete mern- 
tal alertness. When used adjunctively in convulsive disor- 
ders, possibility of increase in frequency and/or povaly, 
of grand mal seizures may require increased 
standard anticonvulsant medication: abrupt ha 
may be associated with temporary increase in frequency 
and/or severity of seizures. Advise agains? simultaneous 
ingestion of alcohol and other CNS depressants. With- 
drawal symptoms similar to those with barbiturates ond 
alcohol have been observed with abrupt discontinua- 
tion, usually limited fo extended use and excessive doses. 
infrequently, milder withdrawal symptoms have been 
reported following abrupt discontinuation of benzociaze- 
pines after continuous use, ‘ally at higher therapeu- 
tic levels, for at least several months. After extended ther- 
apy. gradually taper dosage. Keep addiction-prone 
individuals under careful surveillance because of their 
predisposition to habituation and dependence, 
ga e in Pregnancy: Use of minor tranquitiz- 
luring first trimester should almost 
aiwa be avoided because of increased 
tisk of congenital malformations as sug- 
asted in several studies. Consider possibil- 
of pregnancy when instituting manny: 
advise patients to discuss therapy if the 
intend fo or do become pregnant. 
Precautions: if combined with other peychoroniei s a 
anticonvulsants, consider carefully pharmacology 
agents employed; drugs such as: T amahina y ae 
ics, barbiturates, MAO inhibitors and other ontidepres- 
sants may potentiate its action. Usual precautions indi- 
cated in patients severely depressed. or with latent 
depression, or with suicidal tendencies, Observe usual 
precautions in impaired renal or hepatic function: Limit 
to smallest affective amount in elderly and 
debilitated to preclude ataxic or oversedation. 
The clearance:of Valium and certain other benzodiaze- 
pines can be delayed in association with Tagamet 
(cimetidine) cociministration, The olinical signi cance of 
this is unclear. 
Side Effects: Drowsiness. confusion, diplopia, hypoten- 
sion, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, okoia, constipation, 
headache, incontinence, changes in salivation, slurred 









































speech, tremor, vertigo, urinary retention. blurred vision. 
Paradoxical reactions such as acute hyperexcited states, 
anxiety, hallucinations. increased muscle spasticity, 
insomnia, rage, sleep disturbances. stimulation have 
been reported, snouid these occur discontinue drug. 
isolated reports of f Poutropena. joundice; periodic 
blood counts and liver function fests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial effect. 
Adults: Anxiety disorders, symptoms ii anxiaty, 2 fo 10mg 
bid. to aid, alcoholism, 40: mg tid. or gid. in first 24 
hours, then 5 mq tid, or qid: os needed: adjunctively in 
skeletal muscle spasm, 2.10 10 mg tid. orata; adjunc- 
tively in convulsive disorders, 2 to 10 mg bid to aid; 
Geriatric or debilitated patients; 2 to 2/2 mO; 1 or 2 times 
daily initially, increasing os needed and tolerated. Gee 
Precautions.) Children: 1 to 2V2 mg tia. oraid. initially, 
inerecang as needed and tolerated {not for use on 6 


ths). 
how Supplied: For oral. administration, Valium scored 
fablets—-2 mg, white; 5 mg. yellow: 10 pma blue 
bottes of 100 * and 500;* Prescription Paks of 50, avail- 
able in trays of 10” Tal-E-Dose $ a o of 100, avail- 
able in trays of 4 raverse-numbered boxes of 25," and 
in boxes containing 10 strips of 10." 
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What is CARDIOLOGY 1982? 


The second in an annual series to be published:in the 
SPRING each year 


@ A review of the year’s newest and most important 
ee in Seek — 665 i papers 


arth fade onan n A search of the year S 
iterature 
„A unique, cohesive summary of the state-of- the-art, 





developments in the field 


® A practical approach to a complicated and fast-moving 
subject designed to be read and used daily : 


CARDIOLOGY: 1982 is NOT 


@ A collection of unrelated reviews 
è An abstracting service 
@ A rehash of materials readily available elsewhere 
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277 Epicardial and Endocardial Activation in Patients With Endocardial Cushion Defect 
ROBERT M. CAMPBELL, MACDONALD DICK II, PAUL HEES, and DOUGLAS M. BEHRENDT 


Examination of epicardial and left ventricular endocardial activation in 5 patients with endocardial cushion defect 
during surgical repair revealed an abnormal pattern of activation. Epicardial activation began at the diaphragmat- 
ic left ventricle surface and spread anterolaterally along the left ventricle, merged with right ventricle wave 
fronts, and then ended along the right ventricle anterior atrioventricular groove and outflow tract. Left ventricle 
endocardial activation also occurred earliest at the diaphramatic left ventricle segment with subsequent activa- 
tion recorded laterally and anteriorly. This study demonstrates correlation between the pattern of left ventricle 
epicardial and endocardial activation, which is in accord with the known posteroinferior displacement of the spe- 
cialized atrioventricular conduction system in patients with endocardial cushion defect. 


282 Atypical Fallot’s Tetralogy With Doubly Committed Subarterial Ventricular Septal Defect. Diagnostic 
Value of 2-Dimensional Echocardiography 


HORACIO CAPELLI and JANE SOMERVILLE 


Five patients with Fallot’s tetralogy and doubly committed subarterial ventricular septal defect were correctly 
identified by 2-dimensional echocardiography before cardiac surgery. The short-axis view at the cardiac base 
from parasternal position best demonstrated the position of the defect in relation to the aortic, pulmonary, and 
tricuspid valves. By contrast, biplane angiography suggested the erroneous diagnosis of double outlet right ven- 
tricle with pulmonary valve stenosis in 3. This report emphasizes the importance of the preoperative diagnosis 
of this variant form which requires an outflow patch enlargement across the pulmonary ring although it frequent- 
ly appears as a case of mild Fallot’s tetralogy. 


286 Supraventricular Tachycardia in Infants: Use of the “Diving Reflex” 


VELIO SPERANDEO, DANIELE PIERI, PASQUALE PALAZZOLO, MARIO DONZELLI, and 
GIUSEPPE SPATARO 


The effectiveness of the ‘‘diving reflex” in treating paroxysmal supraventricular tachycardia in 10 infants aged 
<6 months is demonstrated. The authors encountered no complications (rhythm disturbances), even when the 
maneuver was performed in patients who were receiving digitalis. The water temperature should be 5°C and the 
total time of facial immersion 6 to 7 seconds. We felt that the diving reflex must be considered as the first thera- 
peutic approach in infants aged <6 months with paroxysmal supraventricular tachycardia. 


288 Impact of 2-Dimensional Echocardiography on the Management of Distressed Newborns in Whom 
Cardiac Disease Is Suspected 


MARY J. RICE, JAMES B. SEWARD, DONALD J. HAGLER, DOUGLAS D. MAIR, ROBERT H. FELDT, 
FRANCISCO J. PUGA, GORDON K. DANIELSON, WILLIAM D. EDWARDS, and ABDUL J. TAJIK 


Forty consecutive sick newborns presenting with probable congenital heart disease were reviewed to determine 
the impact of 2-dimensional echocardiography in their management. Two-dimensional echocardiography cor- 
rectly identified the major cardiac malformation in all cases. Only 40% of patients with congenital heart disease 
required cardiac catheterization in the neonatal period, and 43% of these procedures were primarily therapeutic 
(that is, balloon atrial septostomy). Forty-four percent of the patients treated surgically went directly to operation 
without preoperative catheterization. Two-dimensional echocardiography permits accurate noninvasive ana- 
tomic diagnosis of congenital heart disease in the newborn. Two-dimensional echocardiography thus expedites 
clinical management and reduces the need for cardiac catheterization. 


293 Rest and Exercise Ventricular Function in Adults With Congenital Ventricular Septal Defects 


GEORGE JABLONSKY, J. DAVID HILTON, PETER P. LIU, JOHN E. MORCH, MAURICE N. DRUCK, 
BEN-ZION BAR-SHLOMO, and PETER R. McLAUGHLIN, With the technical assistance of 
KATHY M. WINTER 


Rest and exercise right and left ventricular function were compared in 19 normal control subjects and 34 pa- 
tients with ventricular septal defect using gated radionuclide angiography. The patients were classified into 3 
groups: (1) those with shunts closed at an early age; (2) patients with Eisenmenger complex; and (3) those with 
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5 persistent small uncorrected shunts. Alt study patients failed to have an inorease in ejection i fraction i in both\ ven- 
_ tricles on exercise as compared with the control subjects. It is concluded that (1) surgical correction failed to 

normalize ventricular function in patients with ventricular septal defect, (2) patients with Eisenmenger complex 
and abnormal resting left and right ventricular. function, and (3). even patients with small shunts had.an abnormal a 
response to exercise, raising the possibility that chronic ventricular volume overload, even to a small degree, 
may be detrimental to ventricular function. 


































99 Q Prognosis of Symptomatic Coarctation of the Aorta in Infancy 
PETER S. HESSLEIN, HOWARD P. GUTGESELL, and DAN G. ` MCNAMARA. 


Medical and surgical advances have improved the outlook for infants with symptomatic coarctation of the aorta. 

in-order to help predict the clinical course of individual patients and aid in individualizing their treatment, a 10- 
year experience with this condition was. reviewed. Of 97 infants with symptomatic coarctation, 10 had isolated ` 

defects. In these patients, medical treatment was successful and surgical intervention could be postponed to 
allow for growth. The 87 other patients with associated cardiac defects were generally sicker at presentation A 
and required earlier operation. Eleven of these died before surgical correction, 10 died at the time of repair, and. 
43 died later. The overall survival rate after 8 years was 62% , with most deaths occurring in the first 6 months _ 
: cof life. Late surgical results are flawed by a 32% rate of residual coarctation. Late postoperative hypertension 

_is uncommon, and usually attributable to a residual coarctation. 
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305 Equilibrium Radionuclide Gated Angiography in Patients With Tricuspid Regurgitation 


BRUCE HANDLER, DAN G. PAVEL, RAYMOND PIETRAS, STEVEN SWIRYN, ERNEST BYROM; - 
WILFRED LAM, and KENNETH M. ROSEN 


` Equilibrium gated radionuclide angiography was performed in 2 control groups (15 patients with no organic heart 
disease and 24 patients with organic heart disease but without right- or left-sided valvular regurgitation) and in 
9 patients with clinical tricuspid regurgitation. The regurgitant index was significantly lower in the tricuspid regur- 
gitation group than in either control group. A: hepatic expansion fraction using time-activity variation over the 
liver was significantly higher in the tricuspid insufficiency group than in either control group. Fourier analysis was - 
used to generate amplitude and phase images. Ail-patients in the tricuspid insufficiency group had > 100 pixels 
over an area corresponding to the liver on the amplitude image. These pixels were of phase comparable to that 
of the right atrium and approximately 180° out of phase with the right ventricle. In contrast, no patient in the 2 
control groups had any pixels in an area corresponding to the liver. In conclusion, patients with tricuspid regurgi- 
tation were characterized on equilibrium gated angiography by an abnormally low regurgitant index, reflecting 
- increased right ventricular stroke volume, increased hepatic expansion fraction, and increased. amplitude of: 
count. variation over the liver in. phase with the right atrium. a 


“The Apex Impulse in Mitral Stenosis: Graphic Explanation of the Palpable Movements at the Cardiac 
Apex 
2 JON FLOYD, PARK w. WILLIS iv, and ERNEST CRAIGE 






To analýze the coiriplex palpable. movements at the cardiac apex in mitral stenosis, the noninvasive. graphic re 
ords of 39 patients were ‘Studied retrospectively. Each patient had predominant mitral stenosis confirmed by car- 
diac catheterization. The simultaneously recorded apex- and phonocardiograms showed that a notch.on the up- on 
stroke of the apex impulse, coincident with the first heart sound, occurred in 18 cases (47%). The notch ratio _ 
or vertical distance from the onset of the apical impulse to the notch was calculated as a percentage of the total 
upstroke. Statistical analysis showed a significant relation (r = 0.61, p <0.01) between the notch ratio andthe _ 
mean mitral. diastolic gradient. This graphic measurement of the extent of delay of the first heart sound with Te. 
z Specht to the onset, of the Ne apica thrust can provide a rough measure of the seventy of valvular obstruc lon 
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(chlorthalidone USP) 
BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema 
Contraindications: Anuria, hypersensitivity to chlorthalidone 
r other sulfonamide-derived drugs. Warnings: Should be 
ised with caution in severe renal disease, impaired hepatic 
unction or progressive liver disease. May add to or potentiate 
the action of other antihypertensive drugs. Sensitivity 
ctions may occur in patients with a history of allergy or 
ichial asthma. There is a possibility of exacerbation or 
Activation of systemic lupus erythematosus with thiazides 
hich are related to chlorthalidone. This has not been 
eported with chlorthalidone. Thiazides cross the placental 
arrier and appear in cord blood. Use in pregnant women 
requires that the anticipated benefits of the drug be weighed 
against possible hazards to the fetus. These hazards include 
tal or neonatal jaundice, thrombocytopenia, and possibly 
er adverse reactions which have occurred in the adult. In 
19 mothers, thiazides cross the placental barrier and 
ast milk. If use of the drug is essential, the 


e imbalance should be performed at appropriate 

All patients receiving chlorthalidone should be 
signs of fluid or electrolyte imbalance 
ia, hypochloremic alkalosis 

Serum and urine electrolyte determinations 





and hypokalemia 


excessively or receiving parenteral fluids. Medication such as 
digitalis may also influence serum electrolytes. Hypokalemia 
may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis 
is present, or during concomitant use of corticosteroids or 
ACTH. Interference with adequate oral electrolyte intake will 
also contribute to hypokalemia. Digitalis therapy may 
exaggerate metabolic effects of hypokalemia especially with 
reference to myocardial activity. Any chloride deficit is 
generally mild and usually does not require specific treatment 
except under extraordinary circumstances (as in liver disease 
or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather. Hyperuricemia may occur 
or gout be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, 
decreased, or unchanged and latent diabetes mellitus may 
become manifest. Chiorthalidone and related drugs may 
increase the responsiveness to tubocurarine. The 
antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. Chlorthalidone and related drugs 
may decrease arterial responsiveness to norepinephrine 

If progressive renal impairment becomes evident, as 
indicated by a rising nonprotein nitrogen or blood urea 
nitrogen, a careful reappraisal of therapy is necessary with 
sonsideration given to withholding or discontinuing diuretic 


serum PBI levels without signs of thyroid disturbance 
Adverse Reactions: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis; dizziness, 
vertigo, paresthesias, headache, xanthopsia; leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia; 
purpura, photosensitivity, rash, urticaria, necrotizing 
angiitis (vasculitis) (cutaneous vasculitis), Lyell’s syndrome 
(toxic epidermal necrolysis). Orthostatic hypotension may 
occur and may be aggravated by alcohol, barbiturates or 
narcotics, Other adverse reactions include hyperglycemia 
glycosuria, hyperuricemia, muscle spasm, weakness, 
restlessness, impotence. Whenever adverse reactions are 
moderate or severe, chlorthalidone dosage should be reduced 
or therapy withdrawn. Usual Dose: One tablet daily. 

How Supplied: Tablets—100 mg. (white, scored), 50 mg 
(aqua) in bottles of 100, 1000 and 5000; 25 mg. (peach) in 
botties of 100 and 1000; unit-dose blister packs, boxes of 
100 (10 x 10 strips) 
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: Coronary Vascular Reserve in Left Ventricular + Hypaiteophy Secondary to Chronic Aortic fegurgiiation 
“AUGUSTO D. PICHARD, HARRY SMITH, JAMES HOLT, JOSE MELLER, and RICHARD. GORLIN 


Coronary vascular reserve in 11 patients. with left ventricular hypertrophy secondary to chronic aortic regurgita- 
¿ation was analyzed by looking at the hyperemic reaction induced in the coronary flow by the selective coronary 

_ injection of contrast agent. Compared with a control group, patients with hypertrophy had increased coronary 
«flow at rest and decreased coronary reserve. This decrease is proportional to the increase in teft ventricular 
mass; left ventricular wall thickness and not left ventricular volume is the critical component of left ventricular 
mass related to the decreased coronary reserve. 


: Regurgitation of Prosthetic Heart Valves: Dependence on Heart Rate and Cardiac Output 


KEVIN C. DELLSPERGER, DAVID W. WIETING, DEBRA A. BAEHR, ROBERT J. BARD, 
JEAN-PIERRE BRUGGER, and EARL C. HARRISION 


Prosthetic heart valves exhibit closure and leakage backflow; however, no well-controlled study to evaluate the 
influence of factors such as cardiac output and heart rate on backflow have been reported to date. Four clinically. 
used prosthetic aortic valves (size 27 mm)—-St. Jude Medical, Björk-Shiley Spherical Disc, Bjérk-Shiley. Con- 
vexo Concave, and Start-Edwards model 1260—were studied in the aortic chamber of a pulse duplication sys- 
tem at heart rates of 50,80, 110, and 140 beats/min, cardiac outputs of 2, 4, 6, and 8 liters/min, and mean aortic 
"pressure of 100 mm Hg. Percent regurgitation. varied directly with heart rate and inversely with cardiac output. 
‘Regurgitation associated with prosthetic heart valves may present a problem clinically, particularly under condi- 
tions of low cardiac output and tachycardia. 


; MISCELLANEOUS TOPICS 


329 Noninvasive Detection of Active Pericardial Bleeding Using Cardiac Blood Pool Scintigraphy 
TIMOTHY M: BATEMAN, RASHID MASSUMI, RICHARD J. GRAY, AURELIO CHAUX, 
“MICHELE A.-DeROBERTIS, DAVID E. BROWN, JACK M. MATLOFF, and DANIEL S. BERMAN 


The diagnosis of active pericardial bleeding has traditionally depended upon an invasive documentation by nee- 
‘dle aspiration, angiography, or direct inspection. Nuclear techniques that allow the localization of labeled eryth- 
rocytes may have considerable utility i in the detection of active pericardial hemorrhage. In vitro technetium-99m 
labeled red blood cell scintigraphy performed in 2 patients before and again just after the development of hemo- 
pericardium revealed unique images in which acute pericardial bleeding was manifested by an additional blood 
pool adjacent to and surrounding the cardiac chambers. With appropriate attention to technical factors, such dis- 
tinctive images should be highly specific for active bleeding into the pericardium. 


32 : Assessment of the Cardiac Effects of. Hemodialysis With Systolic Time intervals and 
< Echocardiography 


ABRAHAM BORNSTEIN, WILLIAM H: GAASCH, and JOHN HARRINGTON 


Using externally recorded systolic time intervals and echocardiography, the acute effects of hemodialysis on left 
ventricular function were studied in 10 patients. The major hemodynamic change associated with dialysis was 


ventricular contractility. 

_ Normal Left Atrial Function Determined by 2-Dimensional Echocardiography 

: > JACK GUTMAN, YIN SHI WANG, DENNIS WAHR, and NELSON B; SCHILLER 

; To obtain normal values for left atrial function ngnieivaisiveli the volumes of the left atrium and ventricle were : 
` calculated in each of 52 volunteer subjects by means of 2-dimensional echocardiography. A light pen digitizing 
“cand computation system, controlled by a microprocessor, was used to outline the left atrium and ventricle in or- 
fied Simpson's rule formula was used. The mean (+ standard deviation) end-systolic left atrial volume was. 37 


or 13.5 £4.3 mi/m?, which represented 37 + 12.9% of left ventricular ‘stroke volume: The mean fractional Hey 


5 values are similar to Those e reponed | in studies which calculated left atrial function from contrast angiography. 





a decrease in stroke volume due to a decrease in preload. Dialysis was also associated with an increase in left 


= thogonal apical views. Then, to calculate end-systolic and end-diastolic. atrial and ventricular volumes, a modi- es 
+ 11.7 mi or 21 +-6.6 mi/m?. The change in left atrial volume from end-systole to end-diastole was 244 7.6m _ 


= emptying of the left atrium was 65 + 8.9% and the conduit volume was 41 £ 14.0 ml or 23 +.7.9 mi/m?. These a 
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ELECATH... . Leading the way 
in PACING CATHETERS 


most widely used... widest selection 
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ODE® 


For Placement without Fluoroscopy 
BALECTRODE® Balloon Flow-Directed Pacing Kit 


@ The only major manufacturer of Balloon Flow-Directed pacing prod- 
ucts to offer non-corroding platinum electrodes to assure optimal 
physiological response, and to prevent the migration effect seen in 


Sy BALECT! 
SS stainless steel electrodes. 
: @ Two French sizes are available: 3 French (KBE1) and 5 French 


TORKFLOAT™ ki (KBE2) for various patient physiological requirements. 


@ Complete sterile kit, consisting of an introducer, shielded EKG 
adapter, and vented syringe for exact, accurate balloon inflation. 


TORKFLOAT™ Semi-Floating Pacing Kit 
With 1:1 Torque Response 
@ The only major manufacturer of semi-floating pacing products to 


offer non-corroding platinum electrodes to assure optimal physio- 
logical response. 


© Complete kit includes pacing catheter with centimeter markings, 
introducer and sterile shielded EKG adapter for artifact-free EKG 
tracing, for confirmation of placement. 


à For Placement with Fluoroscopy 
> TORKPACE™ Standard Pervenous Pacing Probes 


@ Platinum electrodes to assure optimal physiological response. 
© Hybrid inner core design provides a semi-flexible catheter tip for 
better flexibility for permanence of position and safety. 


For Emergency Pacing 


PACE-JECTOR™—The Unique Dual Purpose Pacing And 

Intracardiac Medication System (11-KPJ1) 

@ Direct electrical stimulation and/or pharmacological manipulation of 
the unresponsive myocardium is immediately available. 

@ The pacing stylet is pre-loaded for simple intraventricular placement. 


DAVISON ™ — Emergency Transvenous Pacing Lead (11-KTFD) 
© Capture achieved as soon as the proximal electrode emerges from 
the introducer sheath. 


© Platinum electrodes located 19cm apart assure conduction system 
stimulation regardless of catheter tip position in the ventricle. 











The only major 
manufacturer of 
temporary pacing catheters 
offering a family of 
non-corrosive platinum electrodes. 








ELECTRO-CATHETER CORPORATION X 


2100 FELVER COURT, RAHWAY, NEW JERSEY 07065 U.S.A. ECATY ones 


Complete family of precision cardiac catheters and instrumentation for temporary pacing and 
hemodynamic monitoring. 


For the name of your nearest distributor, call: (800) 526-4243 In N.J. (201) 382-5600 TELEX: 138171 


a £ 
SRE E] 
er es 


TENER A Y 


bee) one 

















: Myocardial Function in Rocky Mountain in Spotted Fever: Echocardiographic J Assessment 
JOSE MARIN-GARCIA and FRED F. BARRETT 


z Rocky Mountain spotted fever i is a serious infectious disease. that continues to occur with increasing incidence 
in various areas of the United States. A high case-fatality ratio (7 to 11%) persists despite availability of ade-. 
quate chemotherapeutic agents. ‘Cardiac involvement may play an‘important role in the final outcome in some 
cases. Nine children with Rocky Mountain spotted fever underwent echocardiographic examination on admis- 
“gion to. a children’s hospital. Increased left ventricular dimension was found in 2.and abnormal left ventricle func- 
tion indexes in 7. One patient died and diffuse myocarditis was seen at autopsy. Abnormal echocardiographic 
findings remained in 3 patients at follow-up (mean 10 months). Awareness of the cardiac involvement in Rocky 
. Mountain spotted fever Boe and close follow-up warranted. © 


4 "Mechanisms for Decreased Exercise Capacity After Bed Rest in Normal Middie-Aged Men 


JOSEPH HUNG, DANIELLE GOLDWATER, VICTOR A: CONVERTINO, JAMES H. McKILLOP, 
MICHAEL L. GORIS, and ROBERT F. DeBUSK 


Echocardiographic and radionuclide studies in 12 healthy middle-aged men after 10 days of bed rest disclosed 

decreased left ventricular end-diastolic volume but increased exercise heart rate and left ventricular ejection 

fraction, so that peak oxygen uptake during supine effort did not decrease. significantly after bed rest. These 

mechanisms were insufficient to compensate. for the reduced cardiac volume in the upright position, and peak 

oxygen uptake during upright effort decreased significantly after bed rest. These results indicate that the major 

cause of reduced effort tolerance after prolonged bed rest in normal middle-aged men was orthostatistically in- 
_ duced cardiac underfilling, not physical deconditioning or left ventricular dysfunction. 


ə Cardiac Performance in Thyrotoxicosis: Analysis of 10 Untreated Patients 


ABDULMASSIH S. ISKANDRIAN, LESLIE ROSE, A-HAMID HAKKI, BERNARD L. SEGAL, 
and. SALLY A.. KANE 











The purpose. of this study was to define the cardiac performance at rest and during exercise in 10 patients with 
untreated thyrotoxicosis. Resting left ventricular function was normal in all patients, but the exercise ejection 
fraction response was abnormal in-3.of 10 patients. Thus, abnormal left ventricular reserve function during exer- 
cise can be. detected in 30 percent of patients with untreated thyrotoxicosis. 
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Clinical _. 
versatility 
redefined. 


The TOSHIBA SSH-40A Cardiac Phased 

Array Sector Scanner brings new meaning to 

linical versatility. The SSH-40A offers superb 
image quality, extensive computational capability, 
and the ability to perform a wide variety of exami- 
nations. It incorporates advanced technological 
developments such as: Automatic Electronic 

ocusing, the field’s first Two Dimensional Gate 
Array Doppler, and a very powerful on-board 

omputer. From neonates tò adults, from standard 

iews to special flow studies, from simple imaging 
o functional calculations, the new SSH-40A is 
truly a new generation in phased array. 


You expect new innovations from TOSHIBA. 
e're the Total Imaging Company with over 
12,000 ultrasound scanners in use throughout 
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‘coronary heart disease within 6 years. 
Adapted from Coronary Risk Handbook: Eetinaine risk of coronary heart 
disease in daily practice. 1973, American Heart Assoc., Inc. 











Consider the Risks 


= When selecting antihypertensive 
therapy, clinical consideration should 
be given to the effects of the specific 
drug on coronary risk factors. Blood 
pressure control should be achieved 
| ff without adversely affecting blood 
eee TTT Me lipids. 
EP =ø Minipress Effectively 
F rai 7E Controls Hypertension 
ii j SE HHE Without Adverse Effect 

= Sette on Blood Lipids! 

Peete HHE = Minipress effectively treats 
A HEETE Fe hypertension. Patients have benefited 

an TEET HE TETEE 4 


aes from the effectiveness of Minipress 
in over 5 years of clinical use in this 
country.!° 


_ = Minipress has been shown not to 

| have an adverse effect on blood lipids, 
T according to The Oslo Study and other 
* reports.*? Because Minipress lowers 

~ high blood pressure and does not 
produce lipid changes which are 
potentially atherogenic, it provides 
your patient with a net reduction in 
risk. 


tMinipress is not indicated for the 
treatment of hyperlipidemia. 


Please see Minipress brief summary on following page. 


~ Minipress 
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‘SUMMARY. ‘ 

; MIN PRESS® (Prazosin hydrochioji ide CAPSULES For ral Use `. : 
“INDICATIONS: MINIPRESS® (prazosin hydrochloride} ts indicated in the 
treatment of hypertension. As an antihypertensive drug, itis mild ta moderate 
in activity 1H can be used as the initial gent or it may-be employed ina -> 
general ireatment program in conjunction with a diuretic and/or other 

: ey tensive drugs as needed tor cl tient response. 
hy rochionde) may pas cause 

most cases 


INGS: MI ness s3 prne prazosin 


syncope with sudden 
delleved to ba due fy fej riae spoaterel lesssteneies afio, 
` occasionally the scopa ep has teen 
bout of severe tachycardia heart rates of RO- 


heats 
minute. Syncopal fa neh Pave maily occurred: within a te. 


beon reported n'a iation with ra ams eresas 
`. heen association 
Introduction of te romano a 


another a 
taking high doin of INIPRESS (p pe deed 
Incidence of syncopal episodes is approximataty % in patie 
: he inestona has fe day sup als conducted 
he a tavostigationai this that 
n be minimized by limiting the dose of an 
tol pag ty. 7 subsaguaniiy increasing a dosage slowly, and by 


regimen cin’ cantion (3 (see DOSAGE AND A MINISTRATION). 
J ansion may develop in patients given MIN 


Hypot may INIPRESS who are aizo 
recaiving a beta- lockar buch As arene 
it syncope occurs, the patient should be placed in the recumbent position 
and treated supportively as necessary This adverse effect is self-limiting and 
in most cases does nol recur after the initial period of therapy or during 
subsequent dose titration. 
Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride), The 2 and § mg capsules are not indicated for 
initial therapy. 
More common than loss of consciousness.are the symptoms often 
iano with fowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
a verse effects and advised what measures to take should they develop. The 
patient should alsa be cautioned fo avoid situations where i mee could result 
should syncope occur during the initiation of MINIPRESS (prazesin 
Portronnler de) therapy. 
Usage in Pregnancy: Aithough no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (praoels hydrochloride) in 
pregnancy has not been established. MINIPRESS (prazosin hydrochloride) is 
hot recommended in pregnant women unless the potential benefit outweighs 
potential ik to tomater and fetus, 
Usage in Chi ; No clinical experience is available with the use of 
MINIPRESS g prazosin hydrochi joride) in children, 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%. 
palpitations 5.3%, and nausea 4. 9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no decrease 
indase of drug. 
+ The following reactions have been associated with MINIPRESS (prazasin 
; hydrochloride), some of them rarely. {in some instances exact causal 
“relationships have not been established. ) 

byl vomiting, diarrhea, constipation, abdominal discomfort 
“andor pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported, in 
these. instances, the exact causal relationship has not been established 


< ii Because the baseline observations were frequently inadequate. 


_ wtnemore specific slit-lamp and funduscopit studies, which included 
adequate baseline Som marion, no drug-related abnormal ophthalmological 
findings have been reporte: 

DOSAGE AND AD INISTRATION: The dose of MINIPRESS (prazosin 

: hydrochloride) should be adjusted according to the patient's individual bloog 
Pressure response. The following is a guide to its administration: 

ane Doss: img mo a three times a day (See Warnings.) 
Maintenance sage may be slowly increased toa ina daily dose 
of 20 mg gy ven in ied. doses. The therapeutic dosages most commonly 
employed have ranged irom 6 mg to 15 mg daily given in divided. doses. 
Doses higher than 20.mg usually do nat increase efficacy, however i few 
patients may benefit from turther increases up to a daily dose of 40 mg given 

.ithadivided-doses. After initial titration-some patients can be maintained 

; ade pately on-a twice daily dosage regimen. 

th x When adding a diuretic or other antihypertensive 

agent, the dose of MINI BESS {prazosin hydrochloride) should be reduced 
te} an of 2 mo three times a day and retitration then carried out, 

D: MINIPRESS (prazosin. vhydrochloridej i i$ avaliable] in img 

Mow rn 2 mo (pink and white #437). capsules in bottles of 250, 1000, 

and unit dose institutional packages of 100 (10 x 10's); and 5 mg (blue and 

white #438) capsules in bottles of 250, 500. and unit dose institutional 

~ packages of 100 i x 10's), 

More detailed information available on request. , 
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MYOCARDIAL 


REVASCULARIZATION 


MEDICAL AND SURGICAL ADVANCES IN 


CORONARY DISEASE 


The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recem international Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. H is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 


Myocardial Revascularization 
features the latest on: 


E Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


E Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 


W New Calcium Blocking Drugs 


W Cardiac Benefits of Coronary 
Rehabilitation Programs 


E Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 


Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCAA3 
Please sent me: anne 
__..... Copies MYOCARDIAL REVASCULARIZATION « $55.00 


EI Enclosed is my check for . Yorke pays postage and 
handling (same return privilege). New York residents add appropriate 
sales tax. Add $5.00 per book for orders outside the U.S. and Canad 


L] Please bill my CI VISA [2 MasterCard (same return privilege) 
Expiration date 
Card H omaoma MIC Interbank # z 
[i Please bill me plus postage and handling (U.S. and Canadian orders only). Š 
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j echocarthe graphic studies were performed in 
atients referred for evaluation of cardiac rhythm 
disturbances at 24 to 40 weeks’ gestation. After 
-dimensional echocardiographic study of cardiac 
ucture was performed, M-mode echocardiograms 
ere analyzed for measurement of cardiac rate, 
ventricular contraction sequence, atrioven- 
lar valve motion, and duration of postectopic 
ses. Arrhythmias | were diagnosed in 59 patients. 

4 patients with isolated ectopic beats, the ar- 
hmia resolved during later pregnancy in 26 or 


the past few years, echocardiographic imaging 
niques have been applied by several groups inter- 
‘in the detection of structural heart disease in 
1-5 There have also been isolated reports of cardiac 
hm disturbances detected by these techniques. We 


malformations i ina prospective study of patients 
. at higher than norta] risk for such abnor- 
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within the first 5 days of life i in 8. Six patie 

mild sinus bradycardia and 8 had frequent 
pauses; all 14 had. resolution of the arrhyt 
during pregnancy. Sustained arrhythmias occurre 
in 11 patients. Deaths occurred when there wa 
associated fetal congestive heart failure (hydrop: 
fetalis), structural heart disease, or both. M-mod 
echocardiography diagnosed supraventricula 
tachycardia in 3 fetuses. The echocardiogram 
used thereafter for mannoring transplacental digo 
therapy. 


the diagnosis ofin utero gidin arriyvihimninn: i 6 
report expands our discussion of the use of ultras 
for the diagnosis of fetal cardiac rhythm disturb i 
and the use of M-mode and real-time fetal echoca 
ography for monitoring in utero antiarrhythmic 

as illustrated by our experience with 71 patienti 


~ Methods - 


Seventy- -onè patiehts at 21 to 40 weeks of gestati 
referred by their obstetricians for evaluation of abnorm 
cardiac rates or rhythms, or both. ‘These included fetuse: 
regular heart rates >180 beats/min or <100 beats/min o 
with irregular rhythms. Rhythmic variations of a regul ; 
representing sinus arrhythmias, or transient accelerations ¢ 
decelerations during labor of an otherwise regular rhythm 
considered normal. The pormal fetal heart rate varies f 


; 120 to 160 brots min 1516. 





















































FIGURE 1. Supraventricular premature contractions demonstrated on 
an M-mode echocardiogram performed at the mid-ventricular level in 
--arnid-trimester fetus. Three premature contractions are demonstrated. 
The mitral valve is seen within the left ventricular (IV) cavity. Presystolic 
atrial activity is reflected by the presence of A waves (straight arrows) 
of the mitral valve. These precede the premature ventricular responses 
which are represented by premature movement of the left ventricular 
- posterior wall (curved arrows). RV = right ventricle. 


‘Mark III, a Picker 80 CI, or a Diasonics CardioVue 100 2- 
dimensional cardiac sector-scanner with a 3.5 or 5.0 mHz 
transducer. After 2-dimensional echocardiographic analysis 
_of fetal cardiac structure was performed and the rate and 
regularity of the cardiac rhythm were grossly evaluated in 
eal-time, a simultaneous or sequential M-mode study, or 
both, were performed by stopping the motion of the me- 
chanically swept transducer in the desired location. The 2- 
_dimensional scan is indispensible for providing structural 
information regarding the heart and for defining the axis in 
which the M-mode study is performed. T:wo-dimensionally 
“directed M-mode echocardiography, due to its rapid sampling 
rate and ability to obtain a hard copy of the tracing, demon- 


TABLE | 


Fetal Arhiythinias in 58 Patients _ 
Arrhythmia 
Self-Limited 


Supraventricular ectopic beats 32 
Ventricular ectopic beats 2 
Sinus bradycardia 6 
Sinus pauses 8 
Subtotal 48 


Sustained 





"Patients (n) 














Atrial flutter 2 
Supraventricular tachycardia 2 
Complex arrhythmia 1 
Complete heart block 2 
Supraventricular ectopic beats 2 
Sinus bradycardia 1 
Subtotal 10 





strating cardiac motion as a function of time, is well suited for... 
evaluation of cardiac rhythm disturbances.!” By allowing... 
evaluation of atrioventricular contraction sequence, septal” 
motion pattern, postectopic pauses, and atrioventricular valve 
motion, the site of origin of a premature contraction may be 
suggested. Premature supraventricular beats are usually 
preceded by demonstrable A waves before premature valve 
closure (Fig. 1), whereas in ventricular premature contractions + 
the premature beats frequently precede atrial depolarization, 
therefore aborting mitral A waves during that cardiac cycle 
(Fig. 2). The postectopic pause may be suggestive (but not 
diagnostic) of the site of the origin of premature contractions 
(Fig. 3). In complete heart block, the atrioventricular disso- 
ciation may be demonstrated by examining atrioventricular. _ 
valve‘ motion which shows A waves which “march through”. 
mitral valve closure points without a fixed relation between: 
these events (Fig. 4).113-14 The relation between atrial wall 
motion, atrioventricular valve motion, and ventricular wall © 
response rate can be used to diagnose varying degrees of sec- 
ond-degree atrioventricular block (Fig. 5). 


Results 


Satisfactory M-mode and real-time studies were 
obtained in all of the patients examined. A satisfactory 
M-mode study allowed accurate evaluation of fetal _ 
heart rate and the regularity of the cardiac rhythm. _ 
Fetal M-mode echocardiograms were compared to | 















FIGURE 2. Ventricular premature contractions (VPC 
seen on an M-mode echocardiogram performed at the 
mid-ventricular level in a mid-trimester fetus. The pr 
mature contraction is reflected by the presence of an 
early undulation of the left ventricular posterior wall (bold 
arrow). The mitral valve is seen within the left ventricular. 
cavity. With this ventricular premature contraction, the | 
premature beat preceded atrial depolarization, aborting 
mitral A-wave activity during that cardiac cycle. The 
postectopic pause is compensatory. LV = = ventricle: 
“RV = right ventricle. 





URE 3. M-mode echocardiographic scan at the mid- 
ventricular jevel in the same patient depicted in Figure 
: At this time, the patient who had shown evidence of 
isolated supraventricular ectopy has developed atrial 
erminy. The atrial premature beats (curved arrows) 
appear coupled to the preceding normal beat. LV = left 
ventricle; RV = right ventricle. 


FIGURE 4. M-mode echocardiographic scan at the level of the left ventricle at 28 weeks’ gestation. A slow and regular idioventricular rate of 45 

to 50 beats/min is reflected in the undulations (v, curved arrows) of the interventricular septum (IVS). Atrial contractions (a, straight arrows) cause 

regular undulations of the mitral valve (MV) at a rate of approximately 120 to 130 beats/min. There are brief episodes of atrial flutter at a rate of 
00 beats/min. The atrial activity bears no fixed relation to the idioventricular rhythm. This patient had complete heart block. 


postnatal electrocardiograms in the patients who had 
ythmias persisting beyond delivery, thus confirming 
rhythmia interpretation in these cases. A satis- 

tory 2-dimensional scan allowed structural analysis 

e 4 cardiac valves and the interventricular and in- 

itrial septa. Fifty-nine of the 71 patients were doc- 
ented to have rhythm disturbances at the time of the 
jocardiographic study. Of these 59 patients, 48 had 
isolated premature beats, sinus pauses, or periods of 
bradycardia (Table I). Thirty-two patients were thought 
_to have supraventricular ectopy (Fig. 1) and 2 had iso- 
lated ventricular premature contractions (Fig. 2). Six 
etuses had regular bradycardia with heart rates of 90 
to 100 beats/min in the absence of uterine contractions, 
1 fetus had a bradycardia of 60 beats/min. Sus- 

ained arrhythmias were noted in 11 patients: 2 with 
mplete heart block, 1 with complex supraventricular 


and ventricular arrhythmia, 2 with atrial flutter, 3 with 
supraventricular tachycardia, the 1 patient with severe 
sinus bradycardia, and 2 patients with isolated supra- 
ventricular ectopic beats. 

All patients discussed herein were subsequently de- 
livered. Twenty-five of the fetuses with isolated ectop 
beats (including 1 with atrial bigeminy (Fig. 3) and 1 oi 
the 2 thought to have ventricular ectopy) demonstrated 
resolution of the arrhythmia before delivery. Eight 
patients had isolated atrial premature contractions and 
1 patient had isolated ventricular premature contrac- 
tions that spontaneously resolved on Holter monitoring 
by the fifth day of life. Two patients continued to hav. 
isolated supraventricular ectopy on discharge from th 
nursery. One has had resolution of the arrhythmia on 
Holter monitoring at 6 months of age; 1 continues to 
have isolated junctional ectopic beats.at.age 6 months. 





The arrhythmias of the 6 patients with mild bradycar- 
dia (90 to 100 beats/min) and the 8 patients with sinus 
pauses all resolved during gestation. 
Table II summarizes the clinical information from our 
patients with sustained fetal arrhythmias, In the first 
hild found to have complete heart block (Patient 7) 
iagnosis was obtained by M-mode echocardiography 
t 28 weeks’ gestation.! That child was followed 
‘oughout pregnancy and did well in the 3 years since 
birth, requiring no therapy for the persistent heart 
ock. After diagnosis, a maternal history and serologic 
tudies consistent with a diagnosis of systemic lupus 
erythematosus were documented.!9:20 
_» Several of the patients with sustained arrhythmias 
had associated nonimmune hydrops fetalis, structural 
heart disease, or both, as described i in an n earlier report 
from our laboratory.” 7: = 


FIGURE 5. Atrial flutter with 2:1 atrioventricular block in: 
a third-trimester fetus. The transducer beam was oriented: 
from posterior to anterior in this fetus, who was oriented © 
in an occiput anterior presentation. Rapid and regular 
atrial contractions are reflected on the posterior wall of. 
the aorta (Ao, open arrows) at an atrial rate of 360 
beats/min. The interventricular septum (straight arrows) 
and atrioventricular valve (AVV) respond to every other 
atrial contraction, resulting ina ventricular rate of ap- 
proximately 180 beats/min. (The AVV is the tricuspid 
valve.) 


FIGURE 6, M-mode echocardiogram at 
the ventricular level in a third-trimester . 
fetus. This fetus had been noted earlier: 
in gestation to have isolated supra- 
ventricular premature contractions. On 
this scan, 2 self-limited episodes of- 
supraventricular tachycardia are re- 
flected in rapid undulations (bold ar-: 
rows) of the atrioventricular valve 
(AVV). The first burst of tachycardia is... 
of 5 beats’ duration, the second burst of 
3 beats’ duration. This fetus developed 
a protracted episode of supraventric- 
ular tachycardia later in gestation.2 | 


Fetal or immediate neonatal wastage was. encoun. 
tered when there was associated evidence of congenital 
cardiac malformation, severe hydrops fetalis, or bot: 
This was the case in Patient 8, who was diagnosed as 
having complete heart block (Fig. 4) with associated 
isolated levocardia and congestive cardiac failure. 
Postmortem examination confirmed these diagno: 
in addition to polysplenia.”! ue 

Patient 6 had a chaotic rhythm with associated te 
tralogy of Fallot and polyhydramnios that was attrib- 
uted to cardiomyopathy. This child died on the fifth day — 
of life due to intractable ventricular arrhythmias. 

Patient 1 was stillborn after the diagnosis o i 
flutter with high-grade atrioventricular block and hy- 
drops fetalis was established. Due to the high de ; 


atrioventricular block and the resulting ventri 


hradycaria, x we had hoped tocontrol the rhythm with 
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_ FIGURE 7. External fetal heart rate monitor recording from an hydropic 
fetus at 35 weeks’ gestation. A regular rate of 125 beats/min was 
suggested. 





_ FIGURE 8. M-mode echocardiogram at the mid-ventricular level in the 
same fetus as in Figure 7. The cardiac rhythm is actually supraven- 
| tricular tachycardia at 250 beats/min. P.Eff = pericardial effusion. 


oroko: therapy, electrical cardioversion, or both. 
The latter was successful in treating Patient 2, who, 
while also hydropic, had only 2 to 1 atrioventricular 
‘block (Fig. 5). 

` Patient 3 was initially evaluated due to auscultation 
of an irregular fetal cardiac rhythm. At the first exam- 
ination, we noted frequent supraventricular ectopic 
‘beats with a protracted episode of bigeminy and several 
short (3 to 4 beat) runs of tachycardia (Fig. 6). Ten days 
ater, a protracted episode of tachycardia was noted with 
evidence of early congestive heart failure (pericardial 
-_effusion).22 Due to the extreme degree of prematurity, 
we elected to treat the arrhythmia through the admin- 
istration of digoxin to the mother.?3-26 Within 48 hours, 
the paroxysmal tachycardia and associated effusion had 
resolved, although atrial ectopic beats did persist. 
Within 1 week, however, the rhythm was completely 
normal and remained so until 39 weeks’ gestation when, 
against medical advice, the mother discontinued di- 
_goxin. The neonate had frequent atrial ectopic beats at 
[i and had multiple episodes of supraventricular 
tachycardia that were eneaknaliy controlled with di- 
 goxin and ae ie ee 
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TABLE II Clinical Profiles of Fetuses with Sustained Feta 


Arrhythmias 





Gesta- j yee 2 
tional eee 
Pa- Age ots 
tient (mo) Arrhythmia Clinical Data Outcome 4 
1 34 Atrial flutter Polyhydramnios; Stillbirth pe 
with 5:1 and hydrops fetalis Pre | 
6:1 AV n 
block aT 
2 38 Atrial flutter Auscultated Cesarean section; 
with 2:1 tachycardia; successful DC 
AV block polyhydramnios; cardioversion; — 
ane Shas fetalis alive & well = 
3 27 Atrialectopy, Auscultated Successful 
bigeminy, arrhythmia; transplacental — 
& sustained fetal digoxin therapy 
ST pericardial until 39th 
effusion (early week; alive & — 
HF) on well ) l 
ultrasound i 
4 35 ST Fetal tachycardia Successful 14 
auscultated transplacental — 
digoxin therapy; 
alive & well 
5 335 FST Fetal tachycardia No reponseto 
auscultated; transplacental | 
popr sears digoxin & — | 
ydrops fetalis propranolol; 
cesarean j 
delivery with — 
DC a 
cardioversion _ 
and drug 4 
therapy; alive — 
X and well | na 
6 28 Complex Polyhydramnios; Cesarean deli 
arrhythmia hydrops fetalis; 31 weeks, i 
fetal echo: tetralogy of 
tetralogy of Fallot (cath); 
Fallot ventricular 
arrhythmias; 
death at 5 days 
7 28 Complete Fetal bradycardia Term birth; alive & 
heart auscultated; well 
block structurally 
normal heart 
8 28 Complete Polyhydramnios; Premature (34 
heart hydrops fetalis; weeks) birth; 
block isolated polysplenia 
levocardia; AV syndrome; 
canal defect death at 10 min 
9 34 Supraven- Arrhythmia Term birth; atrial 
tricular auscultated ectopic beats 
ectopic persist; alive & 
, beats well 
10 32 Supraven- Arrhythmia Term birth; atrial 
tricular auscultated ectopic beats 
ectopic persist; alive & 
beats well j 
11 33 Sinus brady- Polyhydramnios; Premature 
cardia hydrops fetalis; delivery; death 
dilated left at 30 min; 
atrium and coronary artery 
ventricle embolus with 
myocardial 
infarction 


AV = atrioventricular; cath = cardiac catheterization; CHF = con- 
gestive heart failure; DC = direct current; echo = = echoes 
ST = supraventricular tachycardia. 


Transplacental therapy with digoxin and propranolol 
failed to control the supraventricular tachycardia in 
Patient 5. This patient was delivered at 35 weeks’ ges- 
tation due to increasing hydrops fetalis. The child had 
sinus riven wi KER atrial ectopic beats at birth 
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soon developed reentrant supraventricular tachy- 
cardia at 250 to 260 beats/min. This was controlled, with 
iculty, with direct-current countershock, digoxin, 
d verapamil. Over the first 24 hours of life, the ar- 
ythmia was controlled and the child underwent vig- 
orous diuresis. This child has recovered uneventfully 
and is receiving digoxin and propranolol maintenance 
rapy. The fetal cardiac rhythm was best demon- 
rated by M-mode echocardiography. Fetal heart tones 
his polyhydramniotic woman were difficult to dis- 
‘and the external fetal heart rate monitor suggested 
he fetal heart rate was a regular 125 beats/min 
g. 7), while the echocardiogram correctly demon- 
ated the rate to be twice that (Fig. 8). 
‘etal electrocardiography provided information re- 
arding ventricular depolarization in 2 cases; however, 
trial depolarization could not be detected against the 
ackground “noise” and the maternal electrocardio- 
ram, }8:27-39 













































Discussion 


‘etal cardiac rhythm disturbances are usually first 
uspected on the basis of auscultatory findings. Due to 
the inability of transabdominal fetal electrocardiograms 
o demonstrate atrial depolarization, this technique is 
unfortunately of limited value in the analysis of cardiac 
hythm disturbances. The external fetal heart rate 
monitor, while accurate for regular rhythms in the 
ormal” range, may be inaccurate in the presence of 
tal tachyarrhythmias (Patient 5). 
‘The echocardiographic studies just described provide 
noninvasive means of diagnosing rhythm disturbances 
id also provide a method of monitoring the response 
‘the fetal rhythm to in utero therapy.” The use of 2- 
mensional echocardiography in tandem with M-mode 
-hocardiography allows analysis of associated struc- 
ural cardiac abnormalities, may locate the appropriate 
planes for M-mode study,*° and may be used for the 
detection of associated fetal congestive heart failure.” 
Our initial studies are consistent with those of pre- 
vious workers who have suggested that isolated ectopy 
in the fetus is almost always self-limited and carries a 
avorable prognosis. 1162841 Further study through 
pregnancy is warranted, however, due to the possibility 
that an isolated ectopic beat could trigger a reentrant 
tachyarrhythmia.!°.? Sustained arrhythmias carry a 
ore ominous prognosis, particularly if associated with 
tructural heart disease or in utero congestive heart 
lure (hydrops fetalis), or both. 
supraventricular tachyarrhythmias associated with 
congestive heart failure,24*2-5! when encountered early 
gestation with evidence of pulmonary immaturity,°? 
-an and should be controlled with transplacental di- 
oxin therapy.'523-26 Propranolol may be reserved for 











or, alternately, in the presence o 
congestive heart failure, bradyrhyt 








atrioventricular 






block, premature delivery and elect 

cardioversion or pacemaker therapy may be prefer- 
able. a a : : l B 
The fetal echocardiogram, by providing information 
on heart rate as well as atrioventricular conduction and 
cardiac structure, may provide diagnostically and 
therapeutically useful information. The use of this tool 

for serial noninvasive monitoring of cardiac rhythm may: 
increase the efficacy and safety of in utero therapy with 
antiarrhythmic agents. 


Acknowledgment: We acknowledge the advice and as- 
sistance of George Lister, Jr., MD, the secretarial support of. 
Donna Landorf, and the support of our colleagues in Neona- 
tology and Obstetrics and Gynecology, Yale University School 


of Medicine. 


References 


1. Kleininan CS, Hobbing JC, Jaffe CC, Lynch DC, Tainer. NS. Echocardio- © 
graphic studies of the human fetus. Prenatal diagnosis of congenital heart 
disease and cardiac dysrhythmias. Pediatrics 1980:65: 1059-1067. Sa 
Kleinman CS, Donnerstein RL, DeVore GR, Jaffe CC, Lynch DC, Berkowitz: i 
RL, Talner JS, Hobbins JC. Fetal echocardiography for evaluation of in utero a 
congestive heart failure: a technique for study of nonimmune fetal hydrops... 
N Eng! J Med 1982:306:568-575. Bs 
3, Allan LD, Tynan MJ, Campbell S, Wilkinson JL, Anderson RH. Echocar- 
diographic and anatomical correlates in the fetus. Br Heart J .1980;44: 
4. Allan LD, Tynan MJ, Campbell S, Anderson RH. identification of congenital: < 
cardiac malformations by echocardiography in midtrimester fetus. Br Heart 
J 1981;46:358-362. ` 
5. Lange LW, Sahn DJ, Allen HD, Goldberg SJ, Anderson C, Giles H. Quali- 
tative real-time cross-sectional echocardiographic imaging of the human 
tee during. the second half of pregnancy. Circulation 1980;62:799- 
6. Baars AM, Merkus JMWM. Fetal echocardiography: new approach to the 
study of the dynamics of the fetal heart and its component parts. Eur J Obstet 
Gynaecol Reprod Biol 1977:7:91~100. we 
7. Leandro L Blandon R, Acuna EL. Echocardiogratia fetal en et 20 y 3er tri- 
mesire de gestacion. Rev Med Panama 1978;2:1-15. ao 
8, Crowley D. Combined (2-D) and M-mode echocardiographic evaluation o 
fetal arrhythmia (abstr). Pediatr Res 1980; 14:442. ee 
9. Hackeloer BJ. The value of combined real-time and compound scanni 
nme eco of fetal heart disease. Contrib.Gyneco! Obstet 19796 
40. Harrison NA. “Missed beats” in a fetus—a case report. S Afr Med 
1986:57:330-332. oe 
41. Henrion R, Aubry JP. Fetal cardiac abnormality and- real-time ultrasount 
ay h case of ivemark syndrome. Contrib Gyneco! Obstet 1979:6. 
122, meni 
12. Kelley MJ, Jaffe CC, Kleinman CS. Cardiac Imaging in Infants and Childre: 
Philadelphia: WB Saunders, 1982:424-428. ina 
43. Madison JP, Sakhum P, Williamson D, Campion B. Echocardiography ; 
fetal heart sounds in the diagnosis of fetal heart block. Am-HeartJ 


98:605-509. : : Pe 
EW, Cohen SM. Prenatal ultrasonic detectio 





2 





































44. Silver TM, Wicks JD, Spooner 
of congenital heart block. AJR 4979;133:546-547. i a 
45. Kallfelz HC. Cardiac arrhythmias in the fetus-—-diagnosis, significance ar 
prognosis. In: Godman MJ, Marquis RM, eds. Paediatric Cardiology, vol: 
Wadi aaa in the: Newborn. Edinburgh: Churchill Livingstone, 19) 





20. Reid RL, Pancham SR, Kean WF, Ford PM. Maternal and neonatal imp! 
cations of congenital complete heart block in the fetus. Obstet Gyne! 
1979:54:470-474. ani 

21. VanMierop LHS, Gessner IH, Schiebler GL. Asplenia and. polysplenia 
syndrome. in: Bergsma D, ed. Congenital Cardiac Defects--Recent Ad- 
vances. Birth Defects 1972;8:74-82. ee Be 

22. DeVore GR, Donnerstein RL, Lynch D, Kleinman CS, Hobbins. JC. The 
diagnosis and significance of fetal pericardial effusion using real-time-di- 
rected M-mode echocardiography (abstr), Proc. Ann Meet AIU! 98 

23.. Kielin AM, Holzman IR, Austin EM. Fetal tachycardia prior t y 

“coment of hydrops attempted: pharmacologic cardioversion 

in J Obstet Gynecol 1979; 134:347-348. 

burger JW, Keane JF. intrauterine s 





































i al cardioversion of intrauterine supraventricular 

ia wi Eeo Laar 1980:2:393-395. 
JT, Kargos JJ, Sikka A, Spisso KR, Natarajan N, Rosenfeld D, 
aman S, Korn D. Successful treatment of fetal congestive heart failure 

c y to tachycardia. N Engl J Med 198 1;304: 1527-1529. 

Larks SD, Longo L. Fetal electr showing cardiac malformation, 
melung Peart block. JAMA 1960; 173212 17-1219, 
tates and rhythms prior to labor. Am J Obstet 

Gynecol 1967:99:7 1-78, i 
Blumenthal S Jacobs JC, Steer: CM, Williamson SW. Congenital atrial 
of case documented by intrauterine electrocardiogram. 















rouskop RW, Brown EG, Reed G, Vasquez H. 
heart block diagnosed during intrauterine fetal moni- 
Gynecol ee 0:1115~1117 

Poemi a nA, Pozeshk B, Shar M. The 

aphy in ih AA of intrauterine 
necol: 976; 126:2 


ropriate Ses rees aha ale. Obetet "Gynecol 1976;48: 


rigan Jt, Acerra D, LaMagra R; Hoeveler dJ, Chandra N. Fetal cardiac 
rhythmia durig phar om d Obstet Gynecol 1977; ete 693-695, 
omaromy: añ pe: ‘etal mia dur’ ‘egnancy and 
labor, Br J Obstet Gynecol 1977:84: “402 496. mE $ 

3 Sugarman RG, Rawlinson KF, Schitrin BS. Fetal arrhythmia. Obstet Gynecol 
36. Garite TJ, ‘Linzey EM, Froeman RK, Dorchester W. Fetal heart rate patterns 
and: fetal distress in fetuses: with: congenital. anomalies. Obstet Gynecol 
 1979:53-716-720.. 

Shenk kor I L. Fetal cardiac arrhythmias, Obstet Gynecol Surv 1979:34: 


K, Kat M, plein SA. intrapartum fetal cardiac arrhythmias. Obstet 
eir iro DeSousa L, Lima M, Telles E. Foetal dysthythmias. 


ssoc Eur Pediatr Cardiol 1972;8: 15-16. 
Vore a GR, Donnerstein RL, Kleinman cs, Platt Lo, Hobbins JC. Fetal 

















., Gleicher N, Brown E, Chitkara Ù, 





 Bernstine RL, Winker JE, | Fetal bi 
‘Am J Obstet Gynecol 1968: 101:856-857. 3 

42. Gillette PC. The mechanisms of supraventricular tach 
Circulation 1976;54:133-140, ; 

43. -Reygaerts J. Un nouveau probleme de cardiologie foetale: la 
auriculaire "in utero,” Obstet et Gynecol 1959;58:208-219. 

44, Levkoft AH, Perinatal outcome of paroxysmal tachycardia of the 
with onset in utero: Report of 2 cases; review of the literatur 
ipeortoer a re ial approach to fetal tachycardia. Amd Obst 

$ ' p 




























Valerius NH, Jacobsen JR. Intrauterine 
Obstet Gynecol Scand 1974;57:407-410. 
50. Sehramar RL, Hurwitz RA, Rosnfld CA, Mior W Ava 


























52. ds Ott rw ne mer ‘Anderson GG, 
gnosis of the arin distress. syndrome by amnioc 

ognor anaco T 1971;109: oo. é 
53. Elbschitz |, Abinader A, Shari M: Intrauterine. diagnos 
a Jetal ventricular arth during labor. Obstet 


54. Teascher A, Bossi E, Imhot P Erb E, Stocker. FB, ‘Weber A 
propranolol on fetal. aa in diabetic ‘pregnancy. Am 
1978; AZ: 304-307.: 









\ssessment of Ventricular Size and Function in Congenitally 
orrected Transposition of the Great Arteries : 





MD, MARK D. PARRISH, MD, ROBERT J. BOUCEK, Jr., MD, 
ES A. BREITWESER, MD, SANDRA THOMPSON, RN, 
MD, and GOTTLIEB C. FRIESINGER, MD. 


HOMAS P. GRAHAM, Jr., 
(OBERT C. BOERTH, MD, JAM 
OSE M. ROBERTSON, MD, JOHN R. MORGAN, 













































Twenty-four quantitative cineangiographic studies tant aitte : 
ere performed in 19 patients with congenitally considered. With exclusion of 2 patients with hy- 
rrected transposition of the great arteries to as- poplasti 
ss right and left ventricular size and function. Ages formed 
nged from 7 days to 44 years and associated le- 
ons included ventricular septal defect (13 of 19); 
ilmonary stenosis (9 of 19), and systemic (tri- initely low RVEF and 10 
uspid) valvular insufficiency (7 of 19). Systemic limit of normal. In children, syste 
natomically right) ventricular end-diastolic volume ventricular pump function is usua 
as within normal limits in most patients and aver- genitally corrected transposition of the great arteries 
ed 119% of predicted normal. Pulmonary (ana- and any deviation from es 
ically left) ventricular end-diastolic volume also ventricular hypoplasia or 
as normal in most patients, averaged 112% of After childhood, systemic 


redicted, and was not different from systemic is more common and may ref 
anatomic right ventricle to function as the systemic 


right) ventricular end-diastolic volume. Systemic 
entricular ejection fraction (RVEF) averaged 0.61 pumping chamber over a normal lifetime in most _ 
- 0.02 and was not different from pulmonary ven- patients with congenitally corrected transposition | 
sular ejection fraction (LVEF) (0.65 + 0.02), but of the great arteries. E 











































\Ithough quantification of ventricular size and function the patient's right side (assuming normal atrial situs. 
n congenitally corrected transposition of the great ar- levocardia). The left atrium receives the pulmon: 
eries can be useful in assessing clinical status both venous return and is connected to the systemic (an 
efore and after operation, angiocardiographic deter- tomic right) ventricle through a tricuspid valve. The 
nation of ventricular volumes and ejection fractions systemic ventricle is located on the patient’s left and is 
this condition has been reported previously in only. connected to the aorta, and the anatomic left ventricle 
tients.! In congenitally corrected transposition of is connected to the pulmonary artery. Thus, the an 
at arteries there is discordance between the atrial tomic right ventricle functions as the systemic pumping 
mtricular connections and between the ventric- chamber. Frequently, there are associated defects, ir 
ar and great arterial connections. Thus, the right cluding ventricular septal defect, pulmonary stenos 
rium is connected through a mitral valve to the pul- and tricuspid regurgitation as well as partial or com] 


onary (anatomic left) ventricle which is situated on heart block. 
ee ean een Clinically evident systemic ventricular dysfuncti 


in congenitally corrected transposition of the great ar 
teries is rare until adulthood when congestive he 
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Age —s Weight. "° LVP © RVP 

















y) (kg) (mm Hg) (mm Hg) 
44 74/10 74/14 
24 68/14 80/15 
2.0 78/9 86/11 
11.9 95/6 100/10 
45 80/6 125/15 
ALT 54/4 95/12 
9.1 110/5 110/5 
15.4 120/5 120/5 
13:3 35/7 110/12 s 2 
26.9 38/3 100/10 pes 
6 14.6 100/3 105/6 A a82 NA 
14.7 66/10 85/12 BB 88 SRZ 
3.7, "46.6 32/5 106/10 11 95. 1.00. 
4.6 44 113/8 108/10 NA 71 0.73 
46 18.9 100/6 100/6 92 76 1.200 
TT 27,0 38/4 110/8 ot ne 93 9.00 
92° -32.0 34/8 119/16 23 eee) 4,00 
177 61.5 105/13 106/13 TB 100 2.3 
18.0 68.5 100/15 100/15 100 290. 60.8 
18.0 60.0 100/15 135/28 0 NA ERO 
18:5 64.0 90/23 115/40 0 93 0 E 
19.8 63.7 63/7 160/12 149 82. 0.6. 
23.0 49.9 40/2 130/10 1 OF. gto 
44.0 65.0 125/15 155/30 ; NA RO Moderate TI an 
ee 82 + 8/ 104.5 93.4 90+ EES 
81 1342 12. EEr ETI 





$ aortic insufficiency; 2° HB = second-degree heart block; 3° HB = third-degree heart block; LV-PA pulmonary artery: to LV wei p 
ent; LVP = left (pulmonary) ventricular peak systolic/end-diastolic pressure; PA Bd = = pulmonary. artery banding; PAt = pulmona 
‘pacemaker; PS = pulmonary stenosis; Qp/Qs = pulmonary/systemic flow ratio, RVP = right (systemic) ventricular peak systolic/eni 


Sure; shunt = 







: formance i in: congenitally corrected transposition of 
e great arteries but also could be useful for comparison 
1 the large number of patients with complete 
ınsposition of the great arteries who have undergone 
traatrial repair. 
hese patients the right ventricle also functions as 
e systemic pumping chamber, and right ventricular 
function has been reported in such patients.+-6 
e purpose of this investigation was to determine 
ic and pulmonary ventricular volumes and 





on fractions during diagnostic cardiac catheter- 


ion in patients with congenitally corrected trans- 
on. of the great arteries using quantitative 
angiocardiographic techniques and to attempt to 
-these variables to other hemodynamic abnor- 


“Methods 


patients studied: at. Vanderbilt Hospital from 1971 
1981 were included in the study. Data were obtained 
ostic catheterization. Nineteen patients were studied, 
its studied on 2 occasions for a total of 24 studies 
_ Ages ranged from 7 days to 44 years. Pressures were 
ed with fluid-filled catheters with zero referenced to 
hest. Oxygen saturation was measured by reflectance 
y and Qp/Qs ratio calculated in patients in whom the 
nary artery could be entered. 
atient data and hemodynamics are shown in Table I. 
en (68%) had ventricular septal defects, 9 (41%) had 
ind 1 had pulmonary atresia at a pre- 


Blalock-Taussig shunt: SEM = standard error of the mean; Sys O; = systemic oxygen saturation: T= 
tricular valvular) insufficiency; TVR = tricuspid valve replacement; VSD = ventricular septal defect. 




















satan (syst 


heart block at the. initial didy witha ventricular P ii 
at thesecond study. The remaining patients were in 
rhythm with either a normal or a a prolonged. P-R in 
Tricuspid insufficiency was present in 7 patients | 87% 
was graded by the following angiographic criteria. 
cuspid insufficiericy was defined as minimal atrial opa 
tion during systemic ventricular angiocardiography with 
of only part of the atrium and clearing of contrast wit 
3 beats. Moderate tricuspid insufficiency was defined as fi 
the entire left atrium with clearing of contrast within 
beats. Severe tricuspid insufficiency was defined as 
opacification. of the left atrium ‘and pulmonary vein 
did not clear completely during 5 beats. With these er 
1 patient had severe tricuspid insufficiency, 4 had m 
tricuspid insufficiency, and 2 had mild tricuspid insuffi 
(Table I); In addition, 1 patient (Patient 18) had tri 
valve replacement 16 years before the present sti 
patient (Patient 16) had significant aortic insufficienc 
before and after tricuspid valve replacement. Clinical cyan 
was present in 4 patients: with mild desaturation i in2 
tional patients. 
In this report left ventricle refers. to the anat i 
(pulmonary) ventricle and right vehtricle refers t 
tomic right (systemic) ventricle. Left ventricular pe 
pressure was elevated when compared with no: 
(pulmonary) ventricular pressure in all but 5 patie 
5 patients had pressure near the 1 upper limit of normal (32 to 
40 mm Hg). End-diastolic pressure in the pulmonary vei 
was 212 mm Hgi ind patients, and end- diastolic pre 


Riek and left ventricular volume. determinats 
pero ; emie, r amoa oren, techniq 









® "Hypoptostic" Rv 
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0 0.20 0.40 0.60 0801.00 1.20 1.40 1,60 1.80 2.00 
BODY SURFACE AREA (M2) 
RE 1. Right {systemic} ventricular end-diastolic volume (mi) as a 
on of body surface area. The shaded area indicates the 95% 
lence limits for patients previously studied with normal. right. 
cles (RV). Triangles indicate patients. with associated lesions. TVR 
uspid valve replacement. 


ary ventricle’ and Simpson’s rule method for the systemic 
ticle.. All data were calculated during sinus rhythm, and 
ric or immediate postectopic beats were not used. In 20 
e 24 studies, angiograms were suitable for analysis of both 
‘icles. In 4 ‘studies, only right ventricular angiograms were 


n and in 3 of these studies a magnification grid was not. 


so that only ejection fraction data were available: Two 
mts with hypoplastic right ventricles! are included in the 
hic analyses and in the tables but were excluded from the 
stical analyses as indicated in the results. = 
ymparison of right and left ventricular data from patients 
aom both were available was performed by paired ¢ test 
p <0.05: considered the lower level of significance: Linear 
assign analysis was performed to determine correlates of 
diastolic volume and ejection fraction in terms of age, 
ee of shunt, and degree of cyanosis. 


Results 


gure 1 shows systemic ventricular end-diastolic 
me asa function of body surface area, with normal 
es from previous data? shown for comparison. 
‘teen of 21 studies (62%) are within the 95% confi- 
limits of normal. Three patients have values 












have been reported on previously as examples 


rate to severe tricuspid insufficiency. — 

i Figure 2, systemic ventricular end-diastolic volume 

as a percentage of predicted normal? with pa- 

rrouped by the major hemodynamic lesion or 

at the time of study. Four patients had i insig- 
: pad aoe 









AGIAN IVANUYON HOS 
SLINI JONJQIINOO %S6 


RIGHT VENTRICULAR END - DIASTOLIC VOLUME (% NORMAL} z 


„cording to: nermocynamie lesions. BAL. = 


-replacement 16 years previously. At the time of th 


yormal; all have ventricular septal defect plus. 
monary. stenosis and 2 (indicated. by circled. 


astic systemic ventricles.! Five values are in- 
ind all of these patients had ventricular septal 
ith large systemic to pulmonary shunts or 
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FIGURE 2. Right (systemic) ventricular. end-diastolic volume. as a - 


function of percentage of predicted normal for patients grouped ace 
balanced; L= left; PS =~ 
pulmonary stenosis; R = right; VSD = ventricular septal defect; S.E.M. ` 
= standard error of the mean, TI = tricuspid: insufficiency; X: = 

mean. hae 





























dient 17 to 22 mm n He), 1-had mild triedspid insuffi 
ciency, and a 23 year old girl had had tricuspid val 


study, she had no tricuspid insufficiency and no sig: 
nificant wedge to right ventricular end-diastolic pres- 
sure gradient. These patients had normal volumes. - 

The second group shown in Figure 2 had ventricular 
septal defects with large left to right shunts, and 4 of 
patients had a large systemic ventricle. 

The third group of patients had ventricular septal 
defect plus pulmonary stenosis with a balanced shunt 
resulting in no significant cyanosis, defined here as a 
systemic oxygen saturation 285% (range 85 to 100%, 
mean 93%). Three of 4 patients have normal-sized right 
ventricles and 1 patient has a’small chamber, 63% of th 
predicted normal size. The fourth group in Figure 
consists of patients with ventricular septal defect plus 
severe pulmonary stenosis resulting in clinical cyanos 
and a systemic oxygen saturation <82% (range:71.to 
82%, mean 76%). These patients have normal or smal 








TABLE i Comparison of Pulmonary and Systomic Voki 
_ Variables in Patients for Whom Both Varia 










NRT ; “419. ‘it : 





End-diastolic volume © 





(%: of normal) ; 
Ejection fraction 0, 65 + 0. 02. “0. 61+ 0. 02 





1 Excluded from comparison were 2 patients with a hypoplastic right 
ventricle, 2 studies performed within 6 months after: open heart surgery, 
es in 3 patients with: no left ventricular angiograms a 

+t standard arrar fhe moan LV = left (pulm 
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GURE 3. Left t (pulmonaty) veniricula ‘end-diastolic t AP 
lume as a function of percentage of predicted normal. w o : Ga eo cS 
) normal range indicates the values for patients with 7 02040608 2466 2461 


rmal left ventricles. RV = right ventricle, INFANTS (YR) CHILDREN (YR) ADOLESCENTS (YR). sours 


tricles, with the 2 patients with hypoplastic right small systemic ventricle and to the pulmonary 
icles previously reported! shown here. The fifth temic shunting, with the left ventricle supplyin 
) consists of 2 patients with significant tricuspid of the systemic output. In addition, these pati 
ficiency. These patients have markedly enlarged chronic, severe pressure overload which als 
nitricles, as would be predicted: = contributed to the left ventricular enlargement. 
igure 3 shows pulmonary (anatomic left) ventricular Table H shows a comparison of left and righ 
-diastolic volume plotted as a percentage of pre- diastolic volumes in 17 studies in 14 patients in 
ed normal values. Nine patients who ranged in age both variables could be calculated. The 2 patienti 
infancy to adolescence had definite enlargement hypoplastic systemic ventricles as well as 1 pa 
ne left ventricle. Enlargement appeared to be related studied 4 months after open heart surgery were 
temic to pulmonary shunting at the ventricular cluded from this analysis. Mean values for both 
n 6 patients with Qp/Qs 21.7 in 5 of 6 in whom monary (left) and systemic (right) ventricular volt 
ximetry data were available and with all patients were slightly increased above normal, but compa 
owing clinical evidence of increased Qp. The 2 pa- of the.2 ventricles showed no significant difference 
ts with hypoplastic right ventricles also had en- size. o o 
left ventricles. One of these patients (aged 5) had Systemic ventricular ejection fraction | in all 4 studie 
t pulmonary artery band and 1 patient {aged 19) is shown in Figure 4. The ejection fraction was withi 
severe pulmonary stenosis with systemic hyper- normal limits in 19 of the 24 studies. Only 2 patien 
nd left and right ventricular peak systolic aged <10 years had an ejection fraction less tha 
of 165 mm Hg. Enlargement of the left ven- mal. One child was studied for pulmonary atr 
le in these Patients was undoubtedly related to the ventricular septal defect <6 months after op 
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£5. Right (systemic) ventricular ejection fraction in congenitally 

ad transposition shown for patients aged < 10 years versus those 
17 years. Patients excluded from this figure include those with 
ilastic right ventricle and those with recent open heart surgery. 
lations as in preceding figures. 


y. This child had an open ventricular septal defect 
ioderate tricuspid insufficiency: at the time of 
‘The recent open heart surgery may have con- 
ed to. the low ejection fraction. The only other 
it with a low ejection fraction in the young age 
was the patient with severe hypoplasia of the right 
cle! 

ong adolescents and adults, 3 studiasi in 2 patients 
da low ejection fraction, and 2 additional patients 
n ejection fraction at the lower limit of normal. 
patient with a markedly low ejection fraction was 
id originally at another hospital at 6 years of age 
und to have no hemodynamic abnormalities. He 
n athletic young man in whom signs of severe 
stive heart failure developed when he was 18 years 
, and he was found to have a markedly enlarged 
ventricle and heart block. The tricuspid valve was 
‘ed and a pacemaker implanted. He continued to 
signs of severe congestive heart failure and at re- 
6 months later (at 18.5 years of age) showed a 
ar decrease in the ejection fraction. 

ure-5 compares right ventricular ejection fraction 
ients <10 years of age with that in 5 patients >17 


at the time of study. Again, the 2 patients with | 


ilastic right ventricles were excluded from analysis 
l as 2 studies performed within 6 months 
p ) heart surgery. Younger patients have a higher 
ejection fraction than do older patients, although 
is considerable overlap between the 2 groups. A 
for unpaired data showed a significant difference, 
02.. 
[monary deft) ventricular ejection fraction (Fig. 
s normal in 14 of 20 studies. Low left ventricular 
on fractions were present before and after at- 
ted repair in the 3 year old with pulmonary atresia 
the 19 year old with a small 












3.5 to 8.5 years. 


~ stolice volume and oxygen saturation or age. There was 


right ventricle and : 
SS without poneentally corrected tr 






was greater than norn 


Left and right ventiiotlat ejection fractions (Table n 
H) inthe 17 studies in 14 patients in whom both vari- 
ables could be calculated were not significantly differ- + 
ent. Right ventricular ejection fraction calculated in 20 
patients, including 3.in whom left ventricular studies. 
were unavailable, was 0.58 + 0.02 (mean + standard | 
error of the mean). The latter data again exclude pa- 
tients with hypoplastic right ventricles as well as pa- 
tients with open heart surgery performed in the 6 
months before study. a 

Attempts to determine possible correlations of the oe 
volume determinations and ejection fraction data with 
other variables also were made. No significant linear 
relation was found between right ventricular end-dia 













































a significant correlation between right ventricular a 
end-diastolic volume and Qp/Qs ratio.in patients with 


` no significant tricuspid insufficiency. The r value for 


this relation was 0.645. In addition, the right ventricular __ 
stroke index/left ventricular stroke index calculated 
from the angiographic studies also was compared with 
the Qp/Qs ratio. Again in the same group of patients, the 
correlation was significant: r = 0.648. These data indi- 
cate that right ventricular size and right ventricular/left 
ventricular output ratios do show a significant corre- 
lation with pulmonary blood flow when patients wit 
severe tricuspid insufficiency are excluded from anal 
ysis. An attempt also was made to determine if there 
were significant correlations of right ventricula 
ejection fraction with age, right ventricular end-diastoli 
volume, or systemic oxygen saturation. No significan 
correlations were found using regression analyst 
techniques. 


Bicuda 


Our data demonstrate that the majority of patients : 
up to their young adult years with congenitally corrected. 
transposition of the great arteries have systemic ven- 
tricles that are normal or near normal in size. In addi 
tion, 4 patients with relatively normal hemodynamics. 
showed: values that were well within the norma 
range. 

Patients who.did have abnormalities of volume fel 
into 2 categories. Patients with ventricular septal de 
fects and large systemic to pulmonary shunts as well 
patients with moderate to severe tricuspid (systemic 

atrioventricular valvular insufficiency had large ys 
temic ventricles. Patients with congenitally corr 
transposition of the great arteries plus ventricular s 
defect and large left to right shunts have analo 
hemodynamic loads on the systemic ventricles 
patients with normally related great arteries and 
tricular septal defects who demonstrate left ventri 
enlargement which correlates well with the. degre 
to right shunt.®!° In addition, patients with conger 
corrected transposition of the great arteries plu 
cuspid insufficiency have systemic ventric 
dynamic loads that are analogous. to those of 











. Lett (huiendnary) ieniiteuter ejection fraction 
tients with congenitally ‘corrected transposition of 
great: arteries. Normal ranges for patients with a 
normal left ventricle, RV = right ventricle; $.D. = stan- 


LEFT VENTRICULAR EJECTION FRACTION ee 


dard devi iation. 


teries who have mitral insufficiency and left ventric- 
ar enlargement. 
atients with congenitally ‘corrected transposition of 
reat arteries and ventricular septal defect plus 
nonary stenosis had normal or decreased systemic 
tricular volume. These patients have analogous 
hemodynamics to patients without congenitally cor- 
d transposition of the great. arteries who have te- 
gy of Fallot and who have normal or mildly de- 
sed left ventricular volumes with left ventricular 
showing a direct correlation with pulmonary blood 
w.1112 Finally, 2 of 19 patients (10.5%) showed defi- 
tely small or hypoplastic right ventricles. Both of these 
ents have been reported on previously! and had 
eased pulmonary flow due to pulmonary stenosis 
ulmonary artery banding. A similar degree of left 
ricular. hypoplasia has been reported in tetralogy 
allot.!? 
‘he anatomic left or pultionery ventricle of patients 
ngenitally corrected transposition was also 
or near normal in size in the majority of patients 
ed. Most of these pulmonary ventricles were under 
ressure (Table I). In our laboratory, values for 
nal left or normal: right ventricular end-diastolic 
i\e are not significantly different. In addition, the 
t ventricle in children with high pressure secondary 
monary stenosis is not enlarged.® Therefore, the 
alues for systemic and pulmonary ventricular 
patients with congenitally corrected trans- 
vill be normal or near normal whichever ven- 
hosen for comparison. In this study, only pa- 
h large ventricular systemic to pulmonary 
or hypoplastic systemic ventricles had enlarged 
nary ventricles.. 
e ejection fraction for left (pulmonary) ventricles 
tients with corrected transposition was within 
al limits with 2 exceptions. This value was de- 
d preoperatively i in a patient with pulmonary 
ontinued to be decreased postoperatively. 


patient with severe pulmonary, 
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stenosis had a low left ventricular ejection. fract 
Thus, in the majority of patients with congen 
corrected transposition without ventriculotomy 
severely increased afterload, the ejection fraction « 
pulmonary ventricle was normal. 

Although the systemic or right. ventricular € e 
fraction was normal in most patients, it was abn 
only in 2 of 13 patients (15%) who were <10 years 
but was abnormal in 2 of 6 patients (33%) >17: 
age and at the lower limit of normal in 2 addition: 
patients. Moreover, the 2 children with a low eje 
fraction had a hypoplastic right ventricle and 
open heart surgery, conditions that could explai 
decreased ejection fraction. These data suggest th 
increasing incidence of systemic ventricular dysfun 
may be present in older patients with congeh 
corrected transposition. 

A number of reports have documented adults 
aged 20 to 40 years with congenitally corrected t 
position of the great arteries who present with c 
tive heart failure frequently associated with tr 
(systemic atrioventricular valvular) insuffi 
complete heart block, or atrial arrhythmias, or 
bination of these.” 314-22 Most of these patien 
asymptomatic earlier in life. Our data suggest th 
patients probably have a normal ejection fracti 
childhood which gradually worsens with pro 
deterioration of the systemic ventricle i in adult li 

The contribution of progressive tricuspic 
ciency to systemic ventricular dysfunction 
tally corrected transposition of the great 
unclear. The structure and muscular configu 
the systemic ventricle may predispose to tricuspid 
sufficiency when it is forced to function in the syste 
circuit. Most patients who have isolated mitra 
ficiency and do not have corrected transposit! 
tolerate moderate to severe mitral insufficie 
extended periods before ventricular dysfunction 
The patient in our study who had a normal care 


catheteri ion at 6 years and presented wit 








‘ongestive heart failure at 18. years had the 
f both ventricular dysfunction: as well as tricuspid i in- 
wufficiency between the 2 studies. 

‘These data are of considerable interest. in terms of 
ollow-up study of patients who have had intraatrial 
‘epair | of complete transposition and who also have the 
matomic right ventricle function as the systemic ven- 
ricle after operation. Many of these children have 
stemic ventricular dysfunction on angiographic 
neasurements, and the overall mean value for right 
tricular ejection fraction in patients with no. signif- 
t hemodynamic abnormalities after surgery is ap- 
imately 45%1-623 as compared with the 61% ejection 
‘raction found in this study in patients with congenitally 
:orrected transposition. Thus, the 45% right ventricular 
jection fraction in children with complete transposition 
s clearly abnormal when compared with “nature’s 
nodel” for aright ventricle functioning as the systemic 
dumping chamber. These patients with postoperative 
‘ransposition deserve careful follow-up study to de- 
‘ermine the incidence of clinically significant systemic 
ventricular dysfunction in adolescence and. early 
adulthood and the correlates of such dysfunction, 

_ Several potential methodologic problems arise with 
he studies presented. The ventricular volume data were 
sbtained using angiographic methods that have been 
validated for normal left and right ventricles. Post- 
mortem ventricular casts from patients with congeni- 
ally corrected transposition were unavailable for in 
volume determinations. However, the shape.of the 
monary ventricle in congenitally corrected trans- 
position of the great arteries is similar to that of the 
normal left ventricle, suggesting that the area-length 
method i is applicable. 

_ Right ventricular volume studies have been applied 
in patients with various congenital abnormalities in- 
cluding complete transposition before and after re- 
pair.*-®.28 Comparison of cineangiographic right and left 
ventricular outputs with indicator dilution output in 
such patients shows an excellent correlation, and thus 
an in vivo validation of volume-derived output has been 
performed.’ In addition, we compared angiographic 
tight ventricular ejection fractions with radionuclide 
data in postoperative transposition as well as in con- 
genitally corrected transposition and found an excellent 
correlation (r = 0.98, standard error of the estimate 
+0.03) with no significant difference between the values 
obtained by the 2.methods.”4 
A second potential problem is the use of the ejection 

on asa measurement of ventricular performance. 
ction fraction is determined not only by con- 
le state but also by preload and afterload. In the 
ents with small ventricles in this study, a de- 
ssed ejection fraction could be due to the small vol- 
and would not. necessarily indicate ventricular 
le dysfunction. In the remaining patients with 
normal or increased volume, afterload must be consid- 
ered. Systemic vascular resistance could be calculated 
in 21 of the 24 studies reported. This variable was 



























grea er than the upper. limit of normal in our laboratory - 
ne abnormal _ 
2 units/m?) was 






its/m?) i in only 3 of the 21 studies. 0 
i! 3 








‘in the 23 year old woman who had had tr 


levelopment ; 
replacement 13 years previously. Her ejection fraction __ 
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was slightly above normal. The other 2 values for ele- 
vated systemic vascular resistance were in the 18 year 
old man with a severely decreased ejection fraction (0.26 
and 0.07) in 2 studies. The systemic vascular resistance’ 
at the first. study was 37 and at the second study, 62. 
Because of the patient’s low cardiac indexes (2.0 and 1.0) 
calculated at both studies, these values for systemic 
vascular resistance may be falsely high. At such low 
cardiac indexes, the error in calculation can be consid- 
erable. Nevertheless, this patient’s low systemic ven- 
tricular ejection fractions may have been related in some | 
measure to the elevated systemic vascular resistarice. 
In addition, the decrease in-ejection fraction from 0.26. 
and 0.07 after tricuspid valve replacement may have 
been largely due to the elimination of a low resistance __ 
pathway for systemic ventricular ejection into the left ae 
atrium. Be 
In contrast, only 1 patient had a systemic resistance o 
that was less than our lower limit of normal (<15 © 
units/m?). That patient was a 9 year old girl with severe. 
tricuspid insufficiency and marked ventricular dilation. 
whose ejection fraction was within normal limits. Thus, 
neither an abnormally low nor an abnormally high 
systemic vascular resistance appears to have been re-.. 
lated to the overall results in terms of systemic ven- a 
tricular ejection fraction. ae 
Conclusions: (1) Systemic (right) ventricular.size. 
and ejection fraction are with normal limits in most. 
infants and children with congenitally corrected 
transposition, Patients in this age group who have an 
increase in systemic ventricular size usually have sig- 
nificant systemic to pulmonary shunting or tricuspid 
insufficiency. (2) Evidence suggests that systemic 
ventricular.ejection fraction may decrease with age... | 
Further longitudinal data are needed in this regard. (3) — 
The systemic ventricular ejection fraction is consider- 
ably higher in young patients with congenitally cor- 
rected transposition than in children studied after in- 
traatrial repair of complete transposition of the great 
arteries. This difference implies that other factors such 
as preoperative myocardial hypoxia or intraoperative 
myocardial ischemia may. contribute to the abnorma! 
systemic ventricular function in patients with complete 
transposition. (4) Left (pulmonary) ventricular size an 
ejection fraction are normal in the majority of infani 
and children, Increases in left ventricular size usual 
are associated with ventricular septal defect, hyp 
plastic right ventricle, or a marked increase in ventric 
ular afterload. 
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ie bility to ‘quantitate aortic TAL or mitral 
gurgitation (MR), or both, by radionuclide angio- 
tdiography was evaluated i in children and young 
ults at. rest and during isometric exercise. 
‘gurgitation was estimated by determining the 
tio of left ventricular stroke volume to right ven- 
cular stroke volume obtained during equilibrium 
ntriculography. The radionuclide measurement 
ıs compared with results of cineangiography, with 
od correlation between both studies in 47 of 48 
tients. Radionuclide stroke volume ratio was used 





classify severity: the group with equivocal 


gurgitation differed from the group with mild 
gurgitation (p <0.02); patients with mild regurgi- 
tion differed from those with moderate regurgita- 
in (p <0.001); and those with moderate regurgi- 





tation differed from those with severe regurgitation _ 
(p <0.01). The stroke volume ratio was responsive _ 





to isometric exercise, remaining constant or in- 


creasing in 16 of 18 patients. After surgery to correct 
regurgitation, the stroke volume ratio. significantly — 
decreased from preoperative measurements in all _ 
7 patients evaluated. Results from the present study _ 
demonstrate that a stroke volume ratio >2.0 is _ 
compatible with moderately severe regurgitation | 
and that a ratio >3.0 suggests the presence of se- | 


-vere regurgitation. Thus, radionuclide angiocardi- 


ography should be useful for noninvasive quantita- _ 
tion of AR or MR, or both, helping define the course 
of young: patients with left-side valvular regurgita- | . 
tion. a 





udise catheterization is frequently necessary to 
aluate the degree of MR or AR in children, because 
ese lesions are difficult to quantitate by noninvasive 
athods. Furthermore, it may be helpful to evaluate 
ch patients during drug intervention, during exercise, 
by serial investigations, thus increasing the desir- 
ility for a noninvasive technique. Such evaluation is 
3st important when managing younger patients, in 
10m surgical treatment should be considered at a time 
ven preservation of long-term myocardial function can 
accomplished. However, early surgical intervention 
: these lesions is seldom recommended because valve 
placement i is often required to significantly reduce 
itation. 

Noninvasive laboratory evaluation of adults vith 
lvular regurgitation has recently been supplemented 
echocardiography, exercise testing, and radionuclide 
diography.! -3 The radionuclide technique has 
ul in evaluating systolic pump function, wall 











udy i is to investigate the role of radionu- 
cardiography i in quantitation of AR or MR 


m the Departments of Pediatrics and Radiology, indiana University 
dical School and Harvard Medical School, and the Departments of 
diology and Cardiology, The Children’s Hospital Medical Center, 
1e 9, 198 


rdiology, 126 Ril 
dolis, Indiana 46223 


d regut gitation fraction.*" The purpose of TU patients 1 to 16 years (median 7). The valvular abnor 


-defects in addition to the valvular regurgitation (Table 


ston, Massachusetts. Manuscri received 1 May 3, 1982, repeated! Seven patients were > evaluated by int i angiocar 





in young patients by (1) a comparison of the radionu- _ 
clide estimate of regurgitation with the estimate by _ 
cineangiography; and (2)-an evaluation of possible - 
change in regurgitation during isometric exercise and _ 
after cardiac surgery to. correct regurgitation. a 


Methods 


Patient population: The study group. consisted: of. 4e 
children and young adults referred to the Division of Nuclear 
Medicine at Children’s Hospital Medical Center (CHMC) and 
Riley Hospital for Children at-Indiana University (IU) for 
further evaluation of documented aortic or mitral valve ab- 
normalities, or both, including some degree of regurgitatio 
Patients shown by cardiac catheterization to have intra- 
extracardiac shunting, tricuspid regurgitation, or pulmonary 
regurgitation were excluded. The radionuclide estimate. 
valvular regurgitation was compared with the cineangiogt 

phic estimate; only patients with both studies performed 
within 4 months were included. The age range of th 
CHMC patients was 0.5 to 26 years (median 13) and oft 




































was congenital in 42 patients and rheumatic in 6. At th 
of radionuclide study the aortic valve was predominant] 
volved in 29 patients and the mitral valve in 19. Of the to 
group, 37 patients had previous cardiac surgery and 26 h 


REP ET TT Ea T ie 


diagnosis of AR or MR but no current, confirmatory cardiac 
catheterization; 15 had resting studies included in the initial 
comparison between radionuclide and cineangiographic es- 
timate of regurgitation. 

Radionuclide angiocardiography: All 48 patients had 
estimation of resting left ventricular ejection fraction by gated 
equilibrium ventriculography. At CHMC, red blood cells were 
labeled in vivo using 1 to 2 mg stannous pyrophosphate (Py- 
rolite, New England Nuclear) followed in 20 minutes by 200 
uCi/kg technetium-99m as pertechnetate labeled onto 2 to 3 
ml of the patient’s own red blood cells.® Radionuclide ven- 
triculograms were obtained using an Anger scintillation 
camera and a high-sensitivity, straight-bore collimator slanted 
at 30°. Five minutes after injection of the radiopharmaceu- 
tical, the camera was positioned in a modified left anterior 
oblique projection (30° caudal tilt).? Ten million counts were 
acquired in matrix mode, using a matrix size of 64 X 64 ele- 
ments. Data were acquired on magnetic disk using a standard 
digital computer and nuclear medicine software (PDP 11/34 
and Gamma-11 system, Digital Equipment), with a 15% 
window centered on the technetium-99m photo-peak. Data 
acquisition was gated to the patient’s electrocardiogram. 
Initially, left ventricular ejection fraction was calculated. The 
cardiac cycle was divided into 57 frames, with data acquisition 
triggered by the patient’s R wave. 

The end-diastolic left ventricular perimeter was drawn 
manually, and left ventricular background regions were de- 
fined automatically.!° Briefly, this entails estimation of the 
left ventricular background per cell as the mean counts per 
cell in 3 background regions surrounding the left ventricle and 
calculated on the end-systolic frame. This background value 
was then subtracted from each cell of the end-diastolic and 
end-systolic frames. Occasional changes in background regions 
were necessary to avoid excessive splenic activity, or, in 
smaller children, to keep the “septal” background region out 
of the right ventricular cavity by narrowing the region. End- 
systolic and end-diastolic images were selected from time 
activity curves; these images were derived by adding frames 
(usually 2 or 3) to most closely approximate a summed 50 ms 
interval. 

At IU, red blood cells were labeled in vitro; after withdrawal 
of 2 to 3 ml of the patient’s blood, 200 uCi/kg technetium-99m 
as pertechnetate was labeled onto a small bolus of blood (less 
than 0.5 ml) and then injected. Imaging was performed in a 
left anterior oblique projection to obtain best septal delinea- 
tion. A mild caudal tilt (15 to 20°) was employed. Images were 
acquired with an Anger camera and a medium-sensitivity, 
parallel-hole collimator. Data were collected on a magnetic 
di::k and interpolated to 64 X 64 matrix. Acquisition was ter- 
minated when 1 of the 28 frames from each cardiac cycle had 
250,000 counts. Analysis was performed using commercial 
software programs (Medical Data Systems).!! Semiautomatic 
regions of interest were generated over the left ventricle, and 
background was automatically generated lateral and inferior 
to the left ventricle. From these regions of interest, time ac- 
tivity curves were derived. 

A stroke volume ratio (left ventricular counts to right ven- 
tricular counts) was calculated from activity ejected from each 
ventricle by a similar technique at both institutions. This ratio 
was determined from the stroke volume image and was not 
background-corrected.4~7 The stroke volume image itself was 
obtained by subtracting the end-systolic frame (or frames) 
from the end-diastolic frame (or frames). Separate ventricular 
- regions of interest were then drawn from this image. An at- 
tempt was made to include all right ventricular activity, in- 
cluding the outflow area (Fig. 1). Boundaries could be estab- 
lished with reasonable certainty using the paradox image, 
which provided atrial and great vessel contours by subtracting 
end-diastolic frames from end-systolic frames. Thus, re- 
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TABLE! Associated Lesions in All Patients With 
Radionuclide and Cineangiographic Comparison 





Lesion CHMC IU Total 
AS 4 4 8 
Co A 1 1 
PO AS 8 9 17 
PO AVR 2 2 
PO VSD; AR 2 2 4 
PO MVR 2 3 5 
PO ECD Tihs 10 10 
PO VSD, TGA Far, 1 T 
Total 19 29 48 


AS = aortic stenosis; AVR = aortic valve replacement; Co A = 
coarctation of the aorta; ECD = endocardial cushion defect; MVR = 
mitral valve replacement; PO = postoperative; VSD, AR = ventricular 
septal defect and aortic regurgitation; VSD, TGA = ventricular septal 
defect and transposition of the great arteries (Rastelli procedure). 


maining activity was presumably nonventricular when present 


‘at the upper or outer margin of the cardiac area (ventricular 


aneurysms might also have paradoxic activity). 

The effects of isometric exercise were analyzed in 20 pa- 
tients. A hand-grip dynamometer was constantly squeezed 
at 25 to 33% of single maximal effort for a 2-minute warm-up, 
with the collection of data for 2 to 3 minutes in the same pro- 
jection as that used for the resting study. Count acquisition 
was 20 to 25% of that in the resting study, and provided suf- 
ficient data to allow stroke volume images to be clearly dis- 
cernible in 18 of the 20 patients. Pulse, blood pressure, and 
electrocardiogram were monitored during and after isometric 
exercise. 

Data analysis: Stroke volume ratio, defined as counts 
ejected from the left ventricular region by counts ejected from 
the right ventricular region, was compared with the cinean- 
giographic degree of regurgitation routinely classified by the 
staff cardiologist and radiologist as slight, mild, moderate, or 
severe. This cineangiographic estimate is subjective, being 
based on a visual interpretation of regurgitation. The inter- 
pretation adopted at both CHMC and IU is a modification of 
the classification proposed by Sellers et al,!2 with present 
grading as follows: slight (or trace) has minimal opacification, 
with clearing of the proximal chambers in 1 beat, and may be 
only artifactual; mild has opacification not clearing in 1 cycle, 
is not progressive, but is definitely abnormal; moderate has 
progressive filling of the proximal chamber and is of consid- 
erable significance; severe occurs when the proximal chamber 
fills within 1 or 2 cycles, allowing complete visualization with 
opacity as great as the distal chamber. Individual stroke vol- 
ume ratios were placed into these angiographic classifications, 
with compilation of mean and standard deviations for each 
group. These values were then compared by Student’s t test 





FIGURE 1. Stroke volume image with ventricular regions of interest. 
Note small right ventricular (B) stroke volume activity compared with 
that of left ventricle (A) in a 10-year-old with moderate to severe 
AR. 





` SLIGHT MILD MODERATE SEVERE 


REGURGITATION BY CATH 


E 2 Stroke volume ratio (SVR) plotted against degree of valvular 
jitation assessed by angiography performed during cardiac 
terization (cath); AR and MR = aortic and mitral regurgitation, 
ctively. 


paired dita: When isometric exercise was performed, 
> volume ratios at rest and during exercise were com- 

using Student’s t test for paired data. Regression 
sis was used to test a possible relation between stroke 
1 e ratios and ejection fraction: 


Results 


timate of regurgitation by stroke volume ratio: 
-eight patients had comparison of AR or MR, or 
_ estimated by radionuclide techniques and cine- 
ygraphy. Previously, the left ventricular to right 
‘icular stroke volume ratio in children without 
lar regurgitation was calculated up to 1.4 at CHMC 
g a slant-hole collimator) and up to 1.5 at TUMC 
g a parallel-hole collimator). When classified ac- 


He geod ' “SURGERY oe o POST-oF 


DURATION (MONTHS) 8 








. stroke volume ratio of patients with slight (equivocal) 


ume ratio decreased significantly in each patient (Fig. 


‘when compared with estimation by cardiac cathe 


study children and young adults. Analys 
di 


regurgitation was 1.3 + 0.1; with mild regurgitation, 1.5 
+ 0.2; with moderate regurgitation, 2.6 + 0.4;and with 
severe regurgitation, 3.7 + 1.0. The group with slight. 
regurgitation was not statistically different from our 
patients without regurgitation, but was significantly = 
different from those with definite but mild regurgitation 
(p <0.02). The group with mild regurgitation differed 
from the group with moderate regurgitation (p <0.001); 
the moderate group also differed from the group with 
severe regurgitation (p <0.01). Generally, any patient 
with a stroke volume ratio >2.0 had at least moderate 
regurgitation, . and if the ratio were >3.0, severe regur- 
gitation was likely (Fig. 2). The radionuclide estima 
of regurgitation correlated well with cineangiograpiig 
estimate in 47 of 48 patients, 

Isometric exercise: Isometric exercise resulted i in 
a group heart rate increase of 6. 2% (range 3 to 12), gys- 
tolic blood pressure increase of 14.8% (range 5 to 32), 
and diastolic blood pressure increase of 5.5% (range 0.” 
to 18). Isometric exercise increased mean stroke volume __ 
ratio from 2.5 +.0.8 to 2.8 + 1.0 (p <0.05) in the 18 pa- 
tients. The stroke volume ratio remained constant or 
increased in 16 of 18 patients during exercise. oe 

Effect of surgery: Seven patients (5 with aorticand —__ 
2 with mitral valve disease) were studied before and 
after surgery. One patient had aortoplasty, and: the 
other 6 underwent valve replacement. The stroke vol 









































3). This change could be seen as early as 2 weeks post- 
operatively. _ 


Discussion 


Management of. asymptomatic patients with AR o or 
MR remains imprecise, because the goal is often pre 
ervation of long-term myocardial function. Valve re- 
placement in children is dangerous; during the first 20 
years of open-heart. surgery, aortic or mitral valvi 
placement carried a 30% risk in the pediatric popul 
tion; and current reports cite perioperative morta 
of 10%.!4 Also, progressive valvular obstruction m. 
occur with growth, necessitating repeat valve replac 
ment.!® To lessen the possibility of embolization and t 
necessity for anticoagulation, homo- and heterogra 
valves were considered logical prostheses for childre 
Unfortunately, in a significant number of these valv 
tissue degeneration or calcification developed, especially 
in children. %16 

Accurate noninvasive quantitation of regurgitati 
would help determine an optimal management sche 
for children with aortic or mitral valvular lesions. 
cently, estimation of valvular regurgitation in adult 
radionuclide ventriculography showed good correla 





ization.+7 The radionuclide estimate, based on ve 
tricular count output, correlated well with both he 
dynamic and angiographic estimate of regurgitat 
Therefore, we applied these radionuclide techniqu 


Ae atio ' was used to estimate regur- 













oretically, this ratio should be unity. 
complex right ventricular anatomy, magnified 
left anterior oblique projection, makes it difficult 
accurately image the entire right ventricle. When 
otally eliminating the right atrium, a segment of pul- 
onary outflow may be sacrificed. Also, the extension 
of right ventricle curving posteriorly around the septum 
his projection may be amputated. Normal adults, our 
ients. i nd those in this study with equivocal 
gitation have a stroke volume ratio of 0.9 
stroke volume ratio >1.4 to 1.5 must 
diagnose definite regurgitation. There was 
lap between estimated stroke volume ratios of 
ormal patients and those with slight regurgitation. 
- However, the radionuclide technique was capable of 
identifying those with more significant regurgitation 
and also of providing quantitative classification. Ac- 
- curacy of quantitation appeared similar for patients 
__ with either aortic or mitral valve regurgitation, although 
he smaller subgroups precluded statistical verifica- 
n: 
Overall, there was excellent correlation between ra- 
uclide and cardiac catheterization estimate of 
rgitation in all but 1 patient, who had previous 
rtic valvotomy. He also had a bizarre left ventricle, 
g segment subaortic stenosis, and intermittent atrial 
rillation and was considered clinically to have con- 
gestive heart failure despite a high left ventricular 
ejection fraction determined by both cardiac catheter- 
zation and radionuclide angiocardiography. The in- 
consistency in the estimation of regurgitation was not 
totally unexpected, because previous work has shown 
hat when discrepancy between catheterization and 
adionuclide quantitation occurs, itis usually in those 
atients with arrhythmia or severe congestive heart 
lure. 
Stroke volume ratio was also responsive to apparent 
rgical intervention. ‘Radionuclide evaluation of 7 
perative patients demonstrated significantly less 
egurgitation and correlated with cineangiographic re- 
ts in the 4 patients studied postoperatively by cardiac 
atheterization. A decrease in stroke volume ratio was 
ocumented in 1 patient at the first radionuclide test 
- weeks after surgery. Stroke volume ratio often 
anged before any measurable increase in left ven- 
cular ejection fraction. This alteration in regurgita- 
n before improvement in myocardial function is 
nmon after valve replacement in adults. !7 
ie role of isometric exercise as an adjunct in the 
ation of patients with AR or MR was investigated. 
ally, the stroke volume ratio was sensitive to the 
sed afterload imposed by isometric exercise. After 
ess, the left ventricular ejection fraction significantly 
ased in 2 patients with normal resting values, 
wever, the total group of patients showed no statis- 
relation between resting or stress stroke volume 
io and ejection fraction. This negative relation could 
e pected because resting myocardial function is 
dn patients with left-sided valvular 
e the disease. 18 Despite large 






















































an abuormal ejection fraction dis 
usually severely impaired. Thus, candidate 
might be those whose ventricular function or degre 
regurgitation shows a significant change durin 
studies or in response to exercise, because abnor 
response to stress has been demonstrated in adult: 
quiring valve replacement.'® Furthermore, there ; 
data suggesting that even mild congestive heart fai 
significantly alters the surgical prognosis.” 
The present study demonstrates that radi 
angiocardiography i is safe and effective in 
regurgitation during evaluation of ventricular je 
fraction in children with AR or MR. Serial 
studies using this technique, coupled with ev. 
during stress, may help define the course of suc 
tients, providing objective data in a relatively 0 
vasive manner. y 














Acknowledgment: We are most grateful to Dr: Alexar 
S. Nadas for his advice with this project: We also th 
Kathleen Skorjanc and Joan Tucher for their secret: E 
sistance. yee 


References 


1. Heny WL, Bonow RO, Borer. JS, Ware JH, Kent KM, Red: 
intosh CL, ‘Morrow AG, Epstein. SE. Observations on the optin 
operative intervention for aortic regurgitation. Circulation, 

4 


2. Henry WL, Bonow RO, Rosing DR; Epstein SE. Observatio 
mum time-for operative interverition. for aortic regurgitation 
cadiographio evaluation of asymptomatic patients. Gircuk 

ADS, 

3. Borer US, Bachrach SL, Green MV, Kent KM, Henry WL, Rosing 
SF, Johnston GS, Epstein SE. Exercise induced lett: ventricular iS 
in symptomatic and asymptomatic patients with aortic regurgitation 
pesanient with radionuclide cineangiography.” Am t ‘Cardiol 197 

51-357 

4. Sorensen SG; O'Rourke RA, Chavdhuri TK. Noninvasive quantit ti 
valvar regurgitation by gated equilibrium radionuclide. angiography 
lation 1980;62: 1089-1098. 

5. Bough EW, Gandsman EJ, North DL, Shulman RS. Gated radionuclid 
angiographic evaluation of valve regurgitation. Am J Cardiol 1980:46 
423-428. 

6. Lam W, Pavel D, Byrom E, Sheikh A, Best D, Rosen: K. Rad 
regurgitant index: value'and limitations: Am J ‘Cardiol 4981:47:29: 

7. Urquhart J, Patterson RE, Pacer M, Goldsmith Su, Horowitz SF, L 
R, Gorlin R. Quantitation of valve regurgitation by radionuclide angi 
betore and after valve replacement surgery. Am J Cardiol 1981 4 























8. Jones AG, Davis ‘MA, Uren RF, Shulkin P. in vivo red cell lab i 
TC-99m (abstr). J Nucl Med 1977; 18:637. Fen 

9. Parker JA, Uren RF, Jones AG, Maddox. DE, Zimerman. RE, N 
Holman BL. Radionuclide left ventriculography with the slant hole olli 
J Nucl Med 1977:18:848—-85 1. ; 

10. Maddox DE, Holman BL, Wynne J, idoine J, Parker JA, Uren R, Nei 
Cohn PF. Ejection fraction image: a noninvasive index of ‘region 
ventricular. wall motion, Am J Cardiol 1978;4 1:1230-1238. 

11. Slutsky R, Karliner J, Ricci D, Kaiser R, Plisterer M, Gordon D, 
KJ, Ashburn W, Left ventricular volumes by gated: equilibrium radi 
angiography: anew method. Circulation 1979;60:556-564. 

12. Sellers RD, Levy MJ, Amplatz K; Lillehei CW. Left retro rade ca 

glography in acquired cardiac disease. Am J Cardiol 1964: 14:437. 

reed MD, Bernhard WF, Prosthetic valve replacement in childre 

Cardiovasc Dis: 1975;17:475-487, 

‘Sanders SP, Levy RJ, Freed MD, Norwood WI, Castaneda 

Hancock porcine zenografts: in children and adolescents. A\ 

1980;46:429-438, 

15. Friedman $, Edmunds LH Jr, Cusao CC. Long term. mitral valve ep 

ment in young children. Circulation 1978:57:981-986. i 

16. Weesner KM, Rocchini AP, Rosenthal A, Behrendt D.:Intravasc 
molysis associated with porcine mitral valve calcification in childr 
J Cardiol 1981;47:1286-- 1288: : 

17. Clark DG, McAnuity JH, Rahimtoola SH. Valve replacement i in aor! 
sufficiency with left ventricular dysfunction. Circulation 1981 
421, 

18. Fowler NO; Van.Der.Bel-Kahn_JM. Indications for surgical replace 
of the mitral valve. Am J Cardiol 1979;44: 148-157. 

19. Peter CA, Jones RH. Radionuclide measurements of lett ventricular: fun 
AE use i panem “aortic insufficienty, ‘Arch 


: ropucement ior aortic ‘regurgitation: longterm follow 
-fluencing the results, Circulation, 1979; 60: 647-654 





14 
















L pravalvular Aortic Stenosis 









-Year Clinical Perspective and Experience With Patch Aortoplasty 
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ipravalvular aortic stenosis has a wide range of 
inical and morphologic expression. Since 1961, 
) patients (aged 1 to. 49 years) with documented 
ipravalvular aortic stenosis have been evaluated. 
aven (28%) had Williams’ syndrome, 5 (20%) had 
familial form of supravalvular aortic stenosis, and 
} (52%) had a sporadic form. A blood. pressure 
fference of > 10 mm Hg between the arms was 
sted in 65% of the patients. Angiographically, 19 
'6%) had segmental supravalvular narrowing; 6 
'4%) had diffuse narrowing of the ascending 
xta. 

Sixteen patients underwent patch aortopiasty, At 
irgery, portions of the aortic valve cusps were 


2quently attached to supravalvular tissue. This . 


cusp tuck” resulted in distinctive angiographic 
atures and influenced the results of corrective 
irgery. Three surgical deaths occurred in the early 
160s—2 with diffuse narrowing of the aorta. Of the 


cusps to residual supravalvular tissue (cusp tuck). 
- This resulted in aortic valvular gradients (23 to 48 


remaining 12 patients, followed for 1 to 12 years, 10 . 


are asymptomatic, 1 has angina, and 1 died from 


cancer. All 8 patients who underwent postoperative __ 
catheterization had a thick band between the left __ 
and right coronary sinus which represented per- 
sistent attachment of portions of the aortic valve 














mm Hg) in 4 patients and aortic valvular insuffi- 
ciency in 2 patients. No significant supravalvular 
gradient was noted. 

The 20-year experience with supravalvular aortic 
stenosis reported herein emphasizes a wide range 
of clinical and morphologic expression, the benefits ce 
and limitations of patch aortoplasty, and the im- 
portance of postoperative cardiac catheterization, 
and furthers the understanding of a complex g clinical 
syndrome.. 













‘avalvular aortic stenosis is an unusual form of left 
mtricular outflow tract obstruction which has been 
gnized with increasing frequency during the last 30 
s. Little is known about the natural history and 
-term follow-up of this disorder. Since 1961, 25 

ts with supravalvular aortic stenosis were eval- 
e Ohio State University Hospital and at the 
Children’s Hospital. The present study re- 
nical, hemodynamic, angiographic, surgical, 

p experience with this group over the last 


_ nosis ranged from 1 to 49 years (average 18). Twelve of the 


„mediately after an initial evaluation and cardiac cath 
ization. | 


- entailing a characteristic elfin face and mental retardation 
; gesocieted with elena! aortic stenosis. The T 
! a fe 















Clinical Material 


Patient population: Twenty- five patients. with doc 
mented supravalvular aortic stenosis were included in this 
study, 15 male and 10 female. Their ages at the time of dia; 


patients were 16 years or older at the time of diagnosis 
25 patients, 15 are still followed up on a regular basis. S 
patients have died. Three patients were lost to follow 


Three clinical groups. were. tioma A sporadic. fo 
occurred in 18 patients. These patients had normal growth a 
development and no family history of supravalvular aor 
stenosis. Seven patients had Williams’ syndrome, defined. 








pravalyular 





FIGURE 1. Aortic root injection in the anteroposterior projection 
demonstrating an hourglass form of supravalvular aortic stenosis. A 
band (arrow) is seen between the left (LCS) and right (RCA) coronary 
sinuses, extending to the supravalvular stenosis. 


Clinical evaluation: All patients had an aortic systolic 
ejection murmur without an aortic valve ejection click. Blood 
pressure was recorded in both arms in 20 patients. Thirteen 
had a blood pressure difference of >10 mm Hg between the 
arms. In 11, blood pressure was higher in the right arm; in 2, 
the left arm had a higher reading. 

The electrocardiogram showed left ventricular hypertrophy 
in 14, and a chest x-ray showed an enlarged heart in 9 of the 
25 patients. 

Cardiac catheterization: All patients had gradients be- 
tween the left ventricle and the ascending aorta ranging from 
7 to 170 mm Hg (average 88). The gradient was higher in the 
older age group, with an average gradient of 100 mm Hg in 
patients >16 years of age. Five patients had 2 cardiac cathe- 
terizations before surgery. Four had a progressive increase in 
gradient between the left ventricle and ascending aorta over 


FIGURE 2. Hourglass (left) and hypoplastic (right) 
_ forms of supravalvular aortic stenosis. The arrows 
point to an area of apposition between the left coro- 
nary cusp (LCC) and right coronary cusp (RCC) which 
is tucked beneath the supravalvular stenosis. 





a 4- to 12-year period, with the remaining patient’s gradi 
unchanged over a 9-year period. 

Angiographically, 2 types of supravalvular aortic stent 
were observed: an hourglass deformity and a hypoplastic ty 
In the hourglass deformity, seen in 19 of our patients, s 
mental narrowing of the ascending aorta just above the ao! 
valve was noted. The aortic arch and descending aorta w 
of normal caliber. Six of our patients had the hypoplastic fo! 
in which there was diffuse narrowing of the entire ascend 
aorta, aortic arch, and descending aorta. 

In addition to the narrowing above the aortic valve, we a 
noted angiographic abnormalities in the aortic valve its) 
Figure 1 is an aortic root angiogram in the anteroposter 
projection of an hourglass type of supravalvular aortic s 
nosis. A thick band exists between the right and left coron; 
sinuses and was present in all preoperative angiograms. T 
band represents the apposition of the right and left aor 
valve cusps due to traction on the cusps by the supravalvu 
tissue. The band is a very important feature of supravalvu 
aortic stenosis and is discussed in detail later in this repo 

Several associated cardiac lesions were noted. Two patie 
had angiographic evidence of severe peripheral pulmon: 
artery stenosis. Two had a patent ductus arteriosus. Ot] 
defects included subaortic membrane, atrial septal defe 
ventricular septal defect, mitral regurgitation, mitral va 
prolapse, and coarctation of the aorta. 

Follow-up: nonsurgical patients: Nine patients have 
undergone surgery. Three have died: a 3-year-old boy fri 
Wilms’ tumor, a 13-year-old girl suddenly after experienc! 
syncope, and a 37-year-old male from subacute bacterial ¢ 
docarditis after resection of bowel cancer. Three other patie! 
continue to be followed up: a teenaged girl who cannot 1 
dergo an operation because of severe peripheral pulmons 
artery stenosis, a 34-year-old man with exertional chest p: 
who refused surgery, and a 4-year-old boy who is awaiti 
surgery. Three patients were lost to follow-up after an init 
evaluation and cardiac catheterization. 

Follow-up: surgical patients: Sixteen patients underw 
operative repair. Eleven surgical patients had an hourgl 
type of supravalvular aortic stenosis; 5 had a hypoplastic ao: 








aURE 3. Preoperative cross-sectional view from above the supra- 
\vular stenosis. The arrows point to the aortic valve commissures 
lich are tucked under the supravalvular tissue. LCA = left coronary 
ery; RCA = right coronary artery. 


ae left ventricular-aortic gradients ranged from 40 to 170 
m Hg. At surgery, a lateral aortotomy was performed ex- 
nding across the supravalvular stenosis into the noncoronary 
sp. Figure 2 demonstrates the supravalvular constriction 
both the hourglass (left panel) and hypoplastic forms (right 
nel). The posterior wall of the aorta and the noncoronary 
sp were removed for illustrative purposes. Note that the left 
d right coronary cusps are tucked under the stenosing su- 
avalvular ring (arrows). This cusp tuck results in apposition 
the margins of these cusps, which is seen angiographically 
the thick band during diastole. This band was present in 
. preoperative angiograms in patients with supravalvular 
rtic stenosis. Figure 3 is a cross-sectional view from above 
e supravalvular constriction. The left and right coronary 
teries are labeled. Portions of the aortic valve cusps and the 
rtic valve commissures are tucked under the supravalvular 
embrane, as depicted by the arrows. Surgical repair included 
tensive resection of the supravalvular obstruction and in- 
rtion of a Dacron patch over the aortotomy. Figure 4 shows 
e results after surgery. The patch effectively relieved the 
pravalvular obstruction and mobilized the noncoronary 
sp. However, persistent anterior supravalvular tissue re- 
ained with portions of the left and right aortic cusps tucked 
ider this tissue (arrow). 

The completed external repair is shown in Figure 5. 
Surgical results: Thirteen surgical survivors have been 
lowed up for 1 month to 12 years. Eleven patients, aged 15 
28 years, are currently asymptomatic. One patient with an 
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FIGURE 5. Completed external repair illustrating the teardrop-shaped 
Dacron patch. 


84 mm Hg gradient and normal coronary arteries underwent 
surgery at age 45. Exertional chest pain developed postoper- 
atively. A stress thallium scan indicated an inferior perfusion 
defect immediately after exercise which resolved 4 hours later. 
Postoperative cardiac catheterization showed a reduction in 
gradient to 23 mm Hg. The right coronary artery could not be 
entered for selective injection and did not fill on aortic root 
injection, suggesting coronary ostial occlusion. Another pa- 
tient who underwent surgery at age 49 had chest pain and 
shortness of breath postoperatively. She died from cancer at 
age 57. 

There were 3 surgical deaths; all occurred in the early 1960s. 
Two of these patients had the hypoplastic form of supraval- 
vular aortic stenosis. 

Postoperative cardiac catheterization was performed in 8 
patients 6 months to 12 years after surgery; all had reduction 
in the gradient between the left ventricle and aorta (Fig. 6). 
No significant supravalvular gradients were found. However, 
4 patients had persistent gradients of 23 to 48 mm Hg at the 


Surgical Results 
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FIGURE 7. Postoperative aortic root angiogram in the anteroposterior 
projection demonstrating the thick band (arrow) between the right 
coronary sinus (RCS) and left coronary sinus (LCS). This patient had 
a 48 mm Hg gradient across the aortic valve but no supravalvular gra- 
dient. 


aortic valve level. Two of these patients had mild aortic in- 
sufficiency. All postoperative patients had a thick band be- 
tween the right and left coronary sinuses, which was present 
preoperatively. This band was due to cusp tuck—the persis- 
tent attachment of portions of the aortic cusps to residual 
anterior supravalvular tissue. The band was present in all 
patients postoperatively, including those patients without a 
gradient between the left ventricle and aorta (Fig. 7 and 8). 


Discussion 


Supravalvular aortic stenosis is a complex form of left 
ventricular outflow tract obstruction with distinctive 
morphologic features which influence the results of 
corrective surgery. Our study demonstrates that patch 
aortoplasty provides good postoperative results with 
asymptomatic patients for up to 12 years. However, 
residual abnormalities may remain, including gradients 
across the aortic valve and aortic valve insufficiency. 
These abnormalities appear related to the amount of 
attachment between the aortic valve cusps and residual 
anterior supravalvular tissue. 

This attachment of the aortic valve leaflets to the 
supravalvular membrane—cusp tuck—has been rec- 
ognized for years. In 1957, Cheu et al! described a 
crescent-shaped fibrous membrane above the aortic 
valve in a 37-year-old man. The right posterior aortic 
cusps were attached to the undersurface of the mem- 
brane. One year later, Burry? noted commissural fusion 
with a supravalvular ridge in a patient with morphologic 
features of Marfan’s syndrome. Denie and Verheught® 
described a 25-year-old patient with angina who had 
fusion between all 3 aortic cusps at the very outer edge 
near the commissures. The left coronary artery origi- 
nated from a blind pouch which was formed from the 
free margin of the left aortic cusp with the aortic wall. 
This pouch communicated with the free aortic lumen 
by a very narrow opening. Edwards, in his classification 
of the pathology of supravalvular aortic stenosis, men- 
tioned that up to one fourth of the cases have associated 
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FIGURE 8. Postoperative aortic root angiogram in the anterop: 
projection. The thick band is noted. This patient did not have a 
valve or a supravalvular gradient. LCS = left coronary sinus; 
right coronary sinus. 


changes of the aortic valve cusps, most notably 
sions of portions of the cusps to the supravalvul, 
nosis. 

As surgical techniques improved, it became 
important to differentiate supravalvular aortic st 
from other forms of outflow tract obstruction. W 
viously emphasized the familial predisposition : 
disorder, the clinical significance of the blood pr 
difference in the arms, and the attachment of the 
cusps to the supravalvular tissue.° 

Patch aortoplasty has been the surgical procec 
choice for supravalvular aortic stenosis; howev: 
modynamic abnormalities have been noted in p 
erative studies. Rastelli et al® observed that gra 
persisted after patch aortoplasty in 14 of 16 pa 
but the site of the gradient was not mentioned. 
et al’ studied 6 patients postoperatively and did ni 
a supravalvular gradient, but recorded pressu! 
ferences between the left ventricle and aorta cons 
with valvular or possibly subvalvular stenosis. | 
et al® found residual gradients in 5 postoperati 
tients, 2 of which occurred at the valvular level. 

Doty et al? pointed out that patch aortoplasty 1 
in an asymmetric surgical repair and occasionall 
not relieve outflow tract obstruction. They desi 
symmetric form of reconstruction in which the ste 
supravalvular ring is divided at 2 points, all 
lengthening of 2 aortic cusps with better valve fur 
A reduction in the gradient between the left vei 
and the aorta was noted on intraoperative me 
ments; however, postoperative cardiac catheteriz 
were not reported. This type of repair may be n 
in some cases with marked fusion of the coronary 
to the supravalvular tissue. 

There may be other reasons for valvular gra 
after surgical repair. Thirty % of aortic valves ¢ 





RE 9. Artist's depiction of persistent attachment of portions of the 
> valve (arrow) to residual anterior supravalvular tissue which has 
partly resected. The noncoronary cusp (NCC) has been mobilized 
e Dacron patch (not shown), which is inserted posteriorly. LCA = 
oronary artery; RCA = right coronary artery. 


ied to be thickened in patients with supravalvular 
ic stenosis. Cheevers, in the original description of 
‘avalvular aortic stenosis, noted that the aortic valve 
' be calcified; hence, valvular gradients may be due 
itrinsic valvular disease.!° Patients with a combi- 
on of supravalvular aortic stenosis and intrinsic 
ic valve disease represent a more complex form of 
disease, and patch aortoplasty combined with val- 
tomy or aortic valve replacement may be necessary 
chieve satisfactory results. 

he results of this study show that patch aortoplasty 
fective in reducing supravalvular obstruction but 
‘portions of the aortic valve remain attached to re- 
al anterior supravalvular membrane (Fig. 9). This 
ı tuck causes traction on the aortic valve leaflets and 
sition of the valve margins, which has the angio- 
hic appearance of a thick band between the right 
left coronary cusps (Fig. 7 and 8). This results in 
ic valvular abnormalities manifested by persistent 
lients across the aortic valve with or without aortic 
e insufficiency. 


patients operated on within the last few years have 
minimal, if any, aortic valvular gradients despite angi- 
ographic evidence of cusp tuck. Whether there is pro- 
gressive aortic valve dysfunction due to the persistent 
attachment of the anterior portions of the aortic valve 
to the residual anterior supravalvular membrane or 
whether surgery has improved with more aggressive 
resection of the anterior tissue is not known at this time. 
Serial catheterizations, precise intraoperative obser- 
vations, and detailed pathologic examinations will be 
needed to provide more information. 

In summary, our 20-year experience with supraval- 
vular aortic stenosis demonstrates a wide range of 
clinical features which allow differentiation from other 
forms of left ventricular outflow tract obstruction. At- 
tachment between the supravalvular tissue and portions 
of the aortic valve—cusp tuck—causes distinctive an- 
giographic abnormalities and influences the results of 
corrective surgery. Patch aortoplasty for supravalvular 
aortic stenosis produces good clinical results and a re- 
duction in the pressure difference between the left 
ventricle and ascending aorta. However, residual val- 
vular abnormalities remain, including aortic stenosis 
and aortic insufficiency. These abnormalities need to 
be recognized to assist in the long-term management of 
these patients. 
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dionu lide Stroke Count Ratios for Assessment of Righi 
Jentricular Volume Overload i in Children 


JARK D. PARRISH, MD, THOMAS P. GRAHAM, Jr., 
EROME P. JONES, PhD, ROBERT J. BOUCEK, Jr., 


. LEON PARTAIN, MD, PhD 


ratio of left ventricular to right ventricular stroke 
unts measured by radionuclide angiography has 
en used in adults to estimate the severity of left- 
ed valvular regurgitation. The validation of this 
echnique i in children for assessment of right and left 
entricular volume overload is reported herein. 
adionuclide stroke count ratios in 60 children aged 
to 19 years (mean 11) were determined. Based 
eir diagnoses, the patients were divided into 3 
ps: (1) normal—40 patients with no shunts or 
ular regurgitation, (2) left ventricular volume 
erload—13 patients with mitral or aortic regurg- 
ation, or both, and (3) right ventricular volume 
rload—7 patients, 2 with severe tricuspid 
urgitation, 3 with atrial Septal defects, and 2 with 


ê ratio of the left yenttieulae stroke output to right 
tricular stroke output (stroke volume ratio) provides 
index of left ventricular volume overload in patients 
h aortic or mitral regurgitation. 1-6 This ratio has 
en estimated noninvasively in adults with radionu- 
de ventriculography.°- However, the use of this ra- 
lide technique in. assessing right ventricular 
me overload in children is unknown. For these 
3, we now report our experience with the radio- 
‘stroke count ratio in children for the assessment 
ht and left ventricular volume overload. The ra- 
uclide stroke count ratio is validated by comparison 
the oineangiogranhic stroke volume ratio. 


the Department of Pediatrics, Division of Pediatric Cardiology, 
rb t University Hospital, Nashville, Tennessee. This study was 


he Tennessee Heart Association, Nashville, 
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anderbilt ‘University 
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MD, MICHAEL ARTMAN, MD, and 


total snonglous pulmonary venous drainage 
radionuclide stroke count ratio clearly differentia 
these groups (p <0.05): normal patient 
stroke count ratio of 1.04 + 0.17 (mean + 
dard deviation), the left ventricular volume over 
group had a stroke count ratio of 2.43 + 0.8 
the right ventricular volume overload group 
stroke count ratio of 0.44 + 0.17. In 22 of 
patients, radionuclide stroke count ratios wi 
compared with cineangiographic stroke volui 
ratios, resulting in a correlation coefficient of 0. 
It is concluded that radionuclide ventriculography 
is an excellent tool for qualitative and quantit 
assessment of valvular regurgitation in ehlide 


Methods 


From June 1980 to August 1981, we obtained equili 
radionuclide ventriculograms in 88 children. ‘Twenty 
of these patients were excluded from the study for th 
lowing reasons: (1) inadequate blood pool labeling a 
definition, or both (6 patients); (2) single ventricle anat 
(5 patients); and (3) bidirectional shunts, regurgitan 
or both, affecting both ventricles (17 patients). The 
of our patients (60 children) were included in this stud: 
children were assigned to 1 of 3 categories based on 
and catheterization findings: (1) Normal—40 childr 
assigned to this category because they had no shunts 
vular regurgitation, (2) Left ventricular volume overloa 
children were assigned to this category based on clinical 
catheterization findings of aortic or mitral regurgitation 
Right ventricular volume overload-—7 children were assig: 
to this category based on clinical and catheterization fin 
of tricuspid regurgitation, atrial septal detect 
anomalous pulmonary venous Graimaph, 

Table I further chare 
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suspid: Pegurgitation ` 
al anomalous pulmonary venous drainage. 


: Ages 0.5 to 19: years (mean'11), weight 6 to 70 kg (mean 36). 
“Ages 1 to 19 years (mean. 11), weight 10 to.70 kg (mean 36). 
: Ages 0.5 to 19 years (mean. 11), weight 6 to: 70 kg (mean 41). 
: Ages 0.5 to 15 years (mean 10), weight 5:to 43.kg (mean 28). 
Miscellaneous patients: partial. anomalous. pulmonary venous 
inage (PO), Type li hyperlipidemia; atrioventricular canal (PO), and 
ral stenosis: 
0 = RONEN. 


PRO 








ran sposition of the great aerie, and atrial septal defect). 
e right and left ventricular volume overload groups were 


nprised of patients who had not undergone previous sur- 























Ithough we had a few 19-year-old patients, the mean 
for the total group of 60 children was 11 + 4.9 years (mean 
rd deviation). 

I er, equilibrium radionuclide: studies "were 
or diagnostic purposes in all patients. Informed 





tae catheterizations were done i in 22 of our r 60 pa- 


le stu ies, with in vivo labeling of red blood cells using an 
se of 20 mCi, adjusted downward for children based 
pay au surface. a 7,8.: EWE; have previously described 








i Jentrioular stroke counts = (end- diastolic counts _ 
und counts) — (end-systolic counts — background 
ratio: of left ventricular skoke counts to a 





he 60 Patients 


RADIONUCLIDE STROKE COUNT RATIO 


n 1 week of the radionuclide study, allowing ra- © 


techniques were used for collection of radionu- < 
statistically compared to cineangiographic stroke volum 


i aee a studies, Pipet l shows the 


{cineangiograp 
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CINEANGIOGRAPHIC. STROKE VOLUME RAT 10 : 
FIGURE 1; Cineangiographic stroke volume ratios are compared w 
radionuclide stroke. count ratios using 2 separately: determined regions 
of interest (end-diastole and end-systole). LV = feft ventricle; r= cor- 
relation coefficient; RY.= = right ventricle; SEE = standard error of the 
estimate. i os 


blinded to gach other’ s results as well as to the cineangiogra- 
phic results. 
Stroke. count ratios from. the.radionuclide images wi 


ratios using linear regression analysis. Intraobserver and in 
terobserver variation was assessed by calculating the absolute 
difference between observer 1's first determination, and eac! 
subsequent determination (observer 1’s second determinatio 
and observer 2’s determination). These absolute difference: 
for each patient were then expressed as a percentage of ob 
server 1's first determination, The mean values for-stroke 
count ratios in each of our 3 patient groups were compared by 
l-way analysis of variance followed: by Student-Neum: 
Keul’s test. The level of siatistical significance was chosen 
p <0. 05. ; 


Results 


Assbsanient of intra- and interobserver variability 
the determination of radionuclide stroke count ratios 
disclosed differences of 24 + 14% and 32 + 19% 
spectively. Despite this variability, we demonstra 
good correlation between radionuclide studies 
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RE 2 2 Radionuclide stroke count ratios in our 3 patient groups. 
bars encompass 1 standard deviation above and below the mean. 
es represent individual values, triangles mean values. LV = left 
entricle; RV = = right ventricle. ; . 





oke ‘count ratio = z 6 x cineangiographic stroke 
ne ratio — 0.49) (Fig. 1). 

ure 2 shows the radionuclide stroke count ratios 
our 3 patient groups. The mean stroke count ratio 
the normal group was 1.04 + 0.17 (mean + standard 
tion). The mean stroke count ratio for the left 
icular volume overload group (2.43 + 0.86) was 
ficantly greater than the normal group (p <0.05). 
ermore, the mean stroke count ratio for the right 
r volume overload group (0.44 + 0.17) was 
tly less. than for the normal group (p 


jle ell sumniarizés the normal range for radionu- 
roke counts. From the data in Figure 2, we de- 
sd a normal stroke count ratio as ranging from 0.70 
1.38 (2 standard deviations below and above the 
). Only 1 of the 40 normal patients fell outside this 
. This patient had had Mustard repair of D- 

sition of the great vessels, and had a radionu- 
ke count ratio of 0.62. The right ventricular- 





y have led to in- 
count ratio. 


i TABLE Ii 


was difficult to define on the radio- 





Radionuclide Stroke ou nt Ratios 








: ‘Patients Outside 
‘Normal Range* 
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Normal 1/40 39/40 
LV volume overload 13/13 “0/13 
RV volume overload 6/7 1/7 : 





* Normal range 0.70 to 1.38 (2 standard deviations to either side 
the mean). LV = left it vantel; RV = right ventricle. ` 
































All patiente in the left autielay volum 
group had radionuclide stroke count ratios >1.3 
patient from this group, the cineangiographi st 
volume ratio was 1.0 despite the subjective impres 
from the left ventricular angiogram of moderat: 
regurgitation and a large left atrium. The radionuc 
stroke count ratio was 1.56, leading us to question 
accuracy of the cineangiography determined strol 
volume ratio in this particular patient. as 

Only 1 of the 7 patients with right ventricular volur 
overload had a radionuclide stroke count ratio with 
the normal range (0.77). This patient had total a anor 
alous pulmonary venous drainage. 





‘Discussion 


Both echocardiography and nuclei angi 
have been used extensively for the evaluation of « 
size and fimetion i in patients with left- sided v 


been tempe ‘to actually quantitate the “sever 
valvular regurgitation by noninvasive techn 
Bommer et all® found that. pine! Doppler > dir 


validated the e ena tiemie tech 
quantitation of valvular regurgitation, findin 
nuclide-cineangiographic correlation coefficient 
to 0.95. This radionuclide technique estimates right 
left ventricular stroke volumes by measuring the ch 
in regional counts from end-diastole to end-systol 
severity of valvular regurgitation is then assess 
calculating a regurgitant index (left ventricu 
counts divided by right ventricular stroke 

The previous work with radionuclide as: 
valvular regurgitation has been limited enti 
patients with left-sided valvular regurgitat: 
report our validation of this technique in 
addition, we have used this method to evalu 
patients with right-sided volume overload. 

Several potential methodologic problems an 
of error are inherent in this radionuclide tech: 
major difficulty centers around the appropria 
tification of the ventricular regions of interest. Ade 
septal visualization must be obtained in order t 
rate and identify each ventricle. Variable red blood 
labeling, motion artifact, and unusual ventricular g 
ometry and position in children with congenital heart 










disease an make septal identification more difficuli 
4 tp ee 


‘Separation of ventricular trom atrial 









problem is of additional concern in the current 
udy, because some diseases we are interested in eval- 

ating (tricuspid and mitral regurgitation) may increase 
ght or left atrial size and thus increase overlap of atrial 
1d ventricular activity. If atrial overlap is greatest on 
1e end-systolic image, this error would tend to decrease 
ie estimated stroke counts for the affected ventricle, 
sulting i in an underestimation of the severity of val- 

egurgitation. In our patients, we attempted to 
ve _atrial-ventricular separation by collecting 
lies from a left anterior oblique view with 5 to 15° 
al tilt. Careful study of playback images was also 
aite helpful in identifying the atrial ventricular border. 
l'e do not believe that there was any systematic error 
i he estimation of the stroke counts from right or left 
tricle, because the normal group had a mean stroke 
at ratio near unity (1.04). There is, however, a 
ioderate degree of intra- and interobserver variability 
ı this measurement, which may reflect the multiple 
gions of interest one must identify in order to derive 
stroke count ratio. 

Lam et al? validated stroke count ratios in normal 
atients and those with left-sided volume overload. 
hey found discordant radionuclide-cineangiographic 
‘sults in 12 of 100 patients, and ‘correlated this dis- 
‘epancy with severe left ventricular dysfunction or 
titral valve prolapse. We found discrepant results in 
patients (Table TI). One of these patients had had 
fustard repair of D-transposition and had a radionu- 
ide stroke count ratio of 0.62, despite clinical and 
itheterization findings indicating no significant shunt 
t valvular insufficiency. No distinct atrial-ventricular 
order could be appreciated inthis patient, and we 
ypothesize that atrial activity overlapped with the left 
entricle, reducing the stroke count ratio. Five other 
atients with D-transposition and poor atrial separation 
ad stroke count ratios within the normal range. The 
acond patient with discordant results had- total 
:omalous pulmonary venous drainage. Although the 
idionuclide stroke count ratio was 0.77, it was within 
1e normal range. A large portion of right atrial activity 
1 this patient may have been included in the right 
antricular end-systolic frame and excluded from the 
ad-diastolic frame, artificially increasing the stroke 
ount ratio, We had 1 patient with mitral valve prolapse, 
nd 5 patients with severe cardiomyopathy. Radionu- 
ide catheterization, and clinical findings were in 




































pite hese masttiodologic considerations, we found 
d correlation between radionuclide and cinean- 
estimates of the stroke volume ratio (r = 
thermore, the radionuclide technique clearly 
d and separated patients with left ventricular 
verload from patients with no volume overload. 
right ventricular volume overload could also be 
l in 6 of 7 patients. We have not attempted to 
ate children with volume overload of both ven- 
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cuvitymay pe > 
might provide an indication of which ventricle was mor 


‘fficult with the equilibrium | radionuclide technique.» 
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severely overloaded. 
We conclude. that the equilibrium radionuclide 
technique provides a useful noninvasive tool for quali- 
tative and quantitative assessment of right and left 
ventricular volume overload in children with congenital: 
heart disease, o 
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2ulmonary Vascular Disease in Secundum Atrial 


>eptal Defect | in Childhood 


SILA G. HAWORTH, MD, FRCP 


Pulmonary vascular structure was analyzed in the 
lungs of 10 patients with a secundum atrial septal 
defect (ASD) in whom pulmonary hypertension had 
developed. Four patients were aged 6 months or 
ess, 5 were aged 2 to 9 years, and 1 was 21 years 
id. Pulmonary vascular structure was analyzed 
using lung biopsy tissue in 5 and autopsy material 
he other 5. All the infants presented with heart 
ailure and all had a marked increase in pulmonary 
eral smooth muscle; only 1 infant survived sur- 


fost children with a secundum ASD are asymptomatic. 
Rarely, eardiac failure develops in young children; in 
uch cases the severity of pulmonary hypertension is 
equently greater than that found in the asymptomatic 
lider child.!-4 Conservative: management may not be 
cessful and the operative mortality is greater than 
older children with an ASD.? In the pulmonary cir- 
ulation, the structural changes found in older patients 
sully restricted to medial hypertrophy and slight 
1 proliferation, although plexiform lesions can 
n the presence of severe pulmonary hyperten- 
5 To understand the structural basis of pulmonary 
pertension in ASD and its relation to age, the clinical 
dings and pulmonary vascular changes were studied 
10 patients aged 3.5 months to 21 years. 


Methods 


ix male and 4 female patients were studied (Table I). Six 
Jatients presented during the first 6 months of life and all 
xcept Patient 7 had signs of congestive heart failure and 

e to thrive (Table I). Patient 1 was cyanotic when he 
nted at 6 weeks of age. All had an ejection systolic mur- 
at the left sternal border, and in all except Case 7 the 
onary component of the second heart sound was accen- 
d. Patient 6 also had the soft continuous murmur of a 

ll patent ductus. arteriosus in the left infraclavicular re- 


m the Institute of Child Health, Guilford Street, London, England. 
juscript received February 23, 1982; revised manuseript received 
14, rept SÒ July A eech, 


= not undergo 
<o showed sev: 


gery. ot the 5 older children, 1 presented with 
nosis, but in the rest the ASD was incidental 
presentation. Three patients had severe pulm 
vascular disease, similar to that seen in adults wi 
a hypertensive ASD. Only 2 older children unde 
went successful surgery. In 1 child and in the 1 ac 
the severity of the pulmonary vascular. dise 
precluded surgery. The ASD was closed in 8 
tients, but only 3 survived. Pulmonary hyperte: 
develops rary in in ‘secundum ASD in childhos 


gion. The remaining 4 patients presented between 
years of age. Patient 5 presented with cyanosis at 2 yea’ 
in the other patients the presence of an ASD was incic 
All these older patients had an ejection systolic murmur i 
pulmonary area and wide splitting of the second heart $ so 
with accentuation of the pulmonary component, but on 
had an rsR’ pattern in the right precordial leads of th 
trocardiogram. In all 10 patients the ‘electrocardiog 
showed sinus rhythm with right ventricular hypertroph 
chest. radiogram showed slight cardiac enlargemen 
pulmonary plethora in all except Cases 5, 7, and 10. In 

5 and 10, the proximal pulmonary arteries. appeared A 
with pruning of the peripheral arteries. 

All patients underwenta cardiac catheterization stu 
except Patient 9, in whom the diagnosis was established 
2-D echocardiography (Table H). All patients had pulmona 
hypertension, but this was most severe in the 5 pati 
catheterized during the first 2 years of life and in the 
year-old man. Case 9 had significant pulmonary hypertensio 
after closure of the ASD. In all except: Case 10.there was 
left-to-right shunt at the atrial level with a pulmonary: 
temic flow ratio of 1.3 to.3.3:1. Pulmonary arteriolar: resist, 
was 4 to 16 units/m?, 

An open lung biopsy was: performed in 5 patie 
diately after the cardiac catheterization study in 
2 years after the. study in Patient 10, and at operation 
remaining 2 patients (Table 1). 

The 5 symptomatic infants were given intensive mec 
treatment, but only Patient 6 responded satisfactorily, 
the entire group, the ASD was closed in 8 patients. The | 
between presentation and. operation was <6 months. 
in Cases 6 and 7. The ASD was closed successfully in o) 
children aged 7 months, 7 years, and 9 years. Five chil 
died at or soon after operation, The 2remaining patients 
. surgical treatment because the lung biop 

obliterative pulmonary vascular disease. : 













Age at 











Sex Presentation Presentation 
st M 6 wk Cyanosis, 
è ` CF, FT 
ae a F 12 days CF 
B M 5mo CF, RTI 
“4 F 6 days GF, FT, RTI 
oe F 2yr Cyanosis 
6 F 3 mo OF, FT 
Te M 1 wk Phocomelia 
Boe M 7 yr incidental - 
9, M 9yr RTI 
10 M 16 yr Bonnevie- 
= Ullrich 
syndrome 









Age at 


Post-Catheter Source of 











Biopsy or ; 
Diagnosis Death Lung Tissue © 
ASD 3 mo A 
ASD 5mo B 
ASD 6mo A 
ASD, § mo A+i 
small VSD 
sD 2yr A+! 
ASD, 5 yr A 
small PDA 
SD 5 yr B 
ASD. 7yr B 
ASD 9 yr B 
ASD 21 yr B 

































Tapira tract infections. 


No patient had coarctation of the aorta and none had an 
‘active left heart abnormality. The mitral valve was 
1ormal at autopsy in 5 cases and at operation in 3. In the re- 
ing 2 cases, there was no auscultatory evidence of mitral 
ve dysfunction; left ventricular cineangiography was nor- 
nal in both. 

Thus, in 8 patients an isolated: secundum ASD was the only 
genital malformation of the heart or great vessels and in 
: remaining 2 patients it was the only significant malfor- 
tion. 

Pathologic. preparation and examination: The lung 
issue examined was obtained by biopsy in 5 cases and at au- 
opsy in the remaining 5 (Table 1). Uninjected tissue was an- 
zed using quantitative morphometric techniques in all 10 
es. In 2 of the autopsied cases, a piece of lung tissue was 
moved from the specimen and the pulmonary arteries were 
hen injected with a barium-sulfate gelatin mixture; in these 
ases, both injected and uninjected tissue was analyzed.®” The 
gs of the 2 injected specimens were radiographed, and on 
he arteriograms the lumen diameter of the preacinar arteries 
; measured at 25% intervals along the pathway from hilus 
» pleural surface. Paraffin-embedded 4 um sections were 
tained with Miller’s elastic stain, with hematoxylin and eosin, 
d with Perls’ stain for iron. In the injected specimen of Case 














SLE l- Cardiac Catheterization Data 


As = uninjected autopsy material; A+ = uninjected:and injected autopsy material; B= = biopsy; CF = cardiac failure; FT = 








failure to thrive; RTE 


5, the artery of the anterior segment of the left upper lobe was 
reconstructed from hilus to pleural surface by analysis of step 2 
and serial sections. Microscopically, the following features of 
peripheral arterial structure were studied: (1) The external _ 
diameter and medial thickness was measured in approxi- 
mately 100 vessels in each injected specimen and in all the — 
arteries present in a biopsy specimen, and the percent arterial. 
medial thickness was calculated for each vessel: Percent ar- 
terial medial thickness = (2.x wall thickness/external diam- 
eter) X100. The arteries were then divided into size ranges an 
the mean percent medial thickness was calculated for each’s size 
range. (2) Where a small artery accompanies a small airway 
it-can. be characterized by reference to the type of airway it 
accompanies. In each uninjected specimen, the structure of 
the arterial wall, whether muscular, partly muscular, or non: 
muscular, was described at each airway level; inthis waythe _ 
degree of extension of muscle along the arterial pathway was __ 
established. Also, the external diameter of all arteries at each > 
airway level was measured and the mean calculated. (3) The 
number of arteries and alveoli were counted in the same area 
of lung section and the result expressed as a ratio: this made 
allowance for any difference in the degree of inflation i in var- 
ious lungs, (4) A qualitative assessment of the appearance of 
the arteries at each airway level was made. . 
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5 yr 5 5 61/32 92/0 1.3:1 15.5 aes Alive ans 
none We: 6 6- 60/25.. 110/6 1.6:1 4 8 yr Well 2 
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patient i in whom pulmonary blood flow was me sured. iv= 
sistance, o 


* Calculations unreliable due to pulmonary venous desaturation: 4 Rp dasiessad to 8 uniter? 
left yeniricular, PA = pulmonary 









inhalation of 100% í oxygen. This was the 
al; RA = = aoma atrial; Rp 








Normal data on uninjected lung tissue was obtained by 
analyzing postmortem material from 13 children who died 
without cardiopulmonary disease at 3 months to 9 years of age. 
Mean percent arterial medial thickness did not differ signif- 
icantly in children of different ages, and therefore for this 
assessment the results were pooled. The mean external di- 
ameter and the proportion of nonmuscularized, partly mus- 
cularized, and entirely muscularized arteries accompanying 
each type of peripheral airway was determined in 9 normal 
cases and the alveolar-arterial ratio in 7. 


Results 


Arteriograms: In Patient 4, aged 6 months, the 
lumen diameter of the preacinar arteries was increased 
from the hilus to the pleural surface and was greater 
than is normal at 2 years of age. The subsegmental and 
more peripheral arteries were tortuous. The background 
haze of small arteries was normal. By contrast, in Pa- 
tient 5, aged 2 years, the arteries were smaller than is 
normal at 10 months of age. The peripheral arteries were 
tortuous and many anastomoses between the pulmo- 
nary arteries were seen at the pleural surface. An ab- 
normal, fluffy haze surrounded each subsegmental ar- 
tery and there were intervening zones without a haze, 
suggesting failure of small lateral branches to fill with 
contrast material. 


Qualitative Assessment 


Arterial wall structure: The microscopic appear- 
ance of the pulmonary arteries was similar in the 4 pa- 
tients aged 3 to 6 months (Cases 1 to 4), and consisted 
of an increase in muscularity of both pre- and intra- 
acinar arteries. The normally muscularized preacinar, 
terminal, and respiratory bronchiolar arteries showed 
an increase in wall thickness, and muscle was present 
in more peripheral arteries than normal—in arteries 
accompanying alveolar ducts and lying within the al- 
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FIGURE 1. Photomicrograph of an artery accompanying an alveolar 
duct in Case 1, showing a thick media lying between internal (IL) and 
external (EL) elastic laminae. (Magnification X982, reduced 22%.) Stain 
for this and subsequent photomicrographs: Miller's elastic stain 
counterstained with van Gieson’s stain. 


veolar walls (Fig. 1). Intimal proliferation was seen in 
several respiratory bronchiolar arteries in Case 2. 

In the 6 older children, the structural changes were 
less uniform. Changes were least severe in Cases 6 and 
8. 

In Patient 5, severe pulmonary vascular disease was 
present at 2 years of age. In random and serial sections 
muscular preacinar arteries with intimal proliferation 
and fibrosis gave rise to dilated, thin-walled saccular 
branches whose lumens were almost obstructed by in- 
timal proliferation at origin from the parent branches 
(Fig. 2, left). Terminal and respiratory bronchiolar ar- 





FIGURE 2. Photomicrographs of 2 sections of a serial reconstruction of the injected pulmonary artery to the anterior segment of the left upper 
lobe in Case 5. Left, a preacinar artery, with a lumen (L) narrowed by intimal proliferation and thin-walled branches (br). One branch (asterisk) is 
obstructed at its origin by intimal proliferation (IP). Right, the preacinar artery on the left has become a thin-walled artery (Art) accompanying a 


respiratory bronchiolus (Rb). (Magnifications X61.7, reduced 36%.) 


Volume ay 267 
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es contained only a thin layer of muscle cells (Fig. 
_ 2, right). The more peripheral alveolar duct and alveolar 
& all arteries did not generally contain muscle and ap- 
peared fragile, dilated, and thin-walled. The lumens of 
“ilies intraacinar arteries were obliterated by intimal 


ad Tne of severe aa A vascular disease. In- 
timal fibrosis occurred more frequently than in Case 5 
ad was more severe the older the child. 

In Case 7, the preacinar arteries were abnormally 
1ick-walled and many branches were occluded at their 
in by concentric intimal proliferation (Fig. 3). 
erminal and respiratory bronchiolar and alveolar duct 
arteries showed medial atrophy and, unlike in Case 5, 
timal proliferation and fibrosis occluded the lumens 
many of these small vessels. Within the alveolar walls 
me arteries were occluded by fibrosis while others 
owed medial atrophy and dilatation. 

The changes were similar in Case 9, but less severe 
_ (Fig. 4). In Patient 10, aged 21 years, the picture differed 
_ from that seen in the children because of the greater 
- atrophy of the media in large preacinar and intraacinar 










erity 0 

aati a thiekentag of intetnal and e 
laminae and increase in elastic fibers within the media, 
was severe. The media was fibrotic in some arteries, with | 
collagen appearing between the muscle cells and elastic 
fibers. In Cases 5, 7, 9, and 10 the adventitia was ab- 
normally thick and the collagen appeared dense. 

Vein wall structure: In 4 patients aged 2 years or 
more (Cases 5, 6, 7, and 10) the veins were abnormally 
thick-walled and the small veins were “arterialized.” 
Intimal fibrosis occurred in Cases 6 and 10 and was se- — 
vere in the latter. In 1 infant, Patient 3, vein wall 
thickness was slightly increased. 

Siderophages were scattered in clumps throughout — 
the sections of tissue in Cases 7 and 10, with some de- 
position of iron in the arterial walls. 







































Quantitative Assessment 


Percent arterial medial thickness: Uninjected © 
material: In patients 1 to 4, aged 3 to 6 months, percent 
arterial medial thickness was greater than normal in — 
arteries of all sizes (Fig. 5). Of the 6 older children, in3 — 
(Cases 6, 7, and 9) muscularity was greater than normal _ 
in arteries <450 um in diameter, but was below that 
seen in the 4 younger children with an ASD (Fig. 6). In - 
Case 8 the percent medial thickness was normal. In Case — 
10, muscle was greater than normal in arteries of > 250 _ 
um, and the normal percent arterial medial thickness — 
in the smaller arteries was associated with the appear- _ 
ance of medial atrophy. In Case 5, the percent medial — 
thickness in arteries <700 um in diameter was high and 
similar to that seen in the 4 younger cases, but was below — 
normal in arteries <350 um in diameter. 


% arterial medial thickness 
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FIGURE 5. Mean percent arterial medial thickness related to ext r 





indicate Case 1; diamonds, Case 2; squares, para 3; ‘iin 
4; er chains, normal, S mons to 9) Ta ; 





he more precise measurements: : 
l medial thickness made on the 


ang 
ervations mada. on the uninjected tissue (Fig. 7). 
Structure of arteries accompanying peripheral 


4 to 100% of alveolar duct arteries were entirely 
ularized and 40 to 100% of alveolar wall arteries 
contained muscle cells. Of the 6 older patients, the 
proportion of partly muscularized alveolar wall arteries 
was increased in Case 7 at the expense of nonmuscu- 
arized vessels, from a normal value of approximately 
60% to 80%. Muscularization was most severe in Case 
9, where almost half the alveolar wall arteries were en- 
irely surrounded by a coat of muscle cells. Cases 5 and 

0 showed a reduction in the proportion of partly 


y bronchiolar, alveolar duct, and alveolar wall level; 
ase 10 this was due to medial atrophy. There was no 
ormal extension of muscle in Cases 6 and 8. 

Size and number of intraacinar arteries: In 6 
cases, the mean external diameter of intraacinar arteries 
as normal for age (Table II). Only i in Case 4 were the 
rteries larger than normal; in this instance the luminal 
meter of the preacinar arteries was also greater than 
rmal on the postmortem arteriogram. The arteries 


were smaller than no mal in Cases 6, ' 7 and 0: 
these 3, aged 5, 5, and 21 years, respectively, the 
were similar to the normal at <2 years of age. In 
10, intimal fibrosis was severe and many arte ies 
peared shrunken and fibrotic. 

The alveolar/arterial ratio was determined in 7 ca 
(Table HI). It was not possible to determine the. 
in Case 7 because the alveoli were not well expande 
in Cases 5 and 10 many alveolar wall arteries we 
occluded by fibrotic change or replaced byt 
dilated arteries or both. The ratio was ma 
creased in Cases 1 and 2, suggesting a reduct 
number of intraacinar arteries, and slightly 
in Case 9. The alveolar/arterial ratio was norm: 
remaining 4 cases. 

Relation to the Heath and Edwards Classifica 
of pulmonary vascular disease: Had the Heath 
Edwards Classification® been used, the pul 
vascular changes in the 4 infants would. have be 
classified as grade I at all levels along the arteri 
pathway. Using the modification of the Heath an 
Edwards Classification proposed by Rabinovitch e 
the changes in Cases 3 and 4, extension of musel 
more peripheral arteries than normal plus medial 
pertrophy in normally muscularized arteries, indic: 
grade Ib disease. In addition to both these che 
Cases 1 and 2 also had a reduction in intraacinar 
number, indicating grade Ic disease. 

Of the 6 older children, Cases 6 and 8 showed € 
grade I pulmonary vascular disease. In Cases 5, T, 


% arterial medial thickness 
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FIGURE 7. Mean percent arterial medial thickness related to external 
diameter (um) in injected tissue: from Cases 4 and 5, and fi 


patients. Triangles indicate Case 4; opel circles, Case 5, cl 
: 5, normal, 4 months to to years, 
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109 
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AD = alveolar duct; AW = alveolar wall; RB = respiratory bronchiolus; TB = terminal bronchiolus. 


the severe intimal fibrosis with occlusive change 

d have been classified as grade III disease. In Case 

0, the severe fibrotic occlusive change with dilatation 

f alveolar duct and alveolar wall arteries indicated 
dvanced stage HI or early grade IV. disease. 


Discussion 


_ Four infants with a secundum ASD presented in 
ardiac failure; all had severe pulmonary hypertension 

ynd.a marked increase in pulmonary arterial muscula- 

‘ity (Table IV). Only 1 infant survived closure of the 

efect, and he had the least increase in muscularity. In 

| children aged 5 to 9 years, pulmonary hypertension 
was less severe than in the infants and none had symp- 
oms attributable to ASD. Nevertheless, in 2 patients 

amination of lung tissue showed severe obliterative 


BLE IV 


Summary of Results 


pulmonary vascular disease, and of these 4 patients only 

2 have had the defect closed successfully. One additional c 
child did not fall into either group. Presentation was _ 
delayed until 2 years of age and was due to cyanosis, not: 
heart failure. Only the preacinar arteries showed medial _ 
hypertrophy, but they also showed obliterative change; 
the more peripheral arteries were abnormally thi 
walled. This child also did not survive surgery. Two 
patients, including the 21-year-old man, will not ui 
dergo surgery because of the severity of the pulmon 
vascular disease. Thus, in only 3 of the 10 patients was 
it possible to close the defect successfully. 

The present series of children with a secundum ASD 
and pulmonary hypertension i is unusual because m 
such patients have, in addition, an obstructive left heart 
abnormality.!° In most infants with a large isolated se- 
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udum ASD, pulmonary arterial pressure and resis- 
ce decrease normally after birth.!! Pulmonary hy- 
ertension rarely develops before the third decade of 
ife. During the last 10 years at the Hospital for Sick 
ildren in London, an isolated secundum ASD was 
losed in 80 patients whose pulmonary arterial pressure 
was normal. Only 4 additional patients had pulmonary 
iypertension, 2 of whom are included in this study. The 
normotensive patients were 5 to 14 years old, and those 
ith pulmonary hypertension were 6 months to 7 years 
age. Also, pulmonary vascular resistance was elevated 
all patients in the present study (including 3 infants); 
ier series have included some infants in whom the 
sistance was not increased.!* 
ive of the 6 infants in the present study failed to 
espond to intensive medical therapy. Symptomatic 
infants can usually be managed conservatively, de- 
_ ferring surgery until the child is older,'+!2 but there are 
_ exceptions.!2 

_ Presentation of an ASD in infancy has been attri- 
ted. to.a primary abnormality of the pulmonary vas- 
lature causing persistence of the fetal circulation, the 
D being incidental. In the present study, however, 
he presentation and clinical findings were unlike those 
nin°babies with persistent fetal circulation. The 
pmoptoms i in the infants with an ASD were attributable 
o a high pulmonary blood flow due to a left-to-right 
hunt, whereas in babies with persistence of the fetal 
circulation, pulmonary blood flow is not increased. In- 
tead, there is pulmonary hypoperfusion, and cyanosis 
s due to a right-to-left shunt through persistent fetal 
nannels.!? However, a prenatal increase in medial 
ckness and in the medial surface area of pulmonary 
ascular smooth muscle has been found in 3 fetuses with 
ASD, suggesting that in some children the pulmo- 
ary circulation may be structurally abnormal before 
th.'4 In the same study, a greater increase in mus- 
arity occurred in 2 children who resembled the in- 
in the present series, dying in cardiac failure at 7 
weeks of age.' After birth, it is probable that at 
part of the increase in pulmonary arterial smooth 
iscle is secondary to an increase in pulmonary blood 
‘The immature lung is more susceptible to an in- 
ein flow than is the mature lung.!®-17 
in the present study the infants whose intrapulmo- 
lary arteries showed only medial hypertrophy were 
re sick and had a higher pressure than did most of the 
er patients, some of whom had more advanced pul- 
nary vascular. disease, But the muscularized in- 
inar arteries of the hypertensive lung have a dif- 
t appearance in the first months of life from that 
in older patients. In the infant the smooth muscle 
s are particularly large and plump, and the muscle 
is extremely thick relative to external diameter and 
erely narrows and sometimes even obstructs the 
en. It is not difficult to imagine that such change 
id produce greater elevation of resistance and a more 
abile pulmonary circulation than the less exuberant 
inge: found in older patients. 

this series the relation between the clinical and 
ogic findings in the symptomatic infants and the 




































































relatively. asýinpometic older children is not cle 
child did, however, present with heart failure ` 
months; at 4 years of age the child was clinically 
pathologically similar to children of similar 
suggesting that with growth a high pulmonary arter: 
pressure and pulmonary arterial medial thickness m. 
decrease. Other clinical studies suggest that th 
80,4412 Perhaps in some children the hypertrophy o 
media is too abundant to allow this to happen, a 
hyperreactive pulmonary vascular bed is associated 
uncontrolled heart failure and a higher operativ 
tality than is to be expected in the presence of 
tively simple cardiac defect. In 2 of the older í 
and in the man whose lung was biopsied at 21 year 
clinical and pathologic findings were similar to 
seen in adults with an atrial septal defect and pul 
nary hypertension, suggesting an accelerated progre 
sion of pulmonary vascular obliterative disease i int 
patients. 

Vein wall thickness was increased in 5 cases in 
present series. An increase in venous muscularit 
frequently seen in the presence of arterial medial 
pertrophy, and the relation is not understood. Left atri 
pressure is frequently normal, as in the present stue 
in which only Patient 2 showed a slight increase in me 
pressure with respect to age. 

The absence of pulmonary hypertension ‘in the VE 
majority of patients with a secundum ASD jis attribute 
to dilatation of the pulmonary arterial circulatio 
particularly of the proximal elastic pulmonary arterii 
However, the arteries were dilated in only 1 child i in 
present study; despite the increase in arterial s size, iù 
patient pulmonary hypertension was also severe. Of 
remaining cases, in 6 the intraacinar arteries were r 
duced in either size or number. The same features 
restricted pulmonary vascular bed are found in infan 
and young children with a ventricular septal defect: 
pulmonary hypertension. 18 

The variation in response shown by different i inc 
viduals to the presence of a large ASD is not understood 
Individual susceptibility to the development of pt 
monary hypertension is known to vary considerably 
Genetic factors are probably important in determi 
the amount of pulmonary vascular smooth muscle. 
the present series of children with a secundum ASD 
pulmonary hypertension, there was no predomin: 
of female patients. In a series of adult patients wit 
ASD who developed the Eisenmenger reaction; th 
male to male ratio, was 4 to 1.2! Women also ha 
greater tendency than men to develop primary pu 
nary hypertension i in adult life. The greater ten: 
of female patients to develop the Eisenmenger re: 
in ASD has been attributed to.an underlyin ab 
mality of the pulmonary vasculature akin to 
present in women with primary pulmonary hyper 
sion. There is no evidence to support this hypothesis 
children. 

The structural findings in the present study ilustra 
the difficulties of classifying pulmonary vascula ri 
in young children. In older patients, an increa: 
pulmonary arterial muscularity; as theo only st | 





























































































bnormality í is associated with a mild increase in pul- 
monary arterial pressure and a favorable surgical out- 
ome.® In infants, however, this is not always so, as the 
present study shows. Also, the same end result of in- 
creased muscularity and reduction in arterial size and 
number may represent a different type of structural 
change at different ages. Classification of pulmonary 
ascular change is necessary when describing. the 
athologic findings in a large population and when re- 
ting structural to hemodynamic findings. Particularly 
hildhood, however, it is preferable to describe pre- 
sely what is seen, rather than to use any system of 
sification which has certain clinical and prognostic 
ociations. 

Clinical implications: The rarity of pulmonary 
ypertension developing i in children with an isolated 
secundum ASD is emphasized. Also, the majority of 
ants who do develop pulmonary hypertension and 
cardiac failure respond satisfactorily to medical treat- 
The present study indicates that unfortunately 
the sick infants who have potentially reversible 
pulmonary vascular disease, while some asymptomatic 
Ider patients have more advanced disease which is less 
ikely to reverse completely when the defect is closed.?? 
Jespite the high mortality in the present series, in 
mptomatic infants who fail to respond to intensive 
medical therapy the defect is best closed immediately, 
both to improve the clinical condition and to prevent 
the development of further pulmonary vascular dam- 
age.4In asymptomatic older children, if a diagnosis of 
 asecundum ASD is made by 2-dimensional echocardi- 
ography alone, closure of the defect should not be 
postponed if there is any doubt that pulmonary arterial 
essure is normal. 
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Follow-Up Study of Paroxysmal Supraventricular 
chyarrhythmias After Operative Repair of a 
cundum Type Atrial Septal Defect i in Adults 


BERT O. BRANDENBURG, Jr., 


MD, DAVID R. HOLMES, Jr., MD, 


OBERT O. BRANDENBURG, MD, and DWIGHT C. McGOON, MD 


dults with isolated secundum atrial septal defect 

) may present with paroxysmal atrial tachy- 
ythmias. The clinical course of these rhythmic 
disturbances after correction of the ASD is unknown. 
Of 188 patients aged 44 years old or older with 
isolated ASD, 27 (14%) (mean age 52.7 years, 
range 44 to 71) had documented paroxysmal atrial 
chyarrhythmias preoperatively: 16 had paroxys- 
al atrial fibrillation, 2 had atrial flutter, and 9 had 
supraventricular tachycardia. ‘Among these 3 
oups, there were no differences in age, sex, New 
ork Heart Association class, duration of preoper- 
ative symptoms, mean right atrial and pulmonary 


septal defects (ASD) in adults may have various 
tations ranging from no symptoms with abnormal 

gs on chest roentgenography or electrocardiog- 

to severe disability with congestive heart failure 
pulmonary hypertension. In addition, paroxysmal 
praventricular tachyarrhythmias (atrial fibrillation, 
rial flutter, and supraventricular tachycardia) are 


atively common, particularly in older patients, Sand ` 


ay be the only presenting symptom. Operative repair 

SD has been well established as optimal treatment. 

igh improvement in hemodynamic and functional 

after closure of an ASD is documented, the clin- 

rse of paroxysmal supraventricular tachyar- 

hmias after operation is not well known. To assess 

condition, adult patients with secundum ASD who 

d documented paroxysmal tachyarrhythmias pre- 

eratively were studied to.determine the clinical course 
of the arrhythmias after operation. 


1 the Mayo. Clinic and ‘Mayo. Foundation, Rochester, Minnesota. : 


script received dune. 9, 1982, 3 acoeeied lea 9, 1982. 


arterial i pressures, shunt size, atrial size; 6 r fol 
period. After operative repair, follow-up da 
available in all patients for a mean of 12. 
(range 1.5 to 25). Of the 16 patients with pre 
ative paroxysmal atrial fibrillation, 14 (88 % | 
tinued to have increasingly frequent Paroxys 
atrial fibrillation, culminating in sustain 
brillation. In 1 of the 2 patients with paroxysmal 
flutter, sustained atrial fibrillation developed 

9 patients with preoperative paroxysmal ; 
ventricular tachycardia, 5 had no further. episode 
of this arrhythmia postoperatively. 


Methods 


The eons of all adult patients aged 44 years or older v wi 
ASD seen at the Mayo Clinic from 1955 to 1980 were reviewe 
Patients with atrial defects other than the secundu 
were excluded, as were: patients with other accompan: 
congenital cardiac anomalies. Also excluded were patien 
with other possible causes of atrial arrhythmia, includi 
mitral valve prolapse, hypertrophic cardiomyopathy, 
or pe rapes ane ps Wolff- Park 


had n no aaa ai mia (I) Fou o the att rhyth i 
by the referring physician or at the Mayo Clinic before « ope 
ation and they were excluded. The records of the remainit 
27 patients form the basis of this report. Shon 
There were 7 men teged 45 to. 54 years at operation, r j: 


(37%) were in class T, with paroxysmal tachycardia w onl 
symptom, the remaining patients were in fun 3 


episodes of tachycardia (approximate mean 30 
patient) from I month to more than 20 ye ; 
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’ All patients had sinus rhythm at the time öf- electrocardiographic recording. 
complete; EAP = ectopic atrial pacemaker; | = incomplete: LAE = left atrial enlargement; MI = myocardial infarction pattern (anterior wall) 
AD = right axis deviation; RAE = right atrial enlargement; RBBB = right bundle branch. block; RVH = right ventricular hypertrophy. 





Pr operative resting electrocardiograms were available in atively, number of tachycardia episodes, mean pul-. 

atients (Table I). All demonstrated sinus rhythm, except monary arterial and right atrial pressures, shunt size, 
ent with an ectopic atrial pacemaker. The electrocar- type of surgical closure, right atrial size, or follow- -up 

period. a 

Early postoperative arrhythmias: All 16 patients 

with preoperative paroxysmal atrial fibrillation had 

atrial fibrillation during the immediate postoper 

f a 14 to 46 mm Hg (mean 24) (19 patients), whereas the _ period. At discharge, 10 patients had returned to sin 

ght atrial mean pressure ranged from 4 to 20. mm Hg (mean rhythm, whereas 6 continued to have atrial fibrill 
18 patients). Left-to-right, shunts varied from 40 to. 76% Five of the 6 patients later had transient conve 

an 60%) (21 patients). 

“he operations were performed between August 1955and atrial fibrillation (Fig. 1). In contrast, 7 of 9 

ry 1980. The defects in 5 patients operated on between —_ with preoperative paroxysmal supraventricul, 


955 and November 1958 were closed with Ivalon® 
using the “atrial well: technique i whereas defects in cardia hast no early pes eta archythaga ( 


ed after 1958 used direct suture. Right atrial size was 
ted t operation on a scale of T (mild) tog (severe) i in 








delay, ventricular hypertrophy, axis, and the présence 
trial enlargement.’ Eighteen patients had preoperative 
ic E a at the Mayo Clinic, and 3 had it per- 


ventric ular tachycardia on the Grat an 
“postoperative days, and the other patient had a 1 
episode of paroxysmal supraventricular tachyca dis 
Results the second day. All 9 patients were in sinus rhy 
discharge. In both patients with preoperative 
Pre erative arrhythmias: Before operation, 16 ysmal atrial flutter, atrial flutter developed d 

had paroxysmal atrial fibrillation, 9 had par- postoperative period. In 1 patient, it persisted c 

5 supraventricular tachycardia,” and 2 had l a 

fh 


Paroxysmal atrial 
fibrillation - 


Atrial fibrillation in immediate postoperative period 
6 


Normal sinus: rhythm e=- Leaving hospital ———»Atrial fibrillation 
} ifto r, 5 (6 pt} 


Return of normal 
sinus rhythm 
(5 pt) 


` Contimed episodes Chronic 
of paroxysmal atrial 
atrial fibrillation fibrillation 
(1 pt) (14 pt) 


r1 sinus rhythm 
jut paroxysmal 


FIGURE 1. Course of patients (pt) with paroxysmal atrial fibrillation due 
a secundum atrial septal defect. 


on, 4 aii to have increasingly frequent epi- 
postoperatively, finally culminating in chronic 
lfi ibrillation. Only 2 of the 16 patients are currently 
us rhythm. One, a 51-year-old woman, now 13 
s after operation, continues to have 1 or 2 episodes 
of atrial fibrillation per year and requires digitalis. Be- 
ore operation, she had an 18-month history of parox- 
ysmal atrial fibrillation. The other patient, a 51-year-old 
with 7 episodes of atrial fibrillation before opera- 
on, has had no further episodes of tachycardia and 
res no medication (Fig. 1). 
e 9 patients with preoperative paroxysmal su- 
ventricular tachycardia were followed from 1.5 to 23 
's (mean 10). Five patients have had no further ep- 
des of sustained paroxysmal supraventricular 
yeardia postoperatively. As a group, the 5 patients 
operation had from 7 to >100 episodes of 
cardia over 3 to 20 years (mean 9). Three of the 5 
ents are currently taking no medication. Of the 9 
ents having preoperative paroxysmal supraven- 
icular tachycardia, 4 continued to have episodes of 
ptomatic tachycardia postoperatively, which 
adually decreased in frequency. One patient, a 47- 
-old woman, had 4 episodes during the first 5 
stoperative years and has been asymptomatic for the 
st 6 years while on digitalis and propranolol therapy. 
patient had had approximately 1 episode of 
ardia per month in the year before operation. A 
patient, a 45-year-old man, had 1 episode 4 years 
yperation and then was asymptomatic for the next 
after which he was lost. to follow-up study. A 
patient, a 53-year-old woman, has had approxi- 
ately 10 episodes during the 7 years since operation, 
t none for the past year and is taking no medication. 
e had 6 episodes of paroxysmal supraventricular 
cardia during the 2 years before operation. The 
patient, a 50-year-old woman, has also had ap- 
10 odes of paiosyamal supraventricular 


eration, but she felt that 


\ Paroxysmal sipraventriculak © | 
tachycardia 
(9 pt) 


Episodes of == Immediate postoperative -=== Normal sinus: r 
paroxysmal period no paroxy smal 
supraventriqular supraventri 
tachycardia tachyeardi: 
(2 pt) Chop): 


No further episode: 
of paroxysmal 
supraventricular tac 
(5 pty, 


Continued episodes of 
paroxysmal supraventricular. 
tachyeardia with 
decreased frequency 
(4 pt) 


FIGURE 2. Course of patients (pt) with paroxysmal suprav: 
tachycardia due to a secundum atrial septal defect, ; 


before operation. Preoperatively, she had 1 to 2 epi isod 
per week; 

One of the 2 patients with preoperative atrial fl 
had no further episodes for 12 years after oper 
This 54-year-old man had a short history of arrhyth 
preoperatively, with 2 disabling episodes of atrial flu 
during 1 month. The other patient, a 45-year-old m 
continued to have paroxysmal. atrial flutter, wh 
changed to chronic atrial fibrillation approximat 
years after operation. 


Discussion 


The favorable response to closure of an isolated A 
in older patients has been documented. ™48-13 Mar 
patients have a significant decrease in “palpitation 
after operation.!>13 However, no previous repor 
reviewed the. patient’s specific preoperative at 
tachyarrhythmia and follow-up clinical course after 
operation. 

The supraventricular arrhythmias in these pati 
are not unexpected. Cardiovascular disorders with atrial 
enlargement, atrial distention, or increased atria 
pressure are associated with an increased incidence ol 
supraventricular arrhythmias, including paroxysmal 
atrial fibrillation, paroxysmal atrial flutter, and pa 
oxysmal supraventricular tachycardia. +16. 

The electrophysiologic mechanisms involved. vary 
terms of mechanisms of onset and perpetuation, 
pending on the particular rhythmic disturbance 
atrial fibrillation, multiple circus movements or y 
lets of impulse transmission are probably involv 
The atrial fibrillation may be maintained, parti 
in dilated atria, because the number of circui 
with less chance of spontaneous organization 
mination." Atrial dilatation is the common paths ogi 
finding in patients who have atrial fibrillation of rece 
onset as ampara with patients who have chron olen 


the normal beart, ušnáliy being nasgdiaked | al 
dilatation and. conduction A 15 ) 


ad ae ased compared with that fi 









































anced automatic mechanisms have been de- 
scribed.2°-24 The precise mechanism in our patients is 
unknown, as electrophysiologic studies were not per- 
formed. The increased incidence of atrial premature 
contractions associated with atrial dilatation could 
initiate reentrant tachycardia in the atrioventricular 
node or atrium and could account for the increased 
frequency of tachycardia. 

‘The disparity in outcome between patients with 
reoperative paroxysmal atrial fibrillation and those 
ith paroxysmal supraventricular tachycardia was 
triking. All but 2 patients who had atrial fibrillation 
ventually had sustained atrial fibrillation as compared 
ith patients who had paroxysmal supraventricular 
tachycardia, whose rhythmic disturbance usually im- 
proved. There are several potential reasons for this 
ifference. Although atrial size was similar in each 
up, the patients with atrial fibrillation may have had 
e extensive atrial disease, leading to continued lack 
homogeneity with respect to conduction or refrac- 
iness and resulting in sustained atrial fibrillation. 
-ostoperative abolition of paroxysmal supraventricular 
tachycardia could be due to relief of atrial distention, 
hus reducing the tendency for atrial-ectopy and thus 

creasing the initiating mechanism for reentry. In 
ddition, surgical incision might disrupt a portion of the 
eentrant. circuit. 
Irrespective of the anatomic and physiologic sub- 
strates involved, paroxysmal supraventricular tachy- 
arrhythmia is relatively common in adults with ASD 
and may be the presenting symptom. The course of the 
arrhythmia postoperatively depends on its specific type. 
Paroxysmal atrial fibrillation tends to recur postoper- 
tively, finally culminating in chronic atrial fibrillation. 
n contrast, paroxysmal supraventricular tachycardia 
an be expected to gradually improve or disappear after 
peration. 
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ore homogeneous. Itis usually reentrant, ‘although j 
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Epicardial and Endocardial Activation in Patients 
Nith Endocardial Cushion Defect 


OBERT M. | 
DOUGLAS M. BEHRENDT, MD 


Epicardial and left ventricular endocardial activation 
ere assessed in 5 patients (aged 4 months to 9.5 
ars) with endocardial cushion defect (ECD) during 
ical repair. Epicardial activation was recorded 

n 40 to 47 sites over the epicardium; left ven- 

lar endocardial activation was measured at 3 
immediately after institution of cardiopulmo- 

nary bypass. Compared with the reported activation 
sequence in normal hearts, the pattern of excitation 
n hearts of patients with ECD was abnormal; epi- 
_ cardial excitation began at the left ventricular dia- 
phragmatic surface and spread laterally and ante- 
iorly over the anterobasal left ventricle. It then 
merged with right ventricular wavefronts ending 


_electrocardiographic and .vectorcardiographic 
ern of a left superior frontal plane mean QRS 
ectrical axis with a counterclockwise loop, commonly 
bserved in patients with both partial and complete 
rms of ECD, has been attributed by anatomic and 
hologic studies!? to posterior and inferior dis- 
acement of the atrioventricular node and His bundle 
ong with early take-off of the posterior fascicles of the 
bundle. Although data from previous electrophys- 
ogic studies?-° mapping ventricular activation in 
patients with ECD are consistent with these anatomic 
servations, these studies recorded activation from the 
ardial surface, but not the endocardial surface. The 
ent study was designed to examine the sequence of 
endocardial and epicardial activation of the left 

cle in patients with ECD and to correlate left 
cular epicardial activation with endocardial ac- 
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along the right ventricular anterior atrioven 
groove and outflow tract. Left ventricular end 
dial activation also occurred earliest in the 
phragmatic segment of the left ventricle with at 
wavefronts recorded laterally and anterior! 

This study demonstrates, for the first tim 
human subjects, correlation between left ver 
epicardial and endocardial activation in patie 
ECD. The data indicate that earliest endocardial 
epicardial activation occurs at the left ven icu 
diaphragmatic segments of the heart, and a 
sistent with the known posterior and infer 
placement of the specialized atrioventricular c 
duction system in patients with ECD. 


Methods 


Five children participated in this study (Table i, 3 fema 
and 2 males aged 4 months to 9.5 years. Preoperative el 
trocardiograms were obtained in all 5 patients; vectore 
diograms were obtained in 2. Simultaneous electrocard 
grams (using leads I, aVF, and Va) and ventricular elect: 
grams were recorded at surgery. All electrograms were. 
corded through bipolar electrodes (1: mm apart) connected 
an Electronics for Medicine V1250A amplifier. The signal was 
filtered through a band width of 30 to 250 Hz, monitore 
an Electronics for Medicine (VR12) switched-beam oscil 
scope and recorded on photographic paper moving at 100 
150 mm/s. Epicardial activation was recorded ‘from 40 to 
sites over the left and right ventricular epicardium, dey 
on individual heart size, before the initiation of car 
monary bypass. After institution of cardiopulmonary: 
the left ventricular endocardium was mapped t 
atrial septal defect and the mitral valve from 8 si 
posterior paraseptal left ventricle, (2) the anterolatera 
ventricular free wall, and (3) the anterior parasepta 
ventricle (Fig. 1). Esophageal temperature was maintain 
at 30 to 35°C during the study. The epicardial mapping 
cedure was completed within 15 minutes; left ventricu 
endocardial mapping was performed within 3 minutes 


measüred from the onset of the QRS ‘complex to the frs ; 
action deflection to cross the isoelectric line in the electrograi 
activation times in 5 to 15 consecutive sinu s beats. were n 
sured and a mean activation time was ci 
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“QRS axis within. 


ach mappi ng site in each patient were normalized by dividing 
local activation time by the latest recorded ventricular 
ctivation time overall and then multiplied by 100, Due to 
levation. or’ retraction of the heart during intraoperative 
mapping, the QRS duration recorded on the surface electro- 
ardiogram varied by approximately. 15%; activation. times 
were therefore corrected to baseline QRS duration. 

_ Definitions: Epicardial breakthrough (EBT) is the site of 
mergence of a radially propagating wavefront at the epicar- 
dial surface, producing an island of early activation sur- 
ounded completely by points of later activation.® Latest ep- 
ardial activation (LEA) was defined as the latest recorded 
entricular-activation.® 








Results 


each patient are summarized in Table I. The QRS 
luration ranged from 0:06 to 0.10 second (mean 0. 08). 
‘he mean frontal plane QRS axis was superior in all 


Both revealed counterclockwise frontal plane loops 


Septum 


The clinical, anatomic, and electrocardiographic data 


ses, ranging from 320 to 250° (average 286). Vector- 
rdiograms were obtained in 2 patients (Cases 1 and 


me oie Superior 
-Patient & Sex Diagnosis Duration (s) QRS Axis Rotation Frontal Plane (ms)* 
rman he Syr F ECD-P,. 0.09 290° CCW 30 
; cleft MV 
2 9yr 6 mo, F ECD-P, 0,10 250° 
eee cleft MV 
ToB 4yr, M ECD-P, 0.08 320° 
cleft MV 
4 1yr 10 mo, M ECD-P, , 0.07 300° 
cleft MV 
4mo, F : 0.06 270° CCW 28 





W= :- counterclockwise: ECD-C = endocardial cushion defect, complete; ECD-P = endocardial-cushion defect, partial; MV = mitral valve. T 


which became superior within 30 ms (30 and 28 ms, re- 
spectively). Analysis of scalar electrocardiograms on the » 
remaining 3 patients indicated superior counterclock- i 
wise frontal plane loops. ae 

Epicardial map: Epicardial maps were similar in all. 
patients. No difference was observed in the map from | 
the single patient (Case 5) with complete ECD. A typical 
example of local epicardial activation times (Patient 3) 
is depicted in Figure 2. The sequence of left ventricular | 
activation was abnormal; the usual left ventricular EBT 
site in the basal area of the anterolateral left ventricle? 
was absent: In contrast, earliest left ventricular act 
vation occurred at the diaphragmatic surface 15 ms after _ 
the onset of the electrocardiographic QRS complex. 
Subsequent left ventricular breakthrough was seen at 
25 ms along the apical anterolateral left ventricular wall. 
Latest left ventricular activation was observed at the 
basal area of the anterolateral wall, 47 ms after the QRS 
onset; latest right ventricular activation, which repre- 
sented the latest epicardial activation time recorded | 
overall, was demonstrated in the anterior right atrio- 
ventricular groove at 61 ms. o 
























FIGURE 1. Composite map of left ventricular endocardial 
activation, with. the lett ventricle opened’ as a book 
: Mapping sites (a) are shown at PP (posterior parson 
AP. anterior paronapieik and FW (res wall). Atriv: 





wn. Each data 
conds) of local 
ctivation occurs 


QRS onset. Activation then sweeps an- 

and laterally to merge with an anterior 
ventricular. wavefront. Terminal’ left 
entricular activation occurs over the antero- 
basal area. Terminal epicardial activation is 
recorded over the right ventricular inflow area. 
O = aorta; LA = leftatrium; PA. = pulmonary 
right atrium; SVC = superior 


icardial breakthrough: EBT sites for both the 
ventricle and the right ventricle are summarized in 
le IL. The distribution of left ventricular EBT sites 
was similar in all 5 patients. In each patient earliest left 
ntricular EBT (as well as earliest overall epicardial 
tivation) was demonstrated over the diaphragmatic 
ntricular surface, occurring 4 to 15 ms (mean 11.2) 

er the QRS onset. A subsequent left ventricular EBT 
as observed along the anterolateral left ventricle 

each patient (located toward the apical anterolateral 
ntricle in Patients 3 and 4). The mean activation 

t this left ventricular EBT site was 18.0 ms (range 

) he earliest right ventricular EBT site varied 

5 patients; in Patients 1 and 3, the anterior 

l right ventricle was activated 22 and 29 ms, 

ly, after QRS onset. The posterior right ven- 
activated in advance of the anterior paraseptal 
ventricle in patients 2 and 5 (23 and 20 ms, re- 
vely). The anterior paraseptal right ventricular 


ANTERIOR 


ANTERIOR 


LEET LATERAL DIAPHRAGMATIC > 


and posterior right ventricular activations we 
simultaneous (23 and 24 ms) in the remaini 
(Patient 4). i Oe 

Latest epicardial activation: The site an 
of LEA are summarized in Table IL. The latest 
ventricular activation site was abnormally locatec 
each of the 5 patients. In 4, the basal areas of the an 
rolateral left ventricle were activated 
after QRS onset, mean 45): in, Patient. 


ventricle were simultaneously activated (34 ms 
forming the site of latest left ventricular activation. ” 
diaphragmatic left ventricle was never the site of la 
left ventricular activation. The site of latest right ve 
tricular activation was in each patient the latest aci 
vated site on the ventricular epicardium, occurring : 
to 92 ms after onset of the QRS. In Patients Land 5 
inferior lateral inflow area of the right ventricle w: 
latest right ventricular site activated (63 and 5 


Ps, 
rth 
Hrt H 
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picardia and Endocardial Activation Data 


EBT Site, Timing (ms) 









Endocardial Activation Site 























right ventricular inflow area. 


espectively); in the remaining 3 patients, activation 
rminated over the high anterior right ventricular in- 
flow area near the proximal right coronary artery (61 to 
2 ms, mean 75). 

Pattern of epicardial activation: The pattern of 
picardial activation—earliest to latest—was examined. 
ecause the pattern of activation was similar in direc- 
on among the 5 patients, mean. percent of LEA for 
ch site among the patients was computed. A com- 
osite isochronic map for epicardial activation was 
onstructed using these mean values (Fig. 3). Earliest 
BT occurred at the diaphragmatic left ventricular 
urface at 25% LEA (mean 11.2 ms after QRS onset). A 
cond left ventricular EBT site occurred at the left 
entricular apical anterolateral surface at 34% LEA 
mean 18 ms after QRS onset). Epicardial activation 
egan over the diaphragmatic left ventricle and then 
sed with activation from the second left ventricular 
BT site. Left ventricular activation advanced anter- 
laterally to the basal area of the anterolateral left 
entricle. At 36% LEA (mean 23.4 ms) an anterior par- 
septal right ventricular breakthrough site was ob- 
rved. Activation from this epicardial site spread in a 
egular tangential manner over the anterior right ven- 
ricle to the atrioventricular groove and merged poste- 
orly with the advancing left ventricular wavefront. 
atest right ventricular activation (and overall epicar- 
ial activation) was recorded over the anterior basal 
ght ventricle. 

docardial activation: Directed by the anatomic 
arks of the mitral valve commissures, we mea- 
ured local excitation times at 3 widely separated left 
ular endocardial sites. The sequence of endo- 
lial activation recorded from our patients with ECD 
warkedly different compared with that recorded from 
olated adult human hearts by Durrer et al.” In 4 of our 
patients, earliest left ventricular endocardial excita- 
on was recorded from the posterior paraseptal segment 
nean 9.3:ms after QRS onset, 14% LEA). In Patient 5 
t ventricular endocardial activation at each of the 3 
Secured within a 4 ms span a3 to 17 ms After RRA 
} Uy simult earlies 














AALV = = = apical anterolateral left ventricle; ALV = anterior left ventricle; ALLV = anterolateral left ventricle; ARV = anterior right ventricle; BALV ` 
‘basal anterolateral left ventricle; DLV = diaphragmatic left ventricle: LV = 
VES 


Timing (ms) 

;: LV ` RV LEA Site, Timing (ms) Posterior Free Anterior 
` Patient EBT1 EBT2 EBT1 EBT2 LV RV Paraseptal Wall Paraseptal 
te DLV, 4 ALLV, 20 ARV, 22 PRV, 30 BALV, 50 RVI, 63 11 20 12 
2 DLV, 9 ALLV, 14 PRV, 23 ARV, 36 BALV, 47 RVI, 92 0 11 19 
3 DLV, 15 AALV,.25 ARV, 29 PRV, 36 BALV, 47 RVI, 61 8 35 39 
4 DLV, 14 AALV, 16. PRV, 23° ARV, 24 ae RVI, 71 18 25 24 

BAL 
a) DLV, 14 ALLV, 15 PRV, 20 ARV, 26 BALV, 37 RVI, 52 16 17 13 
lean (ms) 11.2 18.0 23.4 ee Ri: ves 10.6 21.6 21.4 
LEA. 25 34 36 17.4 33.8 32.6 













































left ventricle; PRV = posterior right ventricle; RV = right ventricle; 


onset of the electrocardiographic QRS complex. Sub- 
sequent endocardial excitation, on the average, occurred: 
at the left ventricular anterior paraseptal and antero- ` 

lateral free wall at 33% and 34% LEA, respectively (Fig. 
1). Thus, in 4 of our 5 patients, left ventricular activation 

sequence. proceeded from the posterior segment ante- 
riorly and laterally within the ventricle, an abnormal . 
sequence, ge 






Discussion 


In 1958, Lev! demonstrated anatomic posterior dis- - 
placement of the left bundle by anatomic dissection of 
the conduction system in 4 hearts with ECD. Subse 
quent anatomic studies? confirmed posterior displace- 
ment of the atrioventricular node, common bundle, and | 
short posteriorly directed left bundle fibers. In addition, _ 
anteriorly directed left bundle fascicles were decreased _ 
in number and increased in length; the right bundle 
branch fibers were also longer than normal. Durrer et: 
al? demonstrated with epicardial mapping abnormally | 
early activation of the posterior basal left ventricle; and: 
Spach et al,* using isopotential body surface mapping, _ 
recorded an abnormal pattern of ventricular activation © 
in ECD, best explained by earliest left ventricular dia- 
phragmatic excitation with subsequent spread of the | 
activation superiorly. The electrophysiologic study o! 
Boineau et al5 in 4 patients with ECD revealed earliest 
diaphragmatic left ventricular wall and later anterior 
left ventricular wall activation, with latest activation i in 
the anterior right ventricular epicardium. In the sam 
report, the sequence of endocardial Purkinje activati 
(recorded from a dog with congenital atrial septal de 
primum, by means of plunge electrodes) correspon 
to the aforementioned anatomic developmental as 
metry of the ventricular conduction system. Our da 
confirm these studies and correlate for the first time in _ 
human subjects recordings from both the epicardial and _ 
left ventricular endocardial surfaces of the heart. 

No published data of ventricular activation in human 
hearts from children of this age exist. Therefore, our _ 
data were compared. to activation sequences obtained - 
from studies i in adults with normal QRS : 
axis.67 In. our study, earliest e 
urred. on th 































e eft ventricle between 4 and 15 ms (Gagan o 
ewise, latest left ventricular epicardial acti- 


tion was abnormal; in patients with a normal QRS, 

t left ventricular epicardial activation occurred 
riorly 60 to 86 ms (mean 70) after QRS onset. In our 
ients, latest left ventricular activation never occurred 
inferiorly, but at the basal region of the anterolateral left 
icle. between 34 and 50 ms (mean 43) after QRS 


7 of pidid setivation in our patients 
rmal. In patients with a normal QRS 
and axis, anterior right ventricular epi- 
vation occurred before left ventricular epi- 
activation.® In general, depolarization of the 
sntricular outflow tract actually preceded post- 
obasal left ventricular activation. In contrast, the 
sequence of ventricular epicardial activation was altered 
in our patients with ECD; after early diaphragmatic left 
ventricular activation, the wavefront spread laterally 
d superiorly to the anterior left ventricle, with ter- 
minal anterior right ventricular activation. This ab- 
rmal early diaphragmatic left ventricular activation 
responds to the documented posterior displacement 
the His bundle and shortened left bundle fascicles 
irected toward the posterior wall,’ as well as a de- 
number, increased length, or both, of anteriorly 
cted left bundle fascicles and right bundle branch 
ers which has been observed in patients with ECD. 
ur left ventricular endocardial data corresponded 
the observed epicardial activation sequence; earliest 
t ventricular endocardial activation was recorded at 
e posterior segment with subsequent endocardial 
polarization occurring along the:anterolateral free 
all and anterior paraseptal left ventricle. This endo- 
l activation sequence differs from previously 
scribed activation in isolated normal human hearts.” 
of our 5 patients with ECD revealed earliest pos- 
rior left ventricular endocardial activation, followed 
ee wall and anterior paraseptal areas. Patient 5 
virtually simultaneous anterior, posterior, and 
all endocardial depolarization. The discrepancy 
atient may be explained by a lack of exact cor- 
spondence between the recorded and the actual sites 
arly left ventricular endocardial activation. 


and left ventriculat mass may contribute T ty $ 
meanrontal plane QRS axis in patients with EC 
tricuspid atresia. In view of the observation) t 


terior left ventricle to the hapheegunate|s left 

our data reinforce the interpretation of othe 
suggested that the major determinant of th 
mean frontal plane QRS axis in patients w 

due to the posterior and inferior displacem 
specialized atrioventricular conduction tissue. 

than to either congenitally or hemodynamical 
ventricular hypertrophy. Ventricular epicardial | 
endocardial mapping would further clarify these 
other variables (differential [right versus left] ve 
ular volume or pressure load), contributing to t 
perior QRS axis in patients with tricuspid atresi 
other congenital cardiac defects (such-as tetra 
Fallot, double-outlet right ventricle, pulmo 
nosis, and ventricular septal defect) which 
sociated with a superior mean frontal pla 
axis. 
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Five patients with clinical features of tetralogy of 
lot had subarterial doubly committed ventricular 
septal defect (VSD) with absence or deficiency of 
he infundibular septum. Two-dimensional (2-D) 
shocardiography differentiated this special group 
rom those with the usual Fallot’s anatomy. In ad- 
dition to the long-axis view of the left ventricle which 
showed the subaortic VSD and the aortic and mitral 
ibrous continuity, the short-axis view at the cardiac 





The usual type of VSD found in patients with Fallot’s 
tetralogy is large and subaortic: that is, it lies immedi- 
ately beneath the aortic cusps which form the superior 
border.’ The defect extends posteriorly to the tricuspid 
anulus. Thus, the posterosuperior border of the VSD is 
formed by the fibrous continuity between the aortic and 
tricuspid valves, and aortic. and mitral continuity i is also 
resent.” A variant form has been recognized in patients 
th the clinical features of tetralogy of Fallot in which 
the VSD is below the aortic valve and extends up into 
the right ventricular outflow tract beneath the pulmonic 
valve because part or all of the infundibular septum is 
bsent or deficient.?4 The posterosuperior border of this 
SD is separated from the tricuspid anulus by muscle 
id the superior border is formed by the aortic valve 
d also part or all of the pulmonic valve. It is rightly 
scribed as subarterial> but it is also doubly committed 
both aortic and pulmonic valves. In these patients the 
‘ht ventricular obstruction is mainly due to pulmonic 
stenosis. 34 Although this variant form may appear 
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Atypical Fallot’s Tetralogy With Doubly Committed 
Subarterial Ventricular Septal Defect 
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ne z echocardiographic findings w were sed fos comparis 


Diagnostic Value of 2-Dimensional Echocardiography 
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base clearly demonstrated the subpulmonary ex- 
tension of the VSD in the atypical group. Two-di- 
mensional echocardiography was found superior to | 
biplane angiography, which in 3 patients suggested 
the erroneous diagnosis of double-outlet right ven- 
tricle with pulmonic valve stenosis. This variant form- 
of Fallots tetralogy poses special surgical prob- o 
lems. a 


as a case of mild Fallot’s tetralogy, it requires a outflow 
patch enlargement across the pulmonic ring? : 

Before operation, an erroneous diagnosis of double : 
outlet right ventricle is frequently made from angio- | 
graphic appearances. The reliability of 2-D echocardi-_ 
ography in the recognition of Fallot’s tetralogy with : 
doubly committed subarterial VSD in 5 patients is re- 
ported herein. 





Methods 


Five consecutive patients aged 4 months to 28 years wit 
Fallot’s tetralogy and doubly committed subarterial VSD wer 
investigated between March 1981 and November 1981. The 
had full preoperative evaluation with 2-D echocardiograph 
and biplane angiography using conventional anteroposterior 
and lateral views. Additional angiography using the elongated _ 
right anterior oblique projection with 30° craniocaudal tilt was. . 
used in 2. The anatomy of the VSD and the right ventricul 
outflow tract was demonstrated at open heart surgery in 4 a 
at necropsy in T patient who died from cerebral damage wh 
occurred before an emergency Blalock shunt. 

The 2-D echocardiograms were performed with an'i 
vanced laboratory mechanical sector scanner at 3.0M 
(ATL-Mark 300). Patients were studied in the supine or le 
lateral 30° decubitus position. The transducer was placed 
obtain the long- and short-axis views from the paraster 
position, apical 4-chamber view, and the short-axis and 4 
chamber views at the level of the great vessels from the sub- 
costal position,® During the same. period, 20 patients:aged 6 
months to, 15 years with the classic form of Fallot’s tetralogy _ 
and subsequent. radical correction were studied: the 2- 































FIGURE 1. Anatomy of the ventricular septal defect (VSD) 
in patients with Fallot's tetralogy as viewed from the right 
ventricle (RV). Left, classic Fallot. Here, the ventricular 
septal defect lies beneath the aortic valve cusps (sub- 
aortic) and extends to the tricuspid anulus. It is separated 
from the pulmonic anulus by hypertrophied and displaced 
infundibular septum (IS). Right, Fallot tetralogy with doubly 
committed subarterial ventricular septal defect. The 
defect is still beneath the aortic cusps and does not ex- 
tend posteriorly to the tricuspid anulus. It extends into the 
right ventricular outflow beneath the pulmonic anulus; the 
infundibular septum is absent. 


Results 


Pathologic anatomy: The anatomy of the VSD in 
the 5 patients with the variant form was, at operation 
in 4 patients and at necropsy in 1, as described in Figure 
1. In all instances the pulmonic valve was stenotic, bi- 
cuspid, and associated with a small ring. The right 
ventricular outflow tract appeared narrowed despite 
absence (4 patients) or hypoplasia (1 patient) of in- 
fundibular septum; no infundibular ostium was present. 
There was fibrous continuity between the anterior mi- 
tral valve and the aortic wall seen through the defect. 

Two patients, aged 13 and 28 years, had associated 
aortic regurgitation due to prolapsing right coronary 
cusp, the aortic ring being completely calcified in the 
older patient. 

Two-dimensional echocardiographic findings: 
Classic Fallot’s tetralogy: The parasternal long-axis 
view of the left ventricle allowed clear visualization of 
the subaortic VSD, the malalignment of the ventricular 
septum, and the aortic-mitral fibrous continuity (Fig. 
2). The relation of the VSD to the aortic valve cusps and 
to the infundibular septum and pulmonic valve was best 
seen in the short-axis view of the great vessels from the 


FIGURE 2. Two-dimensional echocardiographic long-axis view of the 
left ventricle (LV) in a patient aged 6 years with classic Fallot's tetralogy. 
It shows the large aorta overriding the subaortic ventricular septal defect 
__+(VSD) and the aortic-mitral fibrous continuity. Ao = aortic valve; IVS 


= intraventricular septum; LA = left atrium; MV = mitral valve. 





parasternal and subcostal positions. In these views, it _ 
was obvious that the large VSD was beneath the right 2A 
coronary cusp and part of the noncoronary cusp ex- — 
tending to the tricuspid valve (Fig. 3). In both short-aste 


narrowed, and a conspicuous mass of tissue—hyper- y : 
trophied infundibular septum—was identified between 
the aortic and pulmonic anuli. The pulmonic valve was 
in the usual position, that is, anterior to the right of the — 
aortic valve in the echocardiographic image. a 

Fallot’s tetralogy with doubly committed sub- 
arterial ventricular septal defect: The echocardio- — 
graphic findings in the long-axis parasternal view were 
the same as in classic Fallot’s tetralogy, which were _ 
described and shown previously (Fig. 2). 

The position and anatomy of the VSD was also de- 
lineated in the short-axis view of the great vessels from 


iS 


FIGURE 3. Two-dimensional echocardiographic parasternal short-axis — 
view of the aorta from a patient aged 12 years with classic Fallot’s te- — 
tralogy. It shows the ventricular septal defect lying beneath the right — 
coronary cusp (R) extending to the noncoronary cusp (N). It reaches the 
tricuspid anulus by hypertrophied infundibular septum (IS). (This figure 4 
was retouched.) L = left coronary cusp; LA = left atrium; PV = pulmonic 
valve; RA = right atrium; TV = tricuspid valve. 
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g FIGURE 4. Two-dimensional echocardiographic parasternal short-axis 
jE view of the aorta in a patient aged 13 years with Fallot's tetralogy with 
| doubly committed subarterial ventricular septal defect. Here, the ven- 
| tricular septal defect lies beneath the right coronary cusp extending 
p to the left coronary cusp. It is separated from the tricuspid anulus and 
extends into the outflow beneath the pulmonic valve. The infundibular 
K septum is absent. (This figure was retouched.) Abbreviations as in Figure 
f 3. 
z 
_ parasternal and subcostal positions. However, in this 
| group the VSD was seen not only under the right coro- 
` nary cusp, but also extended to the left commissure and 
_ below the pulmonic anulus, being clearly separated from 
~ the tricuspid valve (Fig. 4). The right ventricular out- 
| flow tract looked mildly narrowed, and there was no 
| tissue separating the aortic and pulmonic valve rings. 
| In these patients both arteries appeared adjacent to 
_ each other. 
_ Angiographic findings: The right ventricular an- 
| giogram in the anteroposterior view showed the aortic 
and pulmonic rings side by side without the negative 
| image of tissue separating the valves below (Fig. 5, top). 
_ In the lateral view the VSD looked classically subaortic 
and the aorta appeared much more anterior than in 
classic Fallot, suggesting that the aorta was coming di- 
_ rectly off the right ventricle as in double-outlet right 
| ventricle (Fig. 5, bottom), aortic-mitral continuity was 
_ difficult to identify. In 3, aged 4 months to 28 years, the 
| appearances suggested discontinuity favoring the di- 
_ agnosis of double-outlet right ventricle and pulmonic 
| valve stenosis but 2-D echocardiography clearly dem- 
_ onstrated continuity. 
È: Discussion 
| Real-time 2-D echocardiography has been reported 
_to be helpful in demonstrating the intracardiac anatomy 
| in Fallot’s tetralogy.7® The standard parasternal 
| long-axis view allows appreciation of the dilated aortic 
_ root overriding a large subaortic VSD and is reliable in 
| demonstrating the aortic-mitral fibrous continuity. This 
_ was clearly seen in all of our patients irrespective of 
_ angiographic findings. However, in this view it was not 
_ possible to see the diagnostic subpulmonary extension 
_ of the VSD in the variant form with doubly committed 
_subarterial VSD since it is observed from the left ven- 
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tricle and thus appears to be only subaortic. The 
short-axis view at the cardiac base from parasternal 
position best demonstrated the position of the VSD in 
relation to the aortic, pulmonic, and tricuspid valves. 
The same view from subcostal position usually allows 
a better definition of certain anterior structures than 
can be obtained from the precordial position.® It was the 
best projection in assessing the morphology of the right 
ventricular outflow tract and specifically in detecting 
the absent infundibular septum in the 4-month-old 
patient. However, in the other 4 patients over age 12 
years, it was not a good view because of the long distance 
between the subcostal area and the base of the heart 
which impaired definition. 





FIGURE 5. Right ventricular angiograms from patients with Fallot's 
tetralogy with doubly committed subarterial ventricular septal defect. 
Both have severe pulmonic valve stenosis. Top, anteroposterior view 
from a patient aged 16 years. It shows the aortic and pulmonic valves 
side by side without the negative image of tissue separating the valves 
below. Arrow indicates the pulmonic valve. Bottom, lateral view from 
a patient aged 4 months. The aorta (Ao) appears to be coming directly 
off the right ventricle as in double-outlet right ventricle. Aortic-mitral 
continuity is difficult to identify. LV = left ventricle; PA = pulmonary 
artery; RV = right ventricle. 


: beer used for this Variant 
or m a Fallot such as Fallot with subpul- 
c,™4 subarterial,® or bulboventricular!® VSD. We 
Y ‘simple descriptive terminology rather than no- 
lature which involves imagination about cardiac 

i mbryology or development.. Fallot’s tetralogy with 
doubly committed subarterial VSD describes the defect 
simply. This entity is uncommon among series of Cau- 
sian or European patients with tetralogy of Fallot. 
ever, 4 of our 5 patients were Arabs from the Mid- 
East. Our: experience suggests that it occurs in at 
t 10% of patients with Fallot’s tetralogy from the 
ian Gulf, an incidence similar to that in the Japa- 


A history of true cy: anotic: attacks was not present in 
any of our 5 patients. This is presumed to be related to 
the absence or deficiency of part of the anteriorly dis- 
placed infundibular septum which prevents develop- 
ment of a labile muscular and subsequently fixed ob- 
struction in the right ventricular outflow tract. The 
severity of the right ventricular obstruction in these 

atients depends on the severity of the pulmonic valve 

enosis and on the hypoplasia of the infundibulum or 
ow tract of the right ventricle. After patching the 

D and opening the pulmonic valve once the ventri- 
otomy is closed, the surgeon may find important 
idual right outflow obstruction, irrespective of the 
asection of musele. This results because the patch in 

e closed VSD extends up into the right ventricular 

utflow where previously a hole had been present, 

ausing a narrowing beneath the pulmonic ring. Such 
ases require an outflow patch enlargement across the 
ilmonic ring, as did all 5 of our patients. Otherwise, 
ght ventricular failure and unexpected death may 
mplicate. the postoperative course in what was 
ught to be a “good risk” patient. 
: teoperative diagnosis may be difficult because in 
ne patients the angiographic lateral view may suggest 
iagnosis of double-outlet right ventricle with pul- 
valve stenosis. The absence of interposed muscle 
een aortic and pulmonic rings gives the erroneous 
ssion of both vessels being committed to the right 
tricle in a side-by-side position and appearing to be 
arated from the mitral valve. In the long-axis 
asternal view of the left ventricle, 2-D echocardiog- 
aphy clearly delineates the aortic-mitral continuity and 


ble-outlet right ventricle. ae 
Our patients were diagnosed : as having Fallo 
tralogy with doubly committed subarterial VSD be 
surgery; however, angiography had been thou 
show double-outlet right ventricle in 3. However 
giography was superior to echocardiography in assessin 
the size of the pulmonary arteries, particularly the 
which still remains as 1 of the unsolved challenge 
echocardiography. ne 
Two-dimensional echocardiography is a rele 
noninvasive technique for diagnosing Fallot’s tet: 
However, it is important as part of a routine evalt 
to delineate the VSD in both long- and sh 
parasternal views to see the boundaries of the 
relation to the aortic cusps and pulmonic £ 
Without the short-axis parasternal view, the doubl 
committed subarterial VSD with absence or deficier 
of the infundibular ‘septum may be missed: The surges 
particularly early in his experience, should be warn 
of the presence of this variant and the probleme 
may be encountered. 


Acknowledgment: We thank Marc de Leval, MD, 
operated on these patients and who carefully explained 
described the intracardiac anatomy. 
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he Gilectiveness of the “diving reflex” in treating 
aroxysmal supraventricular tachycardia (PSVT) 
0 infants aged under 6 months is demonstrated. 
o rhythm disturbances were encountered during 
e maneuver, even in patients receiving digitalis. 


MD, PASQUALE PALAZZOLO, MD, 
fARIO DONZELLI, MD, and GIUSEPPE SPATARO, MD 


The recommended water temperature is 5°C and _ 
the total time of facial immersion, between 6 and 7 
seconds. The diving reflex might be considered the — 
first therapeutic approach in infants under 6 months |. 
old with PSVT. 











































VT is a commonly observed pediatric emergency! in 
nts, and rapid conversion to sinus mechanism is 
perative. Many methods of treatment have been 
vocated, such as vagal maneuvers (stimulated by 
rotid sinus and unilateral eyeball pressure, induction 
of vomiting, breath-holding, or the Valsalva maneuver), 
hich have rarely been successful in terminating 
chycardia i in-infants. Other therapies such as intra- 
ious digitalis, verapamil, and direct current coun- 
rshock entail risks. 

mmersion of the face in cold water, which stimulates 
ie diving reflex, may stop attacks of PSVT in both 
ults and children,?~ but the procedure has not often 
een used i in infants with PSVT.*® We have used the 
ng reflex in the treatment of PSVT in 10 infants; our 
erience is reported herein. 


Methods 


‘The patients ranged in age from 14 days to 5 months (av- 
age 55 days). Seven were boys and 3 were girls. Only 1 pa- 
t had associated congenital heart disease (moderate pul- 
onary valvular stenosis). Three patients were receiving 
gitalis therapy (15 ug/kg/day orally) when hospitalized but 
ithout beneficial effect. 

ll but 1 had features of congestive heart failure as judged 
‘sweating, tachypnea, gallop rhythm, enlargement of liver, 
ipheral cyanosis, and restlessness. Five patients had type 
d 1 had type B Wolff-Parkinson-White syndrome, 2 had 
il electrocardiograms, and 1 had a short P-R interval 
ormal ventricular depolarization (Lown-Ganong-Levine 
n); The ventricular rate during PSVT varied from 270 
) beats/min (mean 295). The QRS configuration re- 
inchanged during the attacks in all patients. Carotid 
massage, unilateral eyeball pressure, and induction of 
ing were unsuccessful in stopping the PSVT in all pa- 
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produce the bradycardia connected with facial imme: 
+ sion. Apnea alone causes similar but much less extreme 
: cardiovasiiilar response. 


were manually closed to prevent aspiration. A precordial lead: > 
(generally lead V1) connected the patient to a continuous. 
writing electrocardiograph before and during facial immer- 
sion. The sensitivity of the recorder was adjusted for optimal 
amplitude to keep note of a satisfactory P wave. A defibrilla- 
tion machine was held in readiness throughout in case of se- 
rious ventricular tachyarrhythmias. A 24-hour Holter moni-.. 
toring was performed on every patient the day after the conz > 
version to sinus rhythm as a precaution and to confirm the . : 
results. ee 


Results 


In all patients in whom the diving reflex maneuver _ 
was applied, sinus rhythm was restored. immediately 
(Fig. 1). The diving reflex was used 13 times in the 10 
patients because in 1 patient PSVT recurred once, and ~ 
in another, twice. Ventricular arrhythmias did not occur 
during the maneuver or during Holter monitoring, even 
in the 3 patients receiving digitalis. After conversion to- 
sinus rhythm, all patients were treated with digitalis _ 
(digoxin orally 10 to 15 zg/kg/day) which was continued — 
for 1 year. Five patients were followed for 1 year, and ` 
none had any clinical recurrence of PSVT. a 








Discussion 


The diving reflex is an oxygen-conserving reflex — 
consisting of striking bradycardia and peripheral. 
vasoconstriction which results in increased blood flow... 
to the brain and heart. This reflex was first observed in 
diving vertebrates such as seals and ducks.’ In aquatic 
vertebrates, the diving reflex is strongly developed and 
occurs during both activity and rest. 

This reflex is initiated partly through the stimulata 
of afferent nerve endings in the area of the mouth and 
nose by the cold water. The efferent limb of the refle 
is mediated by increased sympathetic stimulation te 
peripheral vessels (except to the brain and heart) an 
simultaneously, by intense vagal stimulation to t 
heart.®° The increased vagal tone to the heart seems. 





















FIGURE 1. Continous tracing during immersion 

arrow) that shows conversion of PSVT to 
normal: sinus rhythm in approximately 3.5 
seconds, by breaking the arrhythmias in the 
‘etrograde limb of the reentrant circuit through 
the atrioventricular node. 


Investigations into the cardiovascular effects of facial 
immersion and into the factors affecting the diving re- 
flex in man!°-!6 have shown that the greatest decrease 

nthe heart rate was during breath-holding in cold water 
mmersion. Because the decrease in heart rate occurs 
rapidly and most prominently after facial immersion in 
cold water, diving bradycardia is believed to be a reflex 
mainly stimulated by facial immersion. Thus, asphyxia 
s not the main factor in evoking the diving reflex, but 
emains important in that it intensifies the bradycardia 
timulated by facial immersion. 
he first successful clinical applications of the diving 
eflex as a treatment for PSVT were recorded in 


The TA R of the bath used for immersion has 
n:noted to play an important role in decreasing the 
heart rate. 
= It was found that the vagal response becomes more 
ense when the temperature of the bath is <20°C, and 
t has been suggested that the diving bradycardia is 
ost profound at about 18°C. 1819 
Ventricular tachycardia has been observed in adults 
ter facial immersion for 30 seconds in an ice-water 
ath at about 4°C.°° Perhaps the severely cold tem- 
perature and the prolonged immersion resulted in a 
considerable catecholamine discharge which may have 
n responsible for ventricular dysrhythmias. 
The diving reflex can be induced quite easily; it is a 
noninvasive, painless, and rapidly reversible procedure. 
s maneuver is also useful in patients who are re- 
ng digitalis. This kind of treatment does not pro- 
protection against future episodes of PSVT and, 
urse, it cannot replace conventional prophy lactic 
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» course and management of 40 consecutive 
ewborns (aged <2 weeks) who presented with 
gns and symptoms of congenital heart disease 
ere reviewed to determine the impact of 2-di- 
ensional (2-D) echocardiography on their subse- 
uent management. Of the 40 patients. with con- 
enital heart disease, 60% did not undergo cardiac 
atheterization. Forty-two percent of the patients 
ho were treated surgically went directly to oper- 
n without preoperative cardiac catheterization. 
nly 40% of the patients with congenital heart 
isease required cardiac catheterization in. the 
born period, and 43 % of these procedures were 





noncardiac causes of cyanosis can be excluded by 
l or laboratory findings. In addition to the 
sical examination, laboratory results, chest x-ray 
3 and electrocardiogram, cardiac catheterization 
o date played a central role in the anatomic and 
odynamic assessment of the distressed newborn in 
cardiac malformation is suspected. In the last 
ars, 2-D echocardiography has also become es- 
ished as a tool for the diagnosis of congenital heart 

‘15 In addition, contrast!®!7 and Doppler!8-20 
graphy have enhanced the echocardiographic 
ition, and high-frequency transducers have in- 
d the feasibility of accurately examining the small 





















ause the 2: D echocardiographie examination may 
a definitive anatomic Taa o in cases of con- 


pact of 2-Dimensional Echocardiography on the 
lanagement of Distressed Newborns in Whom 
ardiac Disease Is Suspected 


(mean 3.5 days) were suspected of having a significant ce 
problem. Usually clinical examination had taker 
T the potential of a seri 
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‘primarily therapeutic (that is, balloon atrial sept- a 


ostomy). In each patient 2-D echocardiography | 
correctly identified the major cardiac malformation _ 
and there was good agreement with angiographic, _ 
surgical, and autopsy findings. The most commonl 
overlooked defect was a patent ductus arteriosus. 
Thus, 2-D echocardiography not only allows diag- 
nosis of congenital heart disease in the newborn but 
can expedite clinical management. No longer is 
cardiac catheterization necessarily the primary _ 
means for an anatomic diagnosis of congenital _ 
cardiac malformations i in the newborn. 















in directing medical or surgical management and in a 
changing the indications for cardiac catheterization. _ 
Although 2-D echocardiography is now an accepted part 
of the diagnostic evaluation, its impact on the subse- 
quent management of the newborn has not previously oo 
been emphasized. Perhaps a complete 2-D echocar-__ 
diographic examination may replace cardiac catheter- 
ization as the “examination of choice” in selected i 
newborns with congenital heart disease. ) 
This report. reviews the course and management. o 
40 consecutive newborns aged <2 weeks who pres 
with clinical features suggesting congenital heart di 
and emphasizes the increasing importance of hi 
resolution 2-D echocardiography in the evaluation. an 
management of distressed newborns. 






















Methods 


Forty consecutive: distressed newborns: aged: <2 : 










s cardiac malformatio ha 
examination. Appro 








m, and electrocardiogram 
the echocardiographie ex: 


oema examination was performed early i in 2- 2D Ae examination of cardiac’ a 
aera before management decisions (medical diac vascular structures was performed in each in 
dia ) usual 2-D echocardiographic scanning techniques hav 
le D. deseribed,!3 including the use of contrast!617 and 0l 
To assess therole of f echocardiography i in the Sey echocardiography. 18-20 
Echocardiographic findings were compared wi 
graphic and surgical findings when available (Tab 
riate further intervention € on the hasis of patients who died and were autopsied, the path 
ned at echocardiography. of the cardiopulmonary aoe was studied i 





Data in 35 Patients 


Diagnosis * 





: Procedure and: 
Echocardiography 





Clinical (Catheterization) 
| Managed Without Cardiac Catheterization (21 Patients). . 





“PA + VSD, ?PDA, UVH PA, DORV, PDA : ` NS: died, n o Au 
oPSvs TGA vs EA ` PA with IVS PV, BT Shunt: PDA) lig; died, no Au 
PA with PDA vs TA | PA, IVS, HRH, ASD, PDA + BT ‘shunt: PDA? lig. 
: s PA, IVS, HRH SPV BT shunt: POAT lig ooo 
UVH, ?7EA ` be me EA, ASD Waterston shunt; died, no Au 
; bi PS, TOF a 
; PA, dextrocardia, UVH, common AV Waterston shunt; Aut, asplen 
PAS j valve f ; 
Z PDAvs VSD ° PDA 
VSD, AS; R/O truncus PDA 
» PDA HLH PDA ; PDA lig; Au 
PDA PDA : 
i 2 PDA PDA lig; 
oe Paramembranous VSD Closure vsb & ASD? PDA 


i i ; temm VSD) 

VSD; R/O PDA, ASD TOF, ASD 

; ee Complete AV canat, PDA etn NS; died, no Aur 
Complete AV.canal ... Complete AV canai ; 
TGA vs PA/TA vs. HLH HLH : NS; died, no Au 
L-TGA with VSD, PDA, UVH HLH ; NS; died no Au: 

Severe AS Aortic -valvotomy: Poa lig 

TI PFC, PDA, PS AS 


interrupted arch; R/O TAPVC Shone's:syndrome 





_Required Therapeutic Cardiac Catheterization (Balloon Septostomy, 6 Patients) 





‘RVOT obstruct: j Severe EA, RVOT obstruct., ASD; BT shunt, PDA lig; Aut, patent R: i 
BE PDA? ay 


; ; : a TA, ASD PAB : 
PSvs PA vs EA vs TGA; R/O TAPVC TGA with IVS, PDA? 2 Septectomy ee 
Ee ac : sera TGA with IVS BT shunt, PAB; died, no Au 
IDM; R/O. TGA, PDA TGA with IVS Jatene procedure; PDA’ lig. Au 
; $ TGA with IVS, ASD; PDA : ; 


Required Diagnostic Cardiac Catheterization (8 Patients) 











CAVF vs AP:window vs PDA; R/O PS, ASD, interrupted arch; normal “PV 
AS, truncus arch, PDAt ats i 

VSD, ?PS PS, TGA, UVH BT shunt 

'. . PS vs TGA with IVS vs PA/TA HOCM RVOT myectomy; Au 
ore me Hypoplastic tricuspid valve, PFO 

VSD i : Paramembranous VSD; Closure VSD; PDAŤ jig 

PA with PDA Complete AV canal, common atrium, NS; Au 

ae a small LV and MV; PDA! 

HLH | interrupted arch, VSD, ASD, PDA; MPA-desc aorta graft, PDA 
Pha postductal coarc! l i 

Coarc, VSD.and PDA; R/O Interrupted arch, PDA, VSD Pulm art-desc aorta a PDA. 
interrupted arch 


\sterisks in this column indicate that:no definite clinical diagnosis was made before 2-D echocardiography was porfornned: T Addit 
ling at surgery. t Additional significant finding at catheterization. 
= aortic stenosis; AP = aortopulmonary; ASD = atrial septal defect; Au = autopsy; Au+ = additional finding at autopsy; AV, = 
lalock-Taussig: CAF = coronary arteriovenous fistula; Coarc = coarctation; DORV = double-outlet right ventricle; EA = Ebstein's 
ypoplastic left heart; HRH = hypoplastic right heart; HOCM = hypertrophic obstructive cardiomyopathy; IDM = infant of a diabet 
intact ventricular septum, lig = vl LV = left ventricle: MPA-desc = main pulmonary artery-descending; MV.= mitral valve 
d; obstruct Suction: = pulmonary atresia; PAB = pulmonary artery banding; PDA = patent ductus arteriosus; PF: 
‘O = patent foramen eae Pulm art-desc = pulmonary artery-descending; PS = pulmonary stenosis; PV = pul 
out; RVOT = right ventricular outflow tract; TA = tricuspid-atresia; TAPVC = total anomalous pulmonary venous cor 
8 } insufficiency: TOF = tetralogy of Fallot; UV intr heart; VSD 













































cardia dk order ( 5 ma (2) were hra without car- 
iac catheterization (21 patients), or (3) required either 
lerapeutic or diagnostic cardiac catheterization (14 pa- 
ents) 


Results 
atio 
: Nohcardiac disorders (5 patients): No structural 
ardiac abnormalities were found with 2-D echocardi- 
aphy in 5 cyanotic patients. Three patients had 
ersistent fetal cardiopulmonary circulation, 1 had 
ansient tachypnea of the newborn, and 1 had transient 
nosis. All were managed medically without further 
jagnostic cardiac studies. One patient with persistent 
tal circulation died from progressive hypoxia at age 
days. 
Congenital heart disease (35 patients): The 35 
borns with cardiac defects were reviewed in detail 
assess the influence of 2-D echocardiography on their 
management. Three basic groups were analyzed: (1) no 
additional diagnostic studies needed (21 of 35,60%); (2) 
diagnostic or therapeutic catheterization needed (14 of 
5, 40%); and (3) operation needed (19 of 35, 54%; 8 of 
these 19 patients (42%) had no preoperative cardiac 
catheterization). 
1. No: additional diagnostic studies’ needed: 
wenty-one patients (60%) underwent no further di- 
nostic cardiac studies in the neonatal period; 13 were 
anaged medically and 8 went directly to operation 
after echocardiography. Two patients (Cases 17 and 18) 
had currently uncorrectable cardiac anatomy (hypo- 
plastic left heart); 1 (Case 1) had trisomy 18 in addition 
double-outlet right ventricle with pulmonary atresia. 
Of the remaining 10 medically treated patients, 3 had 
a patent ductus arteriosus. Five patients (Cases 6 and 
14, tetralogy of Fallot; Case 16, complete atrioventric- 
ar canal; Case 20, supravalvular and valvular aortic 
osis; and Case 21, Shone’s syndrome) are currently 
ing treated medically. One patient (Case 13 Down’s 
drome) underwent closure of a ventricular septal 
ct at age 8 months, without preoperative cardiac 
theterization, and died postoperatively from respi- 
tory insufficiency. One patient (Case 15) with com- 
e atrioventricular canal died from severe congestive 
art failure at age 1 day. 
Eight. additional patients had no further diagnostic 
ies but proceeded directly to operation (see 











ed for catheterization: Fourteen newborns 
h cardiac anomalies detected with echocar- 
rhad cardiac catheterization in the newborn 
. Six patients (43%) underwent catheterization 
1 arily. for balloon atrial septostomy (therapeutic 
: eterization). After septostomy, angiography con- 
the echocardiographic diagnosis without dem- 
ng any other significant malformation. Four 
ases 4 to 27) had transposition of the great arteries, 
ee 23) had tricuspid atresia, and 1 (Case 22) had 

e Ebstein’s anomaly and associated pulmonary 











toed by 2- D hocada phy. One patient has been 


‘rectable cardiac malformation and 1 (Case 1 


hese 6 patiente, | the ba oon atrial Septon: Ren ñomy 18, All 3 died i in life. Seven pati 





1 its adéduiacy was con- 


managed medically and 5 subsequently required sur- 
gery, 3 of whom died. oe 

Eight (57%) of the 14 patients required diagnostic 
cardiac catheterization in the first 2 weeks of life. These _ 
catheterizations were done (in addition to 2-D echo- 
cardiography) either to permit further delineation of | 
extracardiac anatomy (Cases 28, 34, and 35) or to assess __ 
hemodynamic function (Cases 29 through 33). Inter- 
rupted aortic arch was suspected echocardiographically. 

in 3 patients, and cardiac catheterization confirmed this 
diagnosis in 2 (Cases 34 and 35) but not in the third 
(Case 28). Five patients underwent cardiac catheter- 
ization for hemodynamic data—2 patients to assess a 
right ventricular outflow gradient (Cases 29 and 30), 1. 
to evaluate tricuspid stenosis as a therapeutic baseline ~ 
(Case 31), 1 to determine the degree of atrioventricular 
valve regurgitation in the presence of complete atrio- 
ventricular canal (Case 33), and 1 with a membranous. 
ventricular septal defect to rule out associated muscular — 
ventricular septal defects (Case 32). Two patients were. 
subsequently managed medically and 6 were managed 
surgically, Three patients died, 2 treated surgically and 
1 treated medically. 

3. Need for operation: Nineteen newborns (54%) 
underwent surgery. Eight of the 19 surgical patients. _ 
(42%) underwent an operation soon after 2-D echocar- 
diographic evaluation without preoperative cardiac _ 
catheterization; 2 operations were for ligation of a pat- 
ent ductus arteriosus. Most of the operations (5 pa- 
tients) were emergency procedures and were confined 
to placement of a systemic-to-pulmonary artery shunt 
(Cases 2 to 5 and 7). One patient (Case 19) had an aortic — 
valvotomy. In 5 of the remaining 11 patients who had 
preoperative cardiac catheterization, this examination — 
was primarily therapeutic (balloon septostomy) and was - 
not used as the primary diagnostic procedure. fe 

For comparison with this recent experience, the | 
preoperative management of 25 infants aged <2 weeks _ 
who underwent surgery from 1977 through 1980. was 
reviewed. Ten distressed newborns with an isolated 
patent ductus arteriosus went directly to surgery a 
without cardiac catheterization. All of the remaining 15 ae 
patients had preoperative cardiac catheterization. In _ 
the present study, both patients with isolated patent 
ductus arteriosus went directly to surgery; however, 6. 
(35%) of the remaining 17 patients also went to surgery 
without catheterization. This later group consisted 
mainly of those who required an emergency sh 
procedure and did not require further anatomi 
eation other than that obtained with 2-D pons 
raphy (Table H). 


















Part Il 


Mortality: Sixteen (46%) of the 35 newborns s wi 
a cardiac anomaly ultimately died. In addition, 1 patien 
with persistent fetal cardiopulmonary circulation die 
Two patients (Cases 17 and 18) had a currently 
















ement 
_ 2-Dimensional Echocardiography 


0 Newborns in Whom Congenital Heart Disease Was sense lis and np: ct of 





ae 5 Noncardiac Medical 13 (62%) 
= Echo only 21 oaa 
ee 7 35 me ' Surgery 8 (38%) 


Cath 14 (40%) 


«No Catheterization 


Noncardiac Cardiac 


Diagnostic 8 (57% Vee ead 
Surgical 6 (75 % 


Therapeutic 6 (43% j- l l 
(balioon, septostomy) capt OLE 


Catheterization 


` Diagnostic Therapeutic 





Cath = catheterization; echo. = echocardiography. 


5 cs 25, 26, 30, and 34) died in the immediate post- 

perative period: Two patients. died from unrelated 

al problems-—-myotonic dystrophy (Case 10) and 

colostomy for imperforate anus (Case 33). Three 

1 its died late after operation: 1 (Case 13, with 

n’s syndrome) from respiratory insufficiency, 1 

ase 12) from septic shock, and 1 (Case 22) from ar- 

ythmias. One critically ill newborn (Case 15) with 

mplete atrioventricular canal died from congestive 
Beats failure in the first 24 hours of life. 


ngiographic-surgical-autopsy correlation 
Table I): In 24 (69%) of 35 patients evaluation of the 
iac defect with angiography, during surgery, or at 
psy (or more than 1 of these methods) was possible: 
with angiography, 13 during surgery, and 10 at au- 
sy. In all 24 patients, the major anatomic cardiac 
slformation was correctly diagnosed with 2-D echo- 
diography. The following lesions were missed or 
kenly interpreted by the echocardiographer: 
atent ductus arteriosus: Eight patients had an as- 
iated patent ductus arteriosus which was not visu- 
d with 2-D echocardiography but was found during 
theterization (4 patients), surgery (6 patients), or 
jutopsy (1 patient). Thus, in 8 (47%) of 17 patients with 
atent ductus arteriosus, the echocardiographer failed 
to recognize the lesion; however, in all 5 patients with 
an isolated patent ductus arteriosus, the echocardi- 
her did recognize the lesion. Patent ductus arte- 
‘was commonly missed when associated with 
more significant cardiac defects. 
racardiac anatomy: In 2 patients, 2-D echocar- 
rraphic assessment of extracardiac anatomy was 
complete. In 1 (Case 34) with a correct diagnosis by 
D echocardiography of interrupted aortic arch, an 
ditional distal coarctation was not recognized but was 
und:on angiography. In the other patient (Case 28), 
re valvular pulmonary stenosis was correctly diag- 
; however, the echocardiographic examination also 
rruption of the aortic c arch, wen was not 


Intracardiac anatomy: In 2 patients, 2-D « 
diographic assessment of intracardiac anatom 
incomplete. In Patient 13, in whom a correct d 
of a large paramembranous ventricular septal de 
made by 2-D echocardiography, 3 additional clini 
insignificant (<1.mm) muscular ventricular se 
fects were found at autopsy. The sizes of these 
ular septal defects were considered beyond the res 
tion of available echocardiographic instrumentat 
of no hemodynamic significance. In this same p. 
asmall secundum atrial septal defect was also. fou: 
surgery. In Patient 22, with a correct 2-D echocai 
graphic diagnosis of severe Ebstein's anomaly, ' 
ventricular outflow obstruction was suggested | by 
large amount of tricuspid valve tissue in the out 
tract. A right ventricular angiogram also showed 
blood exiting the right ventricle through the right 
tricular outflow tract, and a diagnosis of pulmon 
valve atresia was “confirmed.” However, at autops: 
right ventricular outflow tract was patent, and : 
echocardiographic and angiographic findings wer 
tributed to redundant tricuspid valve tissue in the 
ventricular outflow tract and severe tricuspid regur 
tation, both of which impeded forward blood flow 


Discussion 


Two-dimensional echocardiography has leco 
tablished as an excellent noninvasive tool for th 
nosis of congenital heart disease. It is particularls 
in the recognition of. altered ventricular anat 
it may be uniquely superior to angiography 
izing altered anatomy about the internal “cru 
heart (that is, the anatomic meeting point of 1 
and ventricular septa and the septal portii 
atrioventricular valves).!3 Two-dimensional e 
diography is less applicable for the complete assess 
of extracardiac. anatomy such as pulmonar 
distribution, coronary anatomy, mediastinal vas 
anomalies, or atypical coarctation. To this end, 
pler!®-29 and contrast-assisted!©!7 echocard 
have played an important role in the asses: 
certain extracardie cardiac 
















































of diagnosing most congenital heart diseases. In addition 
) anatomic delineation, flow and pressure hemody- 
namics can be appreciated qualitatively and quantita- 
tively. Over the past 10 years, M-mode and 2-D echo- 
cardiography have become accepted as excellent in 
diagnosing many structural (acquired or congenital) and 


tain functions heretofore obtained invasively with 
giography would be supplanted by a noninvasive 


tails the use of radiation”! and contrast medium and 
ssociated with morbidity and mortality, a technique 
at provides much of the same information with no 
izing radiation or contrast medium and little or no 
orbidity would be preferred. In our institution and 
hers, there has been a shift toward the noninvasive 
echnique either to supplement or to replace cardiac 
‘atheterization in selected situations. This has been 
urticularly noticeable in critically ill infants. This shift 
tilization appears to permit a more goal-oriented 
pproach to both procedures. There is an impression 
hat as fewer catheterizations are performed, there is 
10re selective utilization of angiography and more de- 
ndence on echocardiography as the diagnostic pro- 
dure of choice from which clinical decisions regarding 
rther management, medical or surgical, can be made. 
ith the introduction of high-resolution, 2-D sector 
hocardiography, this impact has been very noticeable 
fants, in whom altered hemodynamic function is 
often clinically predictable. Most sick newborns pre- 
nting with cyanosis or heart failure previously un- 
lerwent diagnostic cardiac catheterization. The only 
common exception was in patients with patent ductus 
rteriosus, in which the clinical examination was often 
agnostic. In a review of 15 newborns undergoing car- 
iac surgery (excluding patent ductus arteriosus) before 
phisticated 2-D echocardiography was available, all 
d preoperative cardiac catheterization. In this study, 
(6 of 17) of such patients went directly to surgery 
thout. cardiac catheterization. We attribute this 
ngeéin great part to the introduction of high-reso- 
tion 2-D echocardiography. 
In our 40 newborns, 5 were immediately recognized 
having noncardiac problems on echocardiography, 
nd they were managed accordingly. The most im- 
gressive feature is that in 27 (68%), the clinician used 
he echocardiogram and not cardiac catheterization as 
e primary imaging tool with which to direct further 
gement. Nineteen (54%) of 35 patients with con- 
J heart disease required surgery in the neonatal 
ight (42%) of these 19 patients went directly 
gery after 2-D echocardiographic examination and 
thout preoperative cardiac catheterization. Fourteen 
40%) of the 35 patients had cardiac catheterization in 
p neonatal period. These catheterizations were re- 
ested for 3 primary reasons: therapeutic balloon 
eptostomy, anatomic assessment, and hemodynamic 
uation. To these ends, the echocardiographer must 
erform a complete examination of the intra- and ex- 
cardiac anatomy. In this series the most common 
juest for cardiac catheterization was for further de- 














ardiac catheterization remains the standard means © lineation of extracardiac anatomy (that is, pulmonary | 

“and aortic arch anatomy), Confident echocardiographic 
recognition of a transposition complex permits the 
clinician to proceed directly to atrial septostomy with- 
out previous angiography. 

At our institution, both the clinicians and the sur- 
geons have had confidence in the echocardiographic 
data obtained. The physician doing the echocardio- 
graphic examination must be expertly trained and © 
knowledgeable. If this procedure is undertaken to re- 
place portions of the cardiac catheterization, the echo- 
cardiographic examination must be performed with 
comparable expertise. There must be a strong working 
relation among clinician, echocardiographer, an- 
giographer, and surgeon to bring about such a change 
in practice. When achieved, such use of the echocar- 
diographic techniques appreciably expedites manage- 
ment of the critically ill newborn and reduces the need 
for cardiac catheterization. 


modynamic cardiac abnormalities. It is logical that 


hocardiographic technique. Because angiography 
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Rest and Exercise Ventricular Function in Adults 
With Congenital Ventricular Septal Bi 


GE JABLONSKY, MD, J. DAVID HILTON, MD, PETER F P. UU, MD; 
HN E MORCH, MD, MAURICE N. DRUCK, MD, BEN-ZION BAR-SHLOMO, MD, 
and PETER R. McLAUGHLIN, MD, With the technical assistance of 


_ KATHY M. WINTER, BSc (N) 


Rest and exercise tight and left ventricular function 
ere compared using equilibrium gated radionuclide 
ngiography i in 19 normal sedentary control subjects 
an age 28 years, range 22 to 34) and 34 patients 

ı hemodynamically documented congenital 
ventricular septal defect (VSD) (mean age 27 years, 
range 20 to 40). The 34 patients with VSD were di- 
vided into 3 groups: those in Group 1 (17 patients) 
had pulmonary to systemic blood flow ratios of less 
than 2 to 1; those in Group 2 (12 patients) had prior 
surgical closure of VSD (mean interval from surgery 
17 years, range 9 to 22), and those in Group 3 (5 
atients) had Eisenmenger’s complex. Gated ra- 
onuclide angiography was performed at rest and 
iring each level of graded supine bicycle exercise 

o fatigue. Heart rate, blood pressure, maximal work 
oad achieved, and right and left ventricular ejection 
ns were assessed. The control subjects 
onstrated an increase in both the left and right 
entricular ejection fractions with exercise (0.70 + 


Few data are available on the effects of long-term vol- 
ume overload on right and left ventricular function.! 
However, patients with patent congenital VSD reaching 
lulthood provide an ideal opportunity to assess this 
ect because of chronic biventricular volume overload. 
t and exercise gated equilibrium radionuclide an- 
raphy has become a widely accepted noninvasive 
chnique for the evaluation of ventricular performance. 
Wackers et al? and Maddahi et al? validated the reli- 
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0.07 to 0.79 + 0.05 and 0.46 + 0.06 to 0.57 & 

p <0.001 for left and right ventricles, respectiv 
All study groups failed to demonstrate an 

in ejection fraction in either ventricle with : 
Furthermore, resting left ventricular ejectio 

in Groups 2 and 3 was lower than that in th 
subjects (0.59 + 0.09 and 0.54 + 0.06 vers 

+ 0.07; p <0.001) and resting right vent 
ejection fraction was lower in Group 3 versus 
subjects (0.30 + 0.07 versus 0.46 + 0. 
<0.001). Thus (1) left and right ventricular functi 
on exercise were abnormal in patients with resid 
VSD as compared with control subjects; (2) rest 
exercise left ventricular ejection fractions rem 
abnormal despite surgical closure of VSD in 
remote past; (3) resting left and right ventri 
function was abnormal in patients with Eisenm 
ger’s complex; (4) lifelong volume overload may 
detrimental to myocardial function. 





ability and vooréslieibiéy of this technique for the let 
and right ventricles, respectively. - i 

This study was undertaken to evaluate ventric 
performance in adult patients with isolated VSD 
gated radionuclide angiography. The result, 
compared with (1) age-matched normal contro 
(2) patients with VSD who had previously u 
surgical closure, and (8) patients with Hisenm 
complex. pes 















Methods 


Patient population: Thirty-four patients with previ 
angiographically proven isolated VSD were selected for ud 
from our adult congenital heart clinic follow-uy 
All patients were aged 20 to 40 years with no 
of coronary artery. disease or other concurrent f 
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i Peak 











Age at Last tional * Physical LV RV Work Load Peak HR X SBP.” 
(yr) Cath Class Conditioning (Rest/Ex) (Rest/Ex) (kpm/kg) (X 103 mm Hg/min) 
20 1.351 l Active 81/79 47/50 12.6 36.0 ; 

~ 20 1.4:1 | Active 64/60 35/42 9.2 19.5 
20 1.8:1 l Active 68/69 40/41 15.7 27.0 
21 1.3:1 | Active 66/63 46/46 10.3 22,4 
21 1.211 | Active 70/68 51/55 8.1 21.6 
21 1.5:1 l Sedentary 76/70 44/44 8.1 18.0 
22 1.5:1 | Active 60/60 40/53 10.8 20.0 
24 1.6:1 | Active 58/58 53/45 11.9 34.2 
25 11:1 | Active 63/66 32/48 13.3 25.5 
26 1.214 | Sedentary 76/69 43/47 8.8 17.3 
28 1.8:1 l Active 70/65 28/30 9.0 15.0 
28 1.41 l Sedentary 71/72 46/42 75 18.0 
29 1.3:1 | Sedentary 65/72 48/53 3.7 22.4 
29 1.2:1 l Active 64/62 40/41 11.0 22.8 
29 1.971 | I Active 81/79 55/57 6.3 18.4 
31 1.41 | Active | 81/66 56/42 9.5 39.1 
39 1.8:1 | Active 76/63 52/41 9.3 25.0 



























roup I: This group included 17 patients.(9 male and 8 
male) who had persistent small left to right shunts without 
he necessity of surgical correction (Table I). Their mean age 
. 25 years (range 20 to.39). All had undergone at least 1 
ardiac catheterization. The mean time lapse from the last 
atheterization tothe present was 12 years (range 0 to 18). The 
an pulmonary to systemic blood flow ratio at the time of 
last catheterization was 1.4 to 1. Mean pulmonary artery 
essure was normal at 16.7 + 3.5 mm Hg (mean + standard 
riation [SD]). All patients were in New York Heart Asso- 
tion (NYHA) functional elass-I; Thirteen of 17 patients 
ere physically active in sports.on a regular basis, whereas 4 
ere considered sedentary. None of the patients was partici- 
ating in any physical fitness training program. On physical 
mination all patients had findings typical of VSD. 

7roup 2: This included 12 patients (5 male and 7 female) 
had undergone surgical. closure of. VSD 9 to 22 years 
ean 17.years) before the study (Table II). Their mean age 
6 years (range 20 to 33 years). The operation was per- 
ed before the advent of present-day. techniques of car- 
plegia and myocardial protection. All patients were also 
NYHA n nass I: However, only 5 of 12 patients were active 





BLE II 
<o Detect (Group I) 





Cath = catherization; Ex = exercise; LV = left ventricle; RV = right ventricle; SBP = systolic blood pressure. 


physically. The remainder led.voluntarily sedentary lives“ 
without participation in regular sports activities. 

Group 3: This included 4 patients (1 male and. 4 female) 
with Eisenmenger’s complex documented at previous.cardiac ; 
catheterization. Their mean age was 33 years (range 24 to 40). ~ 
All were variably symptomatic with dyspnea on exertion.. Two 
patients were in NYHA class H; the remainder in class IT. 

Control: The control group consisted of 19 healthy volun: 
‘teers (15 male and 4 female) with.a mean age of 28 years (range 


22 to 34); This was comparable to the mean age of 27 years 


(range 20 to 40) in our overall study group: All of the volun: 
teers had a normal cardiac history and normal results pi SQ 
physical examination. 2 


Protocol: All patients had a complete history, physical 
examination, standard 12-lead electrocardiogram, post- 
eroanterior and lateral chest X-ray, and supine multiple-gated © 
equilibrium: cardiac blood pool scintigrams both at rest and 
with graded. bicycle exercise to fatigue. 


Radionuclide angiograms: Equilibrium gated radiónu- o 


clide angiograms were obtained by imaging the cardiac blood 


pool in the 45° left anterior oblique position with a 10° cranial | À : 





Clinical Characteristics and Gated Nuclear Angiographic. Results in Patients With Postoperative Ventricular Septal 
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; Size Level of Peak 
Before Physical LV RV Work Load 
Operation Conditioning ` (Rest/Ex) (Rest/Ex)’ — (kpm/kg) 












Ejection Fraction 




















Active. A844” 


Q 
a 
na 
„Q 
a 
ee 











3.21 Sedentary 61/50 3.2: 
fat Sedentary 67/83 36/39 7.3 
bre Active 66/68 43/55 7.9 

2.511 Sedentary 55/50 51/46 9.0 
ee Sedentary 67/66 §1/42 3.5 
FN Sedentary 66/67 38/35 15.0. 

3.0:1 Sedentary 61/59 45/47 7.3 

3.0:1 Active 61/65 47/51 11.3 ° 

Active 61/62 38/38 210.3 

14:1 Sedentary 41/28 40/34 oA 

2a Active 61/52 40/37 9.2... 

2:5:1 r 








sponse (+ Standard Deviation, 


beats/min). 


TABLE v -Systolic Blood Pressure napone a 
- Deviation, mm Hg) ; 





‘Control 


Subjects Group 1 Group 2 Group 3 





Control 


Subjects Group 1 Group 2 , 





76 + 15 


lest 72414 
f 
Y 
1424 20' 1214 914 


159 417! 


81 + 15 
t 
146 + 27° 


96 + 5* 


exercise 





119416.5 115413 1202 


Rest 122 + 15 
: ¥ am, 
158£27' 1858+25" 146 + 


Peak 197 + 327 
exercise 








ioi. * p <0.05 control subjects, Groups and 2 versus Group 3 at rest. 
p <0.001 rest -> peak exercise; all groups. * p <0.001 control 
1s; ond 1 versus Group 3 at peak exercise. 


after i in vivo labelling of red blood cells with 25 mCi of 
technetium-99m. 
_ Patients were imaged in the supine position using a portable 
gamma camera (Ohio Nuclear, Series Sigma 420) equipped 
with a general purpose parallel-hole. collimator: The camera 
and an electrocardiographic gate (Ohio Nuclear) were inter- 
faced to a dedicated computer (Digital Equipment Corpora- 
tion.11/40 or 11/60). > 
_ Rest studies were acquired for 200 cardiac cycles. Graded 
exercise studies were performed using a Quinton supine bi- 
rele ergometer as previously deseri bed. from our laboratory, 45 
rcise was started: ata work load of 200 kpm and increased 
200 to 300 kpm increments every 3 minutes to patient ex- 
ustion. At each level of exercise, a stable heart rate was at- 
tained before a 2-minute acquisition period. Heart rate, blood 
pressure, and a single lead electrocardiogram (lead II) were 
monitored throughout. the study. All control subjects and 
patients. were encouraged to achieve peak exertion to the limit 
of symptoms in the supine posture. 
Data analysis: All radionuclide angiographic analysis was 
performed on an 11/40 or 11/60 computer (Digital Equipment 
orporation) using Gamma II software. Data were initially 
ewed iman endless loop format to visually define the borders 
both the right and the left ventricles throughout the cardiac 
cle. The right and left ventricular end-diastolic and end- 
systolic frames were determined from time-activity curves 
rated from regions of interest surrounding both ventricles. 
egions of interest were assigned to both end-systolic and 
iastolic frames; the 2 ventricles. and a left and right 
ayentricular background region as previously de- 
d3 pf 
wo experienced. observers independently analyzed the 
jes, and the reproducibility of the data analysis was as- 
ssed by comparing their results. Interobserver correlation 
for both left and right ventricular ejection fractions in VSD 
atients as well as control subjects was excellent (r = 
88).46 
jection fractions (EF) were calculated by the following 
uation: EF = EDC. — ESC)</EDC)., where EDC), = 
ground corrected end-diastolic counts and ESC). = 
round corrected end-systolic counts. 


BLE V Mean Ejection Fractions (+ Standard Deviation) 


"p = NS all groups. ‘at rest. 7 p <0. 001 rest => peak 
groups t p <0.001 control neds versus Groups 1, 
exercise. 


Statistical analysis of the hange kon rest to exe 
each group was carried out with the 2-tailed paired 
Comparisons among the 4 groups were carried ou 
2-tailed unpaired Student's t test. KAES 


Results 


Heart rate and systolic blood: pressure resp 
(Table IIT): The resting heart rates (mean + SD) 
similar in Groups 1 and 2 compared wit! 
subjects (81 + 15 and 76 +.15 versus 72 + 1 
significant [NS]). However, Group 3 patients 
slightly higher resting heart rate (96 + 5; p < 
pared with control subjects, Groups 1 an 

All study groups demonstrated an increase 
rate with exercise. However, Group 3 pati 
lowest. peak exercise heart rate (121 + 9: 
compared with control subjects and Group 

Resting systolic blood pressure was simi 
study groups (Table IV). Peak exercise systo: 
pressure (systolic BP + SD) was again similar 
1, 2, and 3 but was significantly higher in ‘the: co 
subjects (158 + 27; 158 + 25; 146 + 23 versus 197 
p <0.001). 

Work load: The mean maximal woke load ach 
by control subjects (14 kpm/kg) was much high 
that in any of the groups with VSD. The mean m 
work loads in Groups 1 and 2 were moderately redu 
at 9.3 and 8.6 (p <0.001 versus control subjects) . 
markedly depressed in Group 3 at 4.1 kpm/kg (p < 
compared with control subjects; p <0.05 compared 
Groups 1 and 2). As may be expected, patients wl 
active were able to reach significantly higher pea 
loads than sedentary patients (p <0.01 in Group 
p <0.003 in Group 2). 

Ejection fractions (Table V): Normal subjects 
mean left ventricular. ejection fraction at rest 
ejection fraction + SD) was 0.70 + 0.07 andi 
to 0. 79 +0.05 at Beale exercise (p <0.001). T 
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0. 001 change i n ejection traction rest Tia peak exercise. | p <0. 001 ejec i on fraction rest versus control rest. We 
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| right ventricular ejection fraction at rest was 0.46 + 0.06 
' and increased to 0.57 + 0.04 at peak exercise (p 
~ <0.001). 
| Group 1 (Fig. 1, top left): Both left and right ven- 
| tricular ejection fractions were similar to those in the 
_ control subjects at rest; however, both ventricles dem- 
| onstrated a flat response to exercise, with a mean left 
| ventricular ejection fraction of 0.70 + 0.07 at rest and 
f -0.67 + 0.06 at peak exercise, and a mean right ventric- 
-ular ejection fraction of 0.44 + 0.08 at rest and 0.46 + 
. "0. 07 at peak exercise (p <0.001 versus control subjects 
| at peak exercise for both left and right ventricles). 
When physical conditioning was taken into account, 
_ this trend was still found to exist (Table I). The left 
ventricular ejection fraction at rest was 0.72 + 0.05 for 
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FIGURE 1. Left (L.V.) and right ventricular (R.V.) 
ejection fraction changes from rest to peak exercise. 
(Mean + standard error of the mean for each ventricle 
are on the sides of the individual responses.) Top left, 
Group 1 (nonsurgical patients); top right, Group 2 
(surgical patients); bottom left, Group 3 (Eisenmen- 
ger's complex patients). 


sedentary and 0.70 + 0.08 for active individuals. On 
exercise, both decreased to 0.71 + 0.02 for sedentary and 
0.66 + 0.07 for active patients (p = NS between seden- 
tary and active patients). Physical conditioning also did 
not account for an abnormal right ventricular ejection 
fraction response to exercise. 

Group 2 (Fig. 1, top right): The resting left ventric- 
ular ejection fraction was lower than that for control 
subjects (0.59 + 0.09 versus 0.70 + 0.07; p <0.001), 
whereas the right ventricular ejection fraction was 
similar to that of control subjects (0.43 + 0.06 versus 
0.46 + 0.06; p = NS). There was again a flat response to 
exercise for both ventricles, with a left ventricular 
ejection fraction at peak exercise of 0.58 + 0.14 and a 
right ventricular ejection fraction at peak exercise of 


es iat mth 4 bh i es sab Pito a i i| 





‘or both ventricles compared with 

L ts). Physical conditioning again did 

: ceourit for the marked deviation from the normal 

‘xercise response (Table II). 

Group.3 (Fig. 1, bottom left): Patients with Hisen: 

lenger’s complex had lower resting values for both left 

nd right ventricles compared with control subjects (left 

entricular ejection fraction 0.54 + 0.06 versus 0.70 + 

and right ventricular ejection fraction 0.30 + 0.07 

6 + 0. 06; p <0.001). The ejection fraction re- 

Teise for both ventricles was similarly flat 

‘(left ventricular ejection fraction 0.49 + 

ght ventricular ejection fraction 0.34 + 0.09 

eak exercise; p <0.001 compared with control 

jects). The mean ejection fraction response for both 
ntricles i in all groups is displayed i in Figure 2. 


Discussion 


Group 1: Patients with a small VSD (less than 2 to 
-pulmonary:systemic blood flow ratio with normal 
julmonary vascular resistance) are believed to have a 
ood overall prognosis with a functional status compa- 

le to that of the general population.®7 In fact, a sig- 

ificant proportion may undergo spontaneous closure, 

nd so far there is no evidence to suggest that an in- 
ase in shunt size can occur in these patients.!! 

_ Our results show that patients with small shunts had 

‘normal resting values for left and right ventricular 
jection fraction, but they significantly failed to increase 
ith exercise. The exercise response could not be pre- 
licted on the basis of history, physical examination, 
ectrocardiogram, or chest roentgenogram, as all pa- 
ents were in NYHA class I and had essentially normal 
lectrocardiograms and chest X-rays. 

The mean maximal work load attained was signifi- 

antly lower than that of the control group; however, 
tolic blood pressure and heart rate response were 
rmal in these patients. This finding could not be ex- 
lained by a sedentary level of physical conditioning, 
h was present in only a small number of patients 
of 17). This decrease in ejection fraction also did not 
elate with age of patients, size of shunt, physical 
itioning, of peak work load. 
veral explanations for these findings are possible. 
ventricles may respond to exercise by dilating and 
acreasing their end-diastolic volumes during exercise 
ith a constant ejection fraction. The stroke volume 
| increase during exercise as the end-diastolic 
me increased; however, this increase could indeed 
sent previously unsuspected. myocardial dys- 
ction secondary to chronic volume overload. 

Group 2: All operated patients in our study had 

ry through a right ventricular approach. All op- 
tions were performed before the advent of cardio- 
legia and modern myocardial protection, which may 
l be a significant factor influencing postoperative 

} yocardial function. Furthermore, 10 of 12 patients had 
ery after the age of 2 years, and the duration of 


rrected. hemodynamic insult in patients with VSD 


also be an important factor in predicting out- 


The level of t physio, conditioning again did : 
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for: both ventricles, whereas the ejection fraction increased 
ercise in both ventricles in the control subjects: Control group 
line; Group’ 1, short dashes; Group 2, dotted. line; Gre 
dashes, s 


not appear to explain the abnormalities in e 
ejection fraction (Table V): 

Several investigators have previously: comm it 
impaired ventricular function after surgical repa 
congenital VSD. Jarmakani etal! looked at the: 
ity-pressure relation as a measure of left ve tr 
contractility i in postoperative patients an. average 
years after successful surgical closure. The eje 
fraction was slightly depressed at rest in all pat 
studied. The same investigators looked at pre- 
postoperative catheterization data in 23 patients 
study the effect of VSD closure on left heart volu 
mass, and contractility. The postoperative cathe 
izations were performed 1 to 5 years after surgery, w 
a mean time lapse of 2 years. They found that altho 
there had been significant regression in left ventric! 
volume and mass postoperatively, the results wer. 
significantly higher than the normal values. Fur 
more, postoperative resting left ventricular eject. 
fraction was lower than both the preoperativ 
ventricular ejection fraction and that of their. 
control subjects (0.54 versus 0.60 and 0.63, resp 
They speculated that partially irreversible chang 
be present in the myocardium associated with the 
modynamic effects of VSD. 

Maron et al!6 studied the cardiac output and p 
monary arterial pressure response to upright exer 
in 11 asymptomatic postoperative patients. Exeri 
studies were carried out 3 to 15 years (mean 9.5) a 
operative closure of isolated VSD. Ten of the i patie 


terial pressure v was normal or mildly den ted atr 










atients. During upright exercise su 


onary arterial oxygen saturation to 30%, cardiac 
tput was below the normal range in 5 patients, each 
whom had been operated on after the age of 10 years. 
“he investigators suggested that late cardiovascular 
nction may be abnormal after repair of VSD and that 
e abnormalities may be related to age at operation. 
Ahmad and Hallidie-Smith!’ found no abnormality 
jection fraction at rest in the early postoperative 
od in their study patients, and they speculated that 
normalities of postoperative myocardial function 
sted by earlier studies may be related to the un- 
lability of currently used intraoperative myocardial 
preservation techniques. Further follow-up data on this 
up of patients will be necessary before this contro- 
rsy can be settled. However, this finding is still clin- 
lly important, as a large number of these patients are 
ing followed up by cardiologists. Therefore, baseline 
ocardial function determinations are important for 
ture comparison if any change in clinical status oc- 
sce a 
Group 3: At one extreme of the spectrum of popula- 
on with-chronic ventricular volume. overload is the 
ient with Eisenmenger’s complex. These patients 
d an extremely poor resting and exercise response as 
ured by all variables including heart rate and blood 
ssure response, maximal work load attained, and 
tion fractions of both ventricles. These patients 
sent the end-stage of biventricular volume over- 
ad and pressure overload on the right ventricle as well 
s the added detrimental effect of right to left shunting 
desaturated blood supplying hypertrophied viable 
ocardium. 
Tn summary, with the aid of nuclear angiography, 
ese data suggest the following: (1) The response of 
od pressure, work load, and ejection fraction of both 
and right ventricles to exercise in all patients with 
idual persistent VSD is abnormal compared with 
at of control subjects. (2) Rest and exercise left ven- 
icular ejection fractions may be impaired postopera- 
ly; and surgical closure does not appear to normalize 
tricular function in patients operated on in the re- 
te past. or after the age of 2 years, or both. (3) Resting 








































icient to lower 


-left and right ventricular function are abı 





cular func npa- 


tients with Eisenmenger’s complex. (4) Lifelong chronic 


volume overload, even to a small degree, may be detri- x 
mental to.myocardial function. 
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rognosis of Symptomatic Coarctation ot the 


ETER S. HESSLEIN, MD, FRCP(C), HOWARD P. GUTGESELL, MD, and 


DAN G. McNAMARA, MD 


Medical and surgical advances have improved the 
utlook for infants with symptomatic coarctation of 
aorta. To help predict the clinical course of in- 
ual patients and to aid in individualizing their 
tment, a 10-year experience with this condition 

as reviewed. Of 97 infants with symptomatic 
yarctation, 10 had isolated defects. In these pa- 
tients, medical treatment was successful and sur- 
cal intervention could be postponed to allow for 
owth. The 87 other patients with associated car- 


The natural: history of coarctation of the aorta in chil- 
en and adults has been well described in clinical! and 
psy studies.” Early studies specifically excluded 
fants: Surgical techniques to repair coarctation have 
proved the course of this disease in older children 
adults that the natural course can no longer be de- 
ned for this age group. In contrast, the manage- 
nt of symptomatic infants with coarctation remains 
oblematic, despite substantial medical and surgical 
vances during the last decade. The report of the 
enter New England Regional Infant Cardiac Pro- 
n (NERICP)* has provided some useful information 
on the mortality of this lesion in infancy. In the present 
study we have reviewed: our own recent experience with 
ctation in infants, placing emphasis on the role of 
ted intracardiac anomalies in determining 

y and o 
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diac defects were generally sicker at presen! 
and required earlier operation. Eleven of the: 
before surgical correction, 10 died at the i 
repair, and 13 died later. The overall surviva 
after 8 years was 62%, with most deaths occ 
in the first 6 months of life. Late surgical resul 
flawed by a 32% rate of residual sects 
postoperative hypertension is ‘uncommon, a 
usually attributable to. a residual coarctation. 


Methods 


We rained the records of 97 infants with aortic CO: 
tation and congestive heart failure who presented to T. 
Children’s Hospital between January 1, 1970 and Janua 
1980. The criterion for entry into this series was that c 
tation be documented at cardiac catheterization during í 
first:6 months of life. All patients received initial intens 
medical therapy consisting of digoxin and furosemide, a 
patients subsequently underwent surgical repair of coare’ 
tion. Eleven infants with complicated defects died befor 
pair was attempted, and 11 others.were awaiting repair at 
time of this survey. Surgical treatment consisted of i 
patch aortoplasty: as described by Reul et al? in 34 patien 
classic primary resection with end-to-end anastom: 
children, and. repair employing the left subclavia 
(Bialock-Park® or Waldhausen-Nahrwold? techniqu 
children. 

To ascertain the prognosis of coarctation in this 
patients, we performed a clinical follow-up with emj 
mortality, continued symptoms, the need for oth 
intervention, and the occurrence of unrelieved coarctati 
systemic hypertension after initial repair. The mean dur 
of follow-up, excluding the pane who died, is now 
months (5.2 years), 

Because. these patients widnifest! a broad range and 
bination of associated cardiac defects, they were classifie 
4 subgroups. Group T:consisted of 10 patients 
coarctation of the aorta. The mean follow-up for 


was 73 8 months. Group H included 
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* Excludes. 8 patients in.Groups III and IV with PFO but:ño shunt. 1 All 3 had complete atrioventricular canals, and are also listed above among ` 
p up 


SD, and, in.1-case, MR. 


Both patients had Taussig:Bing malformation, and are also listed above among TGA and VSD. 


= aortic stenosis; ASD = atrial septal defect; DORV = double outlet.right ventricle; ECD = endocardial cushion defect; EFE = endocardial, 
roelastosis: LV = left ventricular; MR = mitral regurgitation; MS = mitral stenosis; MV = mitral valve; PAPVD = partial anomalous pulmonary ~ 
us drainage; PDA. = patent ductus arteriosus; PFO = patent foramen ovale; TGA = transposition of the great arteries; VSD = ventricular seni i; 


ation and a left-to-right shunt lesion. The mean follow-up 
for Group II patients (excluding deaths) was 57.9 months. 
up II consisted of 15 patients with associated left-heart 
structive lesions (but no intracardiac shunts) who. were 
Ip for an ies of 81.3 months, Group IV included 


d shunt. lesions. The mean follow-up for Group IV survivors 
s 6. 0 months. Table I lists the Poh associated. Jesions 


ar ae sa aa data were analyzed for cach 
up as well as for the entire group, using actuarial and 


entation: Table IT summarizes the presentation and 
| course in infancy of our. patients. Because inclusion 


BLE i ‘Presentation and Mortality of Coarctation 


‘in the study required that the infants have signs and symp- 


toms of congestive. heart failure and have undergone cardiac. 
catheterization in the first6 months of life, they were all by 


‘definition sick infants. However, the patients with associated. 


left-to-right shunt lesions (Groups H and IV) tended to havi 
more. florid symptoms of pulmonary congestion than tho 
with single or multiple left. heart obstructions alone (Group: 
Land IID, and they were therefore studied and repaired, atal 
earlier age. : 
For 76 patients, repair of the coarctation was the first. fand 
sometimes only) surgical procedure performed. In the patients — 


‘with associated left-to-right shunts (Groups Hand TV), inci 


dental ligation and division of the ductus arteriosus wer 

performed during 43 (75%) of 57 repairs of coarctation, 
whereas pulmonary artery banding was carried out during 24- 
(42%) of 57 operations. Twenty-three of these infants had both: 





Group | i Group lI 
(n = 43) 


m= 10) 


Group IH Group IV 
(n = 15) (n =:29) 





edian age at catheterization ji 66 
(days) 
perative deaths 
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Treatment 
"Age at Death 





Associated Lesions Circumstances of 





Group © >» 


VSD, PDA, PFO 
VSD; neurologic 
deficiency and 
dysmorphism 
§ days Multiple VSD | 
7 days ECD; Down’s pion 


Group Ill 
EFE, small LV 


AS, parachute MV, MSS 
AS, parachute MV, MS, 
Turner's s Syndrome 


Group IV 


PDA, small’ LV, hypoplastic 
aortic: isthmus, ASD, VSD, 
parachute MV . - 

AS, parachute MV, poor LV 
function, PDA, VSD; 
anisosplenia 

AS, MS, PDA, VSD, 
small LV |. £ oe ; 

ASD, PDA, hypoplastic Shock 
aortic isthmus, small LV : Í a day 


IC cen intravascular coagulation syndrome; postcath = postcatheterization; SVT = supraventricular tachycardia. O 
n Table | : : 





10 days 


Refractory SVT, “shoo! 
2 years 


Unknown - 











~ Shock (po 


Shock (postca 


Unknown: 











pulmonary banding and ductal division concurrent to the 
air of coarctation. 

ter operations were ‘often required, most commonly 

osure of the ventricular septal defect and debanding of the 

monary artery. To date-11 ventricular septal defects have 

n surgically closed, and 12 of 24 pulmonary bands have 


Uncomplicated coarctation carried no mortality 
follow-up period of 73.8 months (median 2). El 
with complicated defects died before any sui 
tempted. Their course is summarized in Tabl 
of these children are believed to have died 
state and congestive heart. failure asa direct. r 


removed. Four patients underwent aortic valvotomy, 2 
baortic resection, and 1 each had a mitral commissur- 
subpulmonary resection, atrial septal defect closure, 
ricular canal; and: Blalock-Hanlon atrial 

tients required revision of the original 


a imulative mortales is expressed in tabular 
ble 1D) nd as an actuarial survival curve (Fig. 1). 


E Survival ‘of infants with symptomatic coarctation of the aorta. 
pir represent mean actuarial survival, +1 standard error of the 
Ther were no deaths Í in Grou l The other 3 groups had similar 


n parentheses reter tothe 


inning and end ofthe actuarial : 


cardiac disease; the remaining patient (Case 2 
overwhelming infection. Five of these patients (Cases 
7, and 10) were not offered surgery because of the sev 
associ ted cardiac and extracardiac defects. Three 
fants died in the catheterization laboratory, and 2m 
within 1 day of cardiac catheterization. One 
coarctation and multiple sites of left-to-right 


oc 


SURVIVORS (percent) 





































































“Persistent Residual Coarctation 





PARAN Systemic 
“Group CHF (Gradient 10 torr) Hypertension 
= 40) 0 3 1 
26) 0 9 1 
(n= 6) 1 3 1 
= 14) 5 3 0 
Total (n= 55) 6 18 3 





CHF = congestive heart failure. 


There were 13 late deaths after surgical repair of coarcta- 
tion, 5 of which were related to subsequent. surgical inter- 
vention for associated lesions. Of the 8 late nonsurgical deaths, 
8 occurred for reasons clearly related to associated cardiac 
anomalies, 2 were the result of overwhelming infection, and 
n 3 patients (1 each from Groups H, III, and IV) the cause of 
death is unknown. 

- Although there was some variability in the mode and timing 
of deaths among the postoperative groups with complicated 
lesions, the cumulative mortality for each of these groups was 
statistically comparable with the others. In actuarial terms, 
this translates to an overall 38% mortality rate over 8 years, 
with 42% of deaths occurring in the first month and 82% within 
2 years. 

_ Postoperative morbidity: Follow-up data at least 1 year 
after repair is available for 56 (75%) of 75 patients (Table IV). 
No patient in Group I or I had refractory congestive heart 
ailure after repair, and more than three fourths of patients 
with other left-sided obstructions were relieved of symptoms 
ter repair. Eighteen patients (32%) had continued evidence 
‘coarctation after repair, defined as a gradient between arm 
nd leg cuff pressures, or between proximal and distal in- 
fraaortic pressures, >10 torr. To date, 3 patients required 
vision of the coarctation repair, and these were all suc- 
cessful. 

We evaluated for the presence of systemic hypertension, 
fined as a systolic blood pressure obtained in the right arm 
th an appropriate-sized cuff, which exceeded the normal 
mean for age and sex by >2 standard deviations.® Three pa- 
nts (5%) met this criterion, 2 of whom also had evidence of 
residual coarctation. The presence or type of associated 
cardiac defects did not appear to influence the occurrence of 
late postoperative hypertension. 


Discussion 


© The management of symptomatic infants with 
coarctation of the aorta remains problematic because 
‘the high rate of mortality and morbidity in both 
rgically and medically treated patients. An update 
è natural and unnatural course of these infants can 
helpful in predicting the clinical course for individual 
ients and individualizing their treatment. 

atients with uncomplicated coarctation and con- 
tive heart failure have recently become a subject of 
ontroversy. This combination is uncommon, com- 
rising only 10% of the present series. In our experience 
nd in that of others,?-!! congestive symptoms could be 
ontrolled medically without incident until elective 
pair later in infancy or beyond, All.10 of our patients 
_ this. category were successfully treated medically 
ithout congestive faik Five had later Tepai in the 





“Hg, and 2 because of social considerations. ‘Overall, c our : 
10 patients with uncomplicated coarctation underwent 





repair. The specific technique of repair should dep 





repair at a median age of 10.5 months (mean 20.2). 
However, Waldhausen et al!? cited 2 cases of acute 
medical decompensation (including 1 death) as justi- 
fication for their recommendation of immediate surgical 
repair in infancy. Although repair of uncomplicated 
coarctation carries a low risk at any age, we are con- 
cerned that early repair will increase the likelihood of 
a suboptimal result in terms of residual gradient. In our 
own experience, both the end-to-end anastomosis 
technique and the Dacron patch aortoplasty procedure — 
have a significantly greater risk of a poor result if per- 
formed in infancy.!® Several studies have been cited 
as evidence that the subclavian flap technique effec- 
tively eliminates the effect of young age on surgical 
outcome. However, the follow-up period of these studies 
is brief, and data concerning the occurrence of residual 
gradient are scant or absent. At least 1 recent study, 
although not intended to be a comparative evaluation 
of surgical techniques, reported a higher rate of residual . 
coarctation after subclavian flap repair than for either 
primary anastomosis or patch aortoplasty.!* Until the : 
effect of age is conclusively shown to be minimized by 
the subclavian flap technique, we continue to recom- 
mend medical management and elective surgical repair 
during childhood for most patients with isolated : 
coarctation. Hs 
Complicated defects including sa a present at 
a different problem, where symptoms can be intractable _ 
and death.a very real possibility. Although recent im- 
provements in medical and surgical care have resulted | 
in a reduced mortality compared with older series,!° the ` 
26% infant mortality reported in this series remains 
formidable. The fact that 10 infants died a cardiac death 
before operative treatment not only underscores the 
serious nature of this disease complex, but also suggests 
that we have relied too much on medical treatment. 
alone in the past. However, the equal number of surgical | 
deaths serves as a reminder that, for some infants, no 
currently available treatment may be sufficient. The 
cumulative mortality and morbidity figures for the 3 
groups with complex defects are nearly identical, re- 
gardless of whether the associated defects consist pri- 
marily of a shunt, additional obstruction, or both. There 
is a difference between groups, however, in the cir- 
cumstances of death: 9 of 10 surgical deaths occurred | 
in Group II, whereas 9 of 13 late deaths occurred in 
Groups HI and IV. When we compared our series with | 
the earlier multicenter NERICP* group there wasa 
striking similarity in the proportion and type of as 
ciated cardiac and extracardiac anomalies, as well a 
the mortality risk of cardiac catheterization. Our m 
favorable early mortality experience probably reflec 
improvements in medical therapy as well as- a;tre 
toward earlier. and more effective surgical interventi 
In any event, coarctation in the form of a complex re- 
mains a dangerous condition requiring vigorous medical 
stabilization followed. shortly thereafter by surgical — 























' anastomosis, !®™20 we e liave oua no 

ificant difference in the effectiveness of these 2 
edures.!? Many centers now prefer the subclavian 
ap technique for repair of infant coarctation, but our 
jited. experience does not allow us to judge this 
nique. Simultaneous pulmonary artery banding for 
atients with ventricular septal defect should be con- 
ered on an individual; patient-by-patient basis, 

izing that isolated ventricular septal defect is 
enable to medical management and has the 

o close spontaneously. Pulmonary artery 

on the other hand, commits the patient to a 

urgical procedure. We therefore recommend 

the size of the ventricular septal defect be assessed, 
angiographically or echographically, as an aid in 
ciding whether or not a pulmonary band is needed. 
this series, 24 patients received a pulmonary artery 
and out of 53 with associated ventricular septal defect. 
ix children had ventricular septal defects that closed 
pontaneously, and 5 of these 6 avoided a second tho- 
cotomy because they had not received a pulmonary 
and. The 6th child required repeat operation to remove 
e pulmonary band and to resect a subaortic obstruc- 


onclusion: For infants with isolated coarctation of 
ithe prognosis is excellent. For those with 


ves early and vigorous management, the long-term 
nosis depends primarily on the specific associated 
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system-active agent (such as a beta-blocker) and a vasodilator, 

i: Capoten (captopril) is effective alone, but in the population described above, it should 
usually be-used in combination with a thiazide-type diuretic. The blood pressure lowering 
‘effects of Captopril and thiazides appear to be additive. 


! WARNINGS: Proteinuria—Total urinary proteins >1 g/day were seen in 1.2% of patients 
on (captopril, the nephrotic syndrome occurred in about ‘áth of these cases. Existence 
‘of prior-renal disease. increased the likelihood of development of. proteinuria. About 60% 
of affected patients had evidence of prior renal disease; the remainder had no known 
renal dysfunction. in most cases, proteinuria subsided or cleared within 6 months whether 
OF not captopril was continued, but some patients had persistent proteinuria. The BUN 
‘and creatinine were seldom altered in the proteinuric patients. 
Membranous glomerulopathy was found in nearly all the proteinuric patients an capto- 
pri who were biopsied and may be drug related; this is uncertain: since patients were not 
jpsied prior to treatment and membranous glomerulopathy. may be associated with 
(pertension in absence-of captopril therapy. Since most cases. of proteinuria occurred 
‘the 8th ‘month of captopril therapy, patients on captopril should have urinary protein 
n (dip-stick on 1st morning urine, or quantitative 24-hr urine—the latter provides 
reater precision. when proteinuria is persistent and/or at low levels) before therapy, at 
approx. monthly intervals for the 1st 9 months of therapy, and periodically thereafter. 
For patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 
and risks of continuing captopril should be evaluated. 
Neutropenta/Agranulocytosis—Neutropenia (<300/mm3) associated with myeloid 
jpoplasia (probably drug related) occurred in about 0.3% of captopril treated patients. 
bout half of the neutropenic patients developed systemic or oral cavity infections or 
ier features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
mand renal function impairment; about half had systemic lupus erythematosus (SLE), 
or another autoimmune, collagen disorder; multiple concomitant drug therapy was com- 
on, Including: immunosuppressive therapy in a few cases, Daily doses of captopril in 
ne leukopenic patients were relatively high, particularly in view of their diminished renal 
nction. The neutropenia appeared 3 to 12 weeks after starting captopril: it developed 
relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir, neutro- 
jhils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 
Use captopril with caution in patients with impaired renal function, serious auto- 
immune disease (particularly SLE), or who are exposed to other drugs known to affect 
he white cells or immune response. tn patients at particular risk. (as noted above), 
perform white blood cel! and differential counts prior to therapy, at about 2-week intervals 
‘about the tst 3 months of therapy, and periodically thereafter. 
The: risk-of neutropenia in patients who are less seriously ii or who receive lower 
dosages appears to be smaller, and it is sufficient in these patients to have white blood 
ell counts every 2 weeks for the tst 3 months of therapy, and periodically thereafter. 
erform differential counts when leukocytes are <4000/mm) ar. the pretherapy white 
count is halved. Alt patients treated with captopril should be told to report any signs of 
infection {e.g., sore throat; fever); if infection is suspected, perform counts without delay. 
fce discontinuation of captopril and other drugs has generally led to prompt return 
f the white. count to normal, upon confirmation of neutropenia (neutrophil count 
000/mm!) withdraw captopril and closely follow the patient's course. 


Hypotension—Excessive hypotension. was rarely seen in hypertensive patients but is a 
possible consequence of captopril use in severely sait/volume depleted persons such as 
those treated vigorously with diuretics, e.g, patients with severe congestive heart failure 
468 PRECAUTIONS [Drug Interactions]). 


IREGAUTIONS: General: Impaired Renal Function—Some patients with renal disease, 
particularly those with severe renal artery stenosis, have developed increases in BUN 
and serum. creatinine after reduction of blood pressure with captopril. it may be necessary 
4o- reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
malization of blood pressure and maintenance of adequate renal perfusion may not be 
possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
ry Findings]): Surgery/Anesthesia-—-During major surgery or anesthesia with agents that 
roduce. hypotension, captopril will block angiotensin {| formation secondary to com- 
_ pensatory renin release; if hypotension occurs and is considered due to this mechanism, 
-is.correctabie by volume expansion. 

Orag Interactions: Hypotension: Patients on Diuretic Therapy~A precipitous reduction of 
blood pressure may occasionally occur within the ist 3 hours after administration of the 
initial ‘captopril dose in patients on diuretics, especially those recently placed on diuretic 
therapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
tensive effects can be minimized by either discontinuing the. diuretic or increasing the 
Salt.intake about 1 week prior. to initiation of captopril therapy. Alternatively, provide 
medical supervision for at least 3 hours after the initial dose. If hypotension occurs. 
lace the: patient in a supine position and, if necessary, administer an I.V. infusion of 
hormal saline, This transient hypotensive response is not a contraindication to further 
doses which can be given without difficulty once the blood pressure has increased after 
‘lume expansion. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihyperten- 
e agents that cause renin release. 

‘Agents Affecting Sympathetic Activity-The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril alone or 
th diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
j captopril, but the overall response is less than additive. Therefore, use agents affecting 
ý pathetic activity (e.g. ganglionic blocking agents or adrenergic neuron blocking 
:) with caution, 

gents. Increasing Serum Potassium—Since captopril decreases aldosterone pro- 
elevation of serum potassium may occur. Give potassium-sparing diuretics or 
ium. supplements only for documented hypokalemia, and then with caution, since 
lead to a significant increase of serum potassium. If the patient has received 
lactone at any time up to several months prior to captopril therapy, determine 
um potassium frequently since the effect of spironolactone persists. 


‘ /Laboratory Test Interaction: Captopril may cause a false-positive urine test for 
sone: 

arcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 
t50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 
tential. 


imal Toxicology: Chronic oral toxicity studies were conducted in rats (2 years), dogs 
weeks; 1. year), mice (2 years), and monkeys (1 year), Significant drug-related toxicity 
ded. effects on hematopoiesis, renal toxicity, erosion /ulceration of the stomach, and 
‘ion: of retinal blood vessels. Reductions in hemoglobin and/or hematocrit Values 
i seen in mice, rats, and monkeys at doses. 50 to 150 times. the maximum recom- 
“mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 
suppression occurred in dogs at doses. 8 to 30 times MRHD. The reductions in hemos 
lobin and hematocrit values in rats and mice were only significant at 1 year and. returned 





äs: notad only-at:15 and. 30. times MRHD. ani thrombocytop 





courred to a varying Segre, being associated with dogs that died or were: sacri- 





have eit ier, failed to. respond satisfactorily ‘or developed unacceptable side effects. Us- D : 
, multidrug regimens include combinations of a diuretic, a sympathetic nervous” 


formal with. continued dosing by the end. of the: study: Marked anemia, was seen at: 

all dose levels (8 to-30 times MAHD) in :dogs; whereas: moderate to. marked leukopenia’. 
tia, at 30 ‘times MRHD 
he anemia could be reversed upon discontinuation of dost Bone marrow’suppression. = 





i ogs. 
creased in incidence at 20 and 200 ti MRHD i in male rats and at 30:and 65 times MRH 
dn dogs and monkeys, respectively. ‘Rabbits: developed gastric and: intestinal ulcers. whe 
given oral doses about 30. times MRHD for only 5 to: 7 days. In the two-year rat study, irri 
-versibie and progressive variations in the caliber of retinal vessels. {focal sacculatior 


“and constrictions) occurred at all dose levels (7 to 200 times MRHD) in a dose-relate 


fashion. The effect was first observed in’ the 88th. week of dosing, with a progressive! 
increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses 2 to 7 
times (on a mg/kg basis) the maximum recommended human dose. The marked: err 
bryocidal effect in rabbits was most probably due to the particularly marked decreas) 
in blood pressure caused by the drug in this species. Captopril given to pregnant rats 4 
400 times the recommended human dose continuously during gestation and lactatio 
reduced neonatal survival. No teratogenic effects (malformations) have been seen afte 
large doses of captopril in hamsters, rats, and rabbits. 

There are no adequate and well-controlled studies in pregnant women. Captopr 
should be used during pregnancy only if the potential benefit justifies the potential ris 
to the fetus, 


Nursing Mothers: Concentrations of captopril in human milk are about 1% of those | 
maternal blood. The effect of low levels of captopril on the nursing infant has not bee 
determined. Exercise caution when administering captopril to a nursing woman, ane i 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established althoug! 
there is jimited experience with use of captopril in children from 2 months to 15 year 
of age with secondary hypertension and varying degrees of renal insufficiency. Dosage 
on a weight basis, was comparable to that used in adults. Captopril should be usedi 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving abou 
4000 patients. 

Ranal-One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal in 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patient 
but relationship to drug use is uncertain. 

Hematologic—Neutropenia’ agranulocytosis (probably drug related) occurred in abou 
0.3% of captopril treated patients (see WARNINGS). Two of these patients develope 
sepsis and died. 

Dermatologic~Rash (usually maculopapular, rarely urticarial), often with pruritus an 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the’ 1s 
4 weeks of therapy. The rash is usually mild and disappears within a few days of dosag 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing ther 
apy: remission may occur even if captopril is continued. Pruritus, without rash; in “abou 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an -¢osino 
philia and/or positive ANA titers. A reversible associated pemphigoid-like lesion; ant 
photosensitivity have also been reported. Angioedema of the face, mucous membrane: 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on discontinu 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallor it 
2 to S of 1000 patients. 

Cardiovascular~Hypotension in about 2 of 100 patients. See PRECAUTIONS: (Orù 
interactions) for discussion of hypotension on initiation of captopril therapy. Tachycardi: 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardia 
infarction, Raynaud's syndrome, and congestive heart failure each in 2. to 3 of 40 
patients. 

Dysgeusia—About 7 of 100. patients developed a diminution oF losg of aste pergi 
tion; taste impairment is reversible and usually self-limited eveni.with continued drug 1 
(2 to 3 months). Weight loss may be associated with the joss of taste. Gastric.irritati 
abdominal. pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthoug uice 
peptic ulcer, dizziness, headache, malaise, fatigue. insomnia, dry mouth, dyspnea, 
paresthasias reported in about 0.6 to 2% of patients but did not appear at incre: 
frequency Compared to placebo or other treatments used in controlled trials; == 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although f 
causal rélationship has been established. A single case of hepatocellular injury wit 
secondary cholestasis has been reported in association with captopril use. A transien 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or rend 
vasculat bypertensive patients. in instances of rapid reduction of longstanding or severe! 
elevated blood pressure, the glomerular filtration rate may decrease transiently, alsi 
resulting in transient rises in serum creatinine and BUN. Smal increases in serum. potag 
sium concentration frequently occur, especially in patients with renal impairment $ 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with a 
LV. infusion of normal saline is the treatment of choice for restoration of blood: preg 
sure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour betor 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of blood pressur 
elevation, salt restriction, and other circumstances before initiating therapy, If possible 
discontinue the patient's previous antihypertensive drug regimen for one. week befor 
starting captopril. initial dose of CAPOTEN (captopril) is 25 mg tid. If satisfactory blogi 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased:to 50. 
tid. H the blood pressure has not been satisfactorily controlled after another 1 to:2 waeks 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg: daily) 
The diuretic dose may be increased at 1- to 2-week intervals until its highest usual anti 
hypertensive dose is reached. If further blood pressure reduction is required, CAPOTEN 
(captopril) may be increased to 100 mg tid. and then, if necessary. to 150: mg tid 
{while continuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maximu; 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discoritir 
tion of current antihypertensive therapy is not practical, or when prompt titration to.mor 
normotensive blood-pressure levels is indicated, current antihypertensive medication 
be stopped and CAPOTEN (captopril) dosage promptly initiated at. 25 mg tid., under¢ ji 
medical supeivision, The daily dose of CAPOTEN (captopril) may be increased every. 24 
hours until a satistactary blood pressure response is obtained or the maximum. captop 
dose is reached. In this regimen, addition of a more potent diuretic, e.g., furosemide 
may alsa. be indicated. Beta-biockers may also be used in conjunction with captop 
therapy (see PRECAUTIONS [Drug Interactions}), but the effects of the 2 drugs ‘are less 
than additive. ee 

Dosage Adjustment in Renal impairment--Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal fune 
tion. These patients will take longer to reach steady-state captopril levels and will teact 
higher steady-state captopril levels for a given daily dose than patients with normal rena 
function. Therefore, these patients’ may respond to smaller or jess frequent doses: Ac 
cordingly, for patients with significant renal impairment, initial daily dosage of CAPOTE! 
{captopril j should be reduced, and smaller increments utilized for titration, which should 
be quite slow (1+ to. 2-week intervals). After desired therapeutic effect has been. achiev 
dose should: be slowly back-titrated: to determine ‘minimal effective. dose. When ‘con 
comitant -digretio-therapy is: requi a loop diuretic (e.g.; furosemide); rather, than 
ide tic, is preferred irr patients with severe renal impairment, : 
scribing information, consult package insert. 


2D: Available: in table of 3 50,.and 100 mg in bottles of 100, and H 
dose packs of 

















































































quilibrium Radionuclide Gated Angiógraphy | in Patients : 
fith Tricuspid Regurgitation 


UCE HANDLER, MD, DAN G. PAVEL, MD, RAYMOND PIETRAS, MD, 
VEN SWIRYN, MD, ERNEST BYROM, PhD, WILFRED LAM, MD, and 


NETH M. ROSEN, MD 


Equilibrium gated: radionuclide angiography was 
performed in 2 control groups (15 patients with no 
ganic heart disease and 24 patients with organic 
art disease but without right- or left-sided valvular 
jurgitation) and in 9 patients with clinical tricuspid 
jurgitation. The regurgitant index, or ratio of left 
right ventricular stroke counts, was significantly 

ver in patients with tricuspid regurgitation than in 
her control group (range and mean + standard 
rror of the mean 0.4 to 1.0, 0.7 + 0.1 versus 1.0 to 
5, 1.3 + 0.1 and 1.0 to 2.9, 1.5 + 0.1, respectively, 
001). Time-activity variation over the liver was 

i to compute.a hepatic expansion fraction which 

s significantly higher in-patients with tricuspid 
jurgitation than in either control group (1.4 to 11.4, 

+ 1.0% versus 0.6 to 3.4, 1.9 + 0.3% and 1. 0 

1, 2.3 + 0.2%, respectively, P <0.001). Fourier 
ysis of time-activity variation in each pixel was 

to generate amplitude and phase images. Only 


uspid regurgitation can present a difficult clinical 
agnosis, particularly when other cardiac lesions are 
esent. Although first-pass radionuclide angiography 
sed to support the diagnosis in 1 case of traumatic 
spid regurgitation,! equilibrium radionuclide gated 
giography has not previously been employed to es- 
lish a diagnosis of tricuspid regurgitation. In this 
y: ‘computer-processed results of equilibrium ra- 
uclide angiography including Fourier analysis of 
ractivity. variation inpatients with clinically 
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pixels with values for amplitude at least 7% 
maximum in the image were retained in the 
display. All patients with tricuspid regurgitat 
> 100 pixels over the liver automatically reta 
the computer. These pixels were of phase cc 
rable to that of the right atrium and approxim 
180° out of phase with the right ventricle. | 
trast, no patient with no organic heart diseas 
only 1 of 24 patients with organic heart diseas 
any pixels retained by the computer. __ 

In conclusion, patients with tricuspid regu 
were characterized on equilibrium gate 
raphy by an abnormally low regurgitant i 
9 patients) reflecting increased right ven 
stroke volume, increased hepatic expansion f 
(7 of 9 patients), and increased amplitude of 
variation over the liver in Phase with the righi 
(9 of 9 patiens), : 


manifest tricuspid jecureitation ‘were compared 
results in 2 control groups, | consisting of patients 
no organic heart disease and 1 consisting of pati 
with organic heart disease but no clinical evide 
right- or left-sided valvular regurgitation. Mi 
ments of cardiac regurgitant index, hepatic exp: 
fraction, and amplitude and phase over the live 
abnormal i in patients with tricuspid regurgita 


Methods 


Patient selection: Three groups of patients were 
those with no organic heart disease, those with c organi 
disease but without right- or left-sided valvular regurgi 
and those with tricuspid regurgitation. Criteria for inclu 
of patients with no organic heart disease were normal. resul 
on cardiovascular examination, normal heart size on ¢ 
X-ray,-and normal left ventricular ejection fraction and’ 
motion on equilibrium gated angiography.. Absence of d 
monstrable organic heart disease was supported by M 
echocardiography and cardiac catheter! ation ` w 
raphy i in some patients. si ; $ 







































































nce of right- or left-sided valvular regurgitation on his- 
i physical examination, and noninvasive studies. All pa- 
its in the group had cardiac catheterization to confirm the 
gnosis and all had equilibrium gated angiographic 


Ve 

riteria for inclusion of patients with tricuspid regurgitation 
ere the presence of at least. 2 of the following 3 findings on 
; sical examination: abnormal CV wave in the internal 
ilar venous pulse, a systolic murmur at the left lower 


able. expansile liver. An equilibrium radionuclide an- 
raphic study was performed in each patient. Other inde- 
ndent data for the presence of tricuspid regurgitation were 
evated right atrial pressures and large right atrial CV waves 
cardiac catheterization, saline microbubbles visualized for 
east 4 beats at the right atrial inferior vena caval junction 
n 2-dimensional echocardiography,” visible systolic bulging 
an enlarged right atrium and a palpable thrill over the right 
ial: wall) during cardiac surgery, regurgitation of contrast 
terial into the right atrium during right ventricular angi- 
aphy, surgical tricuspid valvectomy, and autopsy evidence 
grossly dilated right atrium, ventricle, and tricuspid valve 
lus: eo 

Eguilibrium gated radionuclide angiography: Each 
udy was performed with the patient in the supine position 
sing in vivo red blood cell labeling with technetium-99m.4 
large field of view camera (Siemens) was positioned to ob- 
in the best septal left anterior oblique view of the heart- with 
10 to 15° caudal tilt. Data: were acquired (Informatek Simis 
computer) using 64 frames per cardiac cycle with 250,000 to 
00,000: counts per frame and stored on tape for processing. 

Computer processing for calculation of left ventricular 
ection fraction and assessment of left ventricular regional 
all motion employed methods previously described.5-8 The 
ft ventricular regurgitant index was calculated as the ratio 
f left ventricular stroke counts to right ventricular stroke 
counts.” The stroke counts were obtained from left and right 
ventricular time-activity curves of the respective regions of 
terest by subtraction of the respective ventricular end- 
systolic from the end-diastolic counts for each patient studied. 

This allowed for right ventricular end-systole to occur during 
different frame from left ventricular end-systole. 

Hepatic expansion fraction: In each patient the entire 
d-of-view image at end-diastole was used to manually 
utline for computer processing a region of high activity below 
tothe right of the heart thought to correspond to the liver. 
‘he upper border of this region of interest was determined by 
lowing a trough of activity between the heart and the liver. 

‘his-border was drawn tightly to avoid including the heart 
tself Hepatic counts for each time frame were determined 
the computer. A time-activity curve for the liver was then 
erated. A hepatic expansion fraction was calculated using 
lowing formula: hepatic expansion fraction = (maximal 
ts. minimal counts)/minimal counts. Maximal and 
al counts were chosen by numerical value regardless of 
frame i in which they occurred during the cardiac cycle (see 


easurement of hepatic expansion fraction was evaluated in 
study patients. Independently calculated values by 2 of us 
iffered by 0.1, 0.1, 0.2, and 0.3 percentage points, respec- 
ively. 

‘Fourier analysis: Amplitude and phase analysis was per- 
ormed using the first Fourier harmonic of time-activity 
ariation in each pixel to generate amplitude and phase im- 
ges. Each displayed pixel was color coded according to its 
alue for amplitude and phase, respectively.!0-12 


lusion of patients with organic heart disease 
i presence of diagnosed heart disease without clinical- 


| border that increased in intensity on inspiration, and — 


tion on Fourier analysis). Interobserver variability in the 





EI Results of Equilibrium Gated Angiography 





oh “OHD, p 
: No OHD No TI Tl Value 
LVEF (%) 68 + 2 4846 §3 + 5 NS 
Ri 1340.1 15401 07401 <0.001 
HEF (%) 19403 232402 5841.0 <0.001 
Hepatic 0/15 1/24 9/9 tes 
amplitude 
present/ 
total patients 





Values are the mean + standard error of the mean. HEF = hepatic ae 
expansion fraction; LVEF = left ventricular ejection fraction; OHD = 
organic heart disease; RI = regurgitant index; TI = tricuspid insuffi- 
ciency. 


Organs that have large changes in blood volume during the 
cardiac cycle, such as the heart, have high amplitude and well 
defined areas of coherent phase. However, organs. not exhib- 
iting ordered variation of blood volume during the cardiac 
cycle, even though they may contain a large volume of blood, 
such as the spleen, have low amplitude values and random ` 
phase. The former accentuates the statistical uncertainty inc = 
the calculation of phase values in such organs. Therefore, to: 
eliminate areas of low amplitude and uncertain phase, 2 steps 
were taken. An amplitude threshold of 7% (of the maximal 
amplitude value of the entire image) was.used to eliminate all 
pixels of low amplitude. The specific value of 7% was chosen 
empirically to best separate the control and study groups. 
Isolated clusters of 4 or fewer pixels, which also may represent 
statistical uncertainty, were automatically eliminated from. 
the final amplitude image. The final phase image was derived © 
from the final amplitude image. Thus, pixels eliminated from 
the amplitude image were also eliminated from the final phase 5 
image. a 
The phase image depicts pixels according to their respective 2 
phase relative to a 0° phase reference! (with the entire 
cardiac cycle representing 360°) and represents the relative’ 
timing of count variation. Structures that fill and empty 
synchronously, such as the right and left ventricles, have 
similar phase. Structures that fill and empty in opposition, 
such as the left atrium and left ventricle, have a phase dif- 
ference in the vicinity of 180°. 

Statistical analysis: The left ventricular ejection fraction, 
regurgitant index, hepatic expansion fraction, and amplitude’ 
and phase images for the 3 groups of patients were compared. 
Statistical analysis was carried out using Scheffe’s method for. 
analysis of variance. > 


Results 


Clinical characteristics: Fifteen patients with no 
organic heart disease comprised the first control group. © 
They were aged 15 to 58 years (mean + standard de- _ 
viation 31 + 12). Six patients were women and 9 were _ 
men. The clinical diagnosis was supraventricular 
tachycardia in 6 patients, noncardiac chest pain in 3, 
primary conduction disease in 2, and pancreatitis, < 
pneumonia, gastroenteritis, and vasovagal syncope in 
1 patient each. By study design, each patient had es- 
sentially normal findings on cardiovascular examination _ 
and normal cardiac size on chest X-ray. Additional in- 
dependent data for the absence of heart disease in- — 
cluded no significant abnormalities on M-mode echo- __ 
cardiography (11 of 11 patients) and normal cardiac 
catheterization with 4 angiography (8 of 8 patients). 
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GURE 1. Regurgitant index is plotted on the ordinate. Each point 
esents 1 patient. Left column, values for patients with no organic 
disease (no:OHD); middle column, values for patients with organic 
sease but without valvular insufficiency (OHD, no TI); right 
values for patients with tricuspid insufficiency (TI). Mean value 
control patients is significantly higher than that of patients with tri- 
spid insufficiency (p <0.001). SEM = standard error of the mean. 


“Twenty. four patients, aged 50 +14 years (range 14 
9), with organic heart disease but without right- or 
ided valvular regurgitation comprised the second 
trol group: There were 8 women and 16 men. The 
al diagnosis was atherosclerotic heart disease in 
tients, cardiomyopathy in 8, mitral stenosis in 1, 
iscellaneous cardiovascular diagnoses in the re- 
ing 5. In each patient, the cardiovascular exami- 
was appropriate for the clinical diagnosis and did 
pecifically suggest any right- or left-sided valvular 
gitation. The clinical diagnosis in each patient was 
irmed by cardiac catheterization and angiog- 
raphy. 
Nine patients, aged 41 + 8 years (range 20 to 45), with 


icuspid regurgitation comprised the study group. Five. 


atients were women and 4 men. ‘The clinical diagnosis 
, rheumatic heart disease in 5 patients, tricuspid 


tomy for bacterial endocarditis in 2, congenital | 


lisease in 1, and mixed-connective tissue disease 
econdary pulmonary hypertension in 1. On 

ical examination, 7 patients had abnormal jugular 
_CV waves, a positive Carvallo’s sign, and an 
yansile liver. The remaining 2 patients had abnormal 
ular venous CV waves and an expansile liver without 
ocumented Carvallo’s sign to establish the presence 
tricuspid regurgitation on clinical grounds. Inde- 
ndent data for the presence of tricuspid regurgitation 
ere cardiac catheterization with elevated mean right 
pressure and an increased right atrial CV wave (6 
patients), positive contrast echocardiography (4 of 
ae positive findings at cardiac surgery G of 2 


geohe e esso 


no OHD OHD, wT Te 


FIGURE 2. ‘Hepatic expansion fraction in percentage i is plotted: 
ordinate. Each point represents 1 patient. Left column, values 
tients with no organic heart disease (no OHD); middie column, v 
for patients with organic heart disease. but without valvular insu 
(OHD; no TI); right column, values for patients with tricuspid 
ciency (Tl), Mean value: for control patients is significantly lowe 
that of patients with tricuspid. insufficiency. (p <0. rn 


patients), positive contrast right ventricular angio 
phy (1 of 1 patient), surgical tricuspid valvectom: 
patients, and postmortem evidence of a grossly di 
right atrium, ventricle, and tricuspid valve anulu 
patient. 

Equilibrium radionuclide angiography (T b 
I): For patients with no organic heart disease, left ve 
tricular ejection fraction ranged from 60 to 75% (m 
+ standard error of the mean 68 + 2%). For patien 
with organic heart disease without valvular regurgit: 
tion, left ventricular ejection fraction ranged from 
to 82% (mean 48 + 6%). For patients with tricus 
regurgitation, the left ventricular ejection fra 
ranged from 22 to 74% (mean 53 + 7%). Difference 
between each control group and the study group wel 
not statistically significant. 

For patients with no organic heart disease, t 
regurgitant index ranged from 1.0 to 1.5. (meni 13. 
0.1). Normal in our laboratory is 0.9 to 1.7.9 For pa 
with organic heart disease but without valvu 
ficiency, the regurgitant index ranged from 1.( 
(mean 1.5 + 0.1). There was no significant differe 
regurgitant index between these 2 control groups 
contrast, in patients with tricuspid regurgitation, 
regurgitant index ranged from 0.4 to 1.0 (mean 0. 
0.1), which was significantly lower than that: in eai 
control group (p <0.001) (Fig. 1). Two patients wi 


- tricuspid regurgitation had a regurgitant index with 


tant severe periprosthetic aortic regurgitation dem 
strated by aortic. root t angiography. The other patir 
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FIGURE 3. Hepatic expansion fraction. Left, end-diastolic image and 
outlined hepatic region of interest in a control patient (above) and a 
patient with tricuspid insufficiency (below). Right, corresponding 
time-activity curves for the hepatic regions of interest. Counts are 
represented on the ordinate and frame number on the abscissa. Note 
the ordered variation of hepatic activity during the cardiac cycle in the 
patient with tricuspid insufficiency. 


had concomitant severe mitral regurgitation demon- 
strated on left ventriculography. 

Hepatic expansion fraction (Table I): For patients 
with no organic heart disease, the hepatic expansion 
fraction ranged from 0.6 to 3.4% (mean 1.9 + 0.3%), re- 
flecting the absence of substantial count variation over 
_ the liver during the cardiac cycle. For patients with or- 

ganic heart disease without valvular regurgitation, the 
hepatic expansion fraction ranged from 1.0 to 5.1% 
(mean 2.3 + 0.2%). There was no significant difference 
in the hepatic expansion fraction between these 2 con- 
trol groups. 

Four of 24 patients (17%) with organic heart disease 
without valvular regurgitation had values for hepatic 
expansion fraction that were above the range of those 
in patients with no organic heart disease. However, in 
none of these patients did the peak of hepatic activity 
occur simultaneously with or within 1 frame of the nadir 
of right ventricular activity (see later). 

For patients with tricuspid regurgitation, the hepatic 
expansion fraction ranged from 1.4 to 11.4% (mean 5.8 
+ 1.0%), which was significantly higher than that in each 
control group (p <0.001) (Fig. 2). Two patients with 
tricuspid regurgitation had values for hepatic expansion 
fraction that were within the range of those in patients 
with no organic heart disease. Except in 1 of these pa- 
tients, peak hepatic activity occurred simultaneously 
with or within 1 frame of the nadir of right ventricular 
activity in patients with tricuspid regurgitation. The 
outlined hepatic regions of interest and time-activity 
curves from representative patients with no organic 
heart disease versus those in the study group are illus- 

trated in Figure 3. 
Amplitude and phase images (Fig. 4): All patients 
_ with no organic heart disease and 23 of 24 patients with 
organic heart disease without valvular insufficiency had 





FIGURE 4. Final amplitude and phase images. Left, amplitude images 
in a control patient (above) and a patient with tricuspid insufficiency 
(below). Right, corresponding phase images. Note that in the control 
patient all pixels over the liver have been eliminated automatically 
(<7% maximal amplitude). In the patient with tricuspid insufficiency, 
pixels representing the liver have been retained (>7% maximal am- 
plitude). The liver is of similar phase to the right atrium and of opposite 
phase to the right ventricle. 


amplitude values for all pixels over the liver of <7% of 
the maximal amplitude in the image. Therefore, these 
pixels were automatically eliminated from the ampli- 
tude and phase images. In contrast, all patients with 
tricuspid regurgitation had at least 100 pixels over the 
liver with an amplitude >7% of the maximal amplitude 
in the image. Therefore, these pixels were automatically 
retained in the amplitude and phase images. Thus, 
substantial amplitude of hepatic blood volume variation 
with the cardiac cycle was present in all 9 patients with 
tricuspid regurgitation. On the phase images there is 
uniform phase for the atria and uniform (but 180° op- 
posite) phase for the ventricles in all 3 groups of pa- 
tients, reflecting that the atria fill when the ventricles 
empty (Fig. 4). Pixels over the liver in all patients with 
tricuspid regurgitation were in phase with the right 
atrium. 

Summary of data: In summary, 3 variables were 
examined in each patient: regurgitant index, hepatic 
expansion fraction, and amplitude over the liver. All 
patients with no organic heart disease had a normal 
regurgitant index, low hepatic expansion fraction, and 
absence of significant amplitude over the liver. Of pa- 
tients with organic heart without valvular regurgitation, 
all had a normal (17 patients) or increased (7 patients) 
regurgitant index. Twenty of 24 patients (83%) had low 
hepatic expansion fractions. Twenty-three of 24 (96%) 
had absence of significant amplitude over the liver. 

In contrast, 7 of 9 patients (78%) with tricuspid 
regurgitation had a below-normal regurgitant index. 
Seven of 9 patients (78%) with tricuspid regurgitation 
had an above-normal hepatic expansion fraction. All 9 


tricuspid sggurgitation had sub- 
np! tude over the liver. Looked at another 
3 of 9 patients with tricuspid regurgitation, all 
‘measures gave abnormal values; 4 of 9 patients had 
bnormal values in only 2 measures. 


` Discussion 


Currently, the Touei of tricuspid regurgitation is 
tablished on the basis of physical findings. However, 
indings may be obscured by multivalvular disease 
alve replacement for left-sided lesions. Right 
angiography and direct surgical evaluation 
asive and have been criticized as unreliable.!? 
st M-mode and 2- dimensional echocardiogra- 
2 sometimes with pulsed Doppler echocardiogra- 
ł y, 14 has recently been useful in establishing the 
resence of tricuspid regurgitation. Intracardiac pho- 
ocardiography has also been useful when combined 
ith right ventricular angiography.“ 
Equilibrium radionuclide gated angiography provides 
a noninvasive method for evaluating aortic or mitral 
sufficiency, or both.®16-19 However, there are no re- 
of a series of patients with right-sided valvular 
gitation. Patients with left-sided regurgitation 
n increased left. ventricular stroke volume and 
fore an elevated regurgitant index. Patients with 
ght-sided regurgitation would logically be expected 
y have an increased right ventricular stroke volume and 
onsequently a decreased regurgitant index. 
n the present. study, 7 of 9 patients with tricuspid 
‘regurgitation had a low regurgitant index compared 
h that of patients without evidence of tricuspid 
egurgitation (Fig. 1). However, a low regurgitant index 
aight be expected in many situations characterized by 
ht ventricular volume overload. The physical findings 
pulmonary regurgitation producing right ventricular 
ume overload are distinctive and usually not con- 
id with those of tricuspid regurgitation. Intracardiac 
to right shunting in atrial septal defect results in an 
ased Qp/Qs ratio because of right-sided volume 
oad.?° However, concomitant left-sided regurgi- 
n with increased left-sided stroke volume, de- 
ing on the degree, tends to normalize the ratio of 
to right ventricular stroke counts. This was the case 
patients in the present series with tricuspid regur- 
tion whose values for regurgitant index were within 
he normal range. 
l'o our ‘knowledge, no reports have appeared ana- 
ing the results of time-activity variation over non- 
structures during equilibrium gated angiogra- 
Eight of 9 patients with tricuspid regurgitation 
nstrated ordered time-activity variation over the 
ring the cardiac cycle (Fig. 2 and 3). Comparing 
ime-activity curves over the liver and the right 
entricle, the peak of hepatic activity occurred within 
frame or simultaneously with the nadir of right ven- 
cular activity for 8 of 9 patients with tricuspid 
egurgitation. It seems doubtful that transmitted right 
icular, diaphragmatic, or abdominal aortic pul- 
1S could result in an increased hepatic expansion 


© the degree seen in patients with tricuspid” 


tion. A left ventricular to right atrial shunt as 


mighto occur in some o patients with atrioventrict 
defects or ruptured sinus of Valsalva into th 
atrium or right ventricle might mimic similar her 
dynamic results and consequently an expansil 
However, the clinical history and physical findi 
should allow differentiation of these patients. 

At present, manual determination of a hepatic 1 reg 
of interest, is somewhat subjective, depending as it d 
on outlining an area of high activity where the liv 
located. The critical boundary of this region 
between the liver and the heart, especially in p 
with right heart enlargement. Therefore, we ma 
border tight on the liver side. The finding that the a 
of the hepatic time-activity curve corresponded t 
nadir of the right ventricular time-activity curve 
position of phase).is reassuring, because inclusio: 
large area of right ventricle in the hepatic region of 
terest should obliterate this, Inclusion of the infer 
vena cava within the hepatic region of interest see 
probable, and this structure may also contribute to 
of our findings. : 

Our group and others previously reported result: 
Fourier analysis in left ventricular regional wall 
abnormalities and in abnormal electrical act 
including left bundle branch block and ventrict 
tachycardia. 191221 In the present study, Fourier anal 
was applied to each pixel from a large field-of 
image. The resulting amplitude image in all co 
patients had no pixels with substantial O7% of: 
mum) amplitude over the liver. All patients wi 
cuspid regurgitation had 2100 pixels with subst. 
amplitude over the liver. The maximal amplitude 
image should usually occur over the left ventricle. \ 

a patient with tricuspid regurgitation has a lor 
ventricular ejection fraction, pixels over the liver r 

be included as having >7% of a low maximal amplit 

and might not have substantial amplitude in an abso. 

sense. That the mean value of left ventricular eject 
fraction in patients with organic heart disease with 
valvular regurgitation was lower than that in patie 
with tricuspid regurgitation argues against error 

resulting amplitude images. 

Pixels corresponding to the right atrial and hep 
regions of interest were of similar phase to each ot 
and of opposite phase to pixels corresponding to 
right ventricular region of interest. Thus, pixels over 
hepatic region of interest. with substantial amplit 
correspond. to the ‘physical finding of an expa 
liver. = 

Clinical significance: We did not explore 
technique in patients with severe right heart failur 
hepatic congestion but without tricuspid regurgita i 
although they would be an important control grow 
would be very difficult to know conclusively that 
patients did not have small degrees of tricuspid reg 
gitation. Because no strong standard is availabl 
determining tricuspid regurgitation, no statement. 
be made about sensitivity or specificity of this ner ) 
in such patients. 

In summary, equilibrium gated angiography an 
Fourier analysis were used to distinguish patients w 
from those without clinical tricuspid regurgitation 
































action in 7 of 9 patients, and increased amplitude over 
y liver with pixels i in phase with the right atrium in all 
patients. These results imply that gated angiography 
e used to confirm the presence of tricuspid regur- 
itation or to detect unsuspected tricuspid regurgita- 

m. It is not known whether this method will allow 
fication of the severity of this lesion. 


References : 


Bardy BH, Talano JV, Meyers S, Lesh M, Acquired cyanotic heart disease 
icondary to traumatic tricuspid regurgitation. Case report with review of 

the literature. Am J Cardiol 1979;44: 1401-1406... 

Chen CC, Morganroth J, Mardelli TJ, Naito M. Tricuspid. regurgitation in 

ricuspid valve. prolapse demonstrated’ with contrast cross-sectional 

echocardiography. Am J Cardiol 1981;46:983--987. 

Meltzer RS, Van Hoagenhuyze D, Serruys PW, Haalebos MM, Hugenholtz 

‘PG, Roelandt J. Diagnosis of tricuspid regurgitation by contrast echocar- 

' diography. Circulation 198 1;63:1093-1099. 

Pavel DG, Zimmer AM, Patterson: VN. In vivo labeling of red blood cells 
ith 99mTc: a new. ‘approach to blood ‘pool visualization. .J Nucl Med 

4978;18:305-308. > 

Zaret BL, Strauss HW, Harley PJ, Natarajon TK, Pitt B. Non-invasive 

scintiphotographic method for: detecting regional ventricular dysfunction 

in man. N Engi J Med 197 1;284: 1165-1170. 

Federman J, Brown ML, Tancredie RG, Smith HC, Wilson DB; Becker GP. 

Multiple-gated acquisition cardiac blood pool imaging: evaluation of left 

entricular function correlated with contrast angiography. Mayo Clin Proc 

1978;53:625--633, 

_ Pavel DG, Byrom E, Ayres B, Pietras R, Bianco J, Kanakis C. Multifaceted 

evaluation. of left ventricular function by the first transit technique using 

Anger type cameras and an optimized protocol: correlation with biplane 

‘oentgen angiography. in: Nuclear Cardiology: Selected Computer Aspects. 

New: FS Society of Nuclear Medicine, 1978:129-138. 

Swiryn S, Pavel D, Byrom E, Wyndham C, Pietras R; Bauernteind R, Rosen 











dex r 7 of 9 patients, an increased hepatic. expansion 


Waggoner AD, Qu 
Miller RR. Pulsed Doppler e 


Ey 


Lam W, Pavel IDG, By rom E, Sheik A, Best D, Rosen K. ‘Radionuclide. e 


dionuclide ventriculography. Cardiovasc Radiol.1979:2:161-173, 


. Byrom E, Pavel DG, Swiryn S, Meyer-Pavel C. Phase images of gated oe 


studies: a standard evaluation procedure. In; Esser P; ed: Functional Mapping 


of Organ Systems and Other Computer Topics. New York: Society Of Nue o 


clear Medicine, 1981:129-138, 

Swiryn 5, Pavel DG, B Byrom E, E; Witham D, Meyer-Pavel c, Wyndham CRC, 
Handler B; Rosen Ki equential regional phase mapping of radionucli 
gated biventriculograms in patients with left bundle branch block. Am 
J1981;402:1000-1010. =" ne 
Lingamneni: R; Cha SD, Maranhao V, Gooch AS, Goldberg H. “Tricuspid 
regurgitation: aa and angiographic assessment. Cathet Cardiovase ; 


Diagn 1979 f 
Wi inones MA, Young m, Brando TA, Shah AA, Verani MS, p 

raphic detection of ‘right-sided: val 
Bet ae te Experimenta results and clinical significance. Am J Cardiol 





Cha Sb, eh as, Maranhao V, Koehler E. intracardiac phonocardt- ae 
ography in tricuspid regurgitation: relation to clinical and angiographic aE 


findings. Am J Cardiol:1981:48:578-58 
Rigo P, Alderson PO, Robertson 
of aortic. jand: mitral regurgitation by gated cardiac blood pool scans. Cire 
culation 1979:60:306-3 


. Sorenson SG, O'Rourke RA, Chadhuri TK. Non-invasive quantitation of oe 
valvular regurgitation by gated equilibrium radionuclide angiography, Cire 


culation 1980;62: 1089-1098 


Bough EW, Gansman E; North D, Shuisman RS. Gated radionuclide ang- i 


ographic evaluation of valve regurgitation. Am J Cardiol 1980;46:423- >: 


- Boucher CA, Orada RD, Pohost GM. Current status of radionuclide imaging 


in valvular heart disease. Am J Cardio! 1981;46: 1153-1163. 

Bough EW, Gandsman EJ, Benham ID, Boden WE, North DL, Shulman RS. ©: 

Detection and quantification of atrial shone in. adults by gated radionuclide ==. 
oes, (abstr). Am J Cardiol 1980:45:409. : 

Swiryn.S, Pavel DG, Byrom E; Bauernfeind RA, Strasberg B, Palileo E, 


Lam W, Wyndham CRC, Rosen KM. Sequential regional phase mapping __ 





of radionuclide gated biventriculograms in patients with sustained ventricular 
tachycardia: close correlation with electrophysiologic Charactoriatirs, Am 
Heart J 1982;103:3 19-332. oe 





Lam W, P Indervalus and limitations. Am J Cardiol 198 1:47:292-298. 
Adam WE, Tarkowska A, Bitter F, Stauch M; Geffers H. Equilibrium aoo 









RM, Becker LC, Wayner HN. Measurement 











] re Apex Impulse i in Mitral Stenosis: Graphic Explanation 
Of the Palpable Movements at the Cardiac Apax. 


YD, AB, PARK W. WILLIS, IV, MD, and ERNEST CRAIGE, MD 


imultaneousiy recorded phonocardiograms and 
apexcardiograms of 39 patients with mitral stenosis 
MS) were retrospectively analyzed. A notch on the 
pstroke of the apexcardiogram coincidental with 
he first heart sound (S4) occurred in 18 (47 %) of 
he patients. The notch ratio or vertical distance from 
onset of the apical impulse to the notch ratio or 
cal distance from the onset of the apical impulse 

ie notch as a percentage of the total upstroke 
neasured and compared with the mean mitral 
astolic gradient obtained at cardiac catheteriza- 


or - alniost 2 centuries, physicians have been interested 
alpation of the chest: wall movements of cardiac 
nas an.aid to cardiac diagnosis. Several palpable 
hhenomena have been described in association with MS, 
uch as the precordial heave of right ventricular hy- 
ertrophy and the accentuated pulmonary component 
e second heart sound. The events at the cardiac 
are usually referred to as a tapping impulse—an 
irical description which is not particularly helpful 
nysical diagnosis, Almost 40 years ago, however, 
ossio! analyzed palpable phenomena at the cardiac 
ex in. MS and found that these consist of a complex 
equence of a thrust resulting from ventricular systole 
n which a shock representing the delayed and accen- 
uated first heart. sound is surmounted. Our studies seek 
o confirm the validity of Cossio’s observations and to 
termine whether the extent. of the delay of the pal- 
ble shock of Sı with respect to the onset of the ven- 
cular thrust might have utility in predicting the se- 
y of MS. 


Methods 


mocardiographic and apexcardiographic records from 
patients with predominant MS and 4 normal subjects were 
analyzed. The patients were identified from the computerized 
iles of the Cardiac Graphics Laboratory at North Carolina 


n the Department of Medicine, University of North Carolina School 
Medicine, and: the Cardiac Graphics Laboratory, North Carolina 
morial Hospital, Chapel Hill, North Carolina, Manuscript received 

, 1982, accepted July 2, 1982. ; 
ess for reprints: Ernest Craige, MD, 338 Clinical Sciences 
2 


9H, University of North Carolina School of Medicine, Chapel 


Caroli na PTB a 


tion. Statistical aeae showed a significant i 

(r = 0,61; p <0.01) between notch ratio ; 
mean mitral diastolic gradient. This study reaffi 
that the complex palpable movements at the « 
apex, consisting of a “tap” representing S, 0c 
perceptibly after the onset of the apex impulse i 
are a useful diagnostic sign of MS. Further 
graphic measurement of the extent of delay 
with respect to the onset of the apical thru: 
provide a rough measure of the severity of the 
vular d obstruction. — 


Memorial Hospital, and all ‘saitentg had complete he 
namic data obtained at cardiac catheterization close in ti 
to the noninvasive studies. In’some patients with MS m 
degrees of mitral or aortic regurgitation, or both, we 
present, but those with severe regurgitant conditions | 
excluded. The normal subjects were studied for chest pain but 
proved to have normal coronary arteries and normal ve 
tricular function. - 
Phonocardiograms were recorded fram Leatham-t 
suction microphones at the upper right sternal border and t 
lower left sternal edge. Simultaneous apexcardiograms we 
recorded from a hand-held piezoelectric transducer with the 
patient lying in the left lateral decubitus position, The ph 
nocardiograms and apex. pulse were recorded on an Ire: 
Continutrace 101 or 102 Recorder (Irex, Ramsey, New Jersey) 
at 100 mm/s paper speed. 
From the combined electrocardiogram and phonocard: 
gram, the Q-S; interval was measured to document the de 
in S; known to occur in MS.2~* The graphic equivalent o 
palpable shock resulting from $; was perceptible; asal 
on the upstroke of the apëxcardiogtram:56 The “not 
was calculated as the vertical distance from the ce 
apical upstroke to the level of the notch, divided by | 
height of the apexcardiogram (Fig. 1). In cases of 
brillation, where the diastolic filling time varied: o 
to-beat basis resulting in a fluctuating Q-S, time, 5s 
cycles were measured and the average was taken. In a fe 
stances, a distinct notch could not be appreciated.on th 
stroke of the apexcardiogram and a change in slope coin 
dental with the mitral component of S; was substituted, In 
normal controls where no notch was present, a vertical line was 
drawn through the onset of the high frequency vibra 
representing the mitral contribution to S; and the point 
intersection of this line with the apexeardiogram was i 
as the notch position (Fig. 2). : os 
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URE 1. Apexcardiogram of a 36-year-old woman with severe mitral 
nosis; The Q-S, interval is 0.11 second. The notch on the upstroke 
© apexcardiogram (B-C).is measured at 84% of the total height 
). APs = components of the second heart sound; OS = opening 
of the mitral valve; PCG-AA = -phonocardiogram at aortic area; 
-LSE = phonocardiogram at left sternal edge. 


BLE i ‘Mean Mitral Diastolic. Gradient and Notch Ratio 
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FIGURE 2. A normal subject. There is. no notch on the upstroke of the 
apexcardiogram. The ratio BG/AC is therefore obtained from the time 
of the first high frequency vibrations of S, which occur 0.06 second from 
Q and almost immediately after the onset of the apical upstroke. 


PCG-AA = phonocardiogram at aortic area; PCG-LSE = phonocar- a 


diogram at left sternal edge. 


Hemodynamic studies were performed in the.Cardiac 
Catheterization Laboratory, using standard methods in ord: 
to provide confirmation of the diagnosis as well as evidence 
of its severity, The mean mitral diastolic gradient was dete 
mined by planimetry of the:area between the pulmonar 


capillary wedge pressure curve and the left ventricle.” 


The mean mitral diastolic gradient. was taken as’ the 


~_vasively obtained index. of severity of stenosis. Care was tak 


to insure that heart rate and blood. pressure were comparabl 
while both invasive and noninvasive records were obtai 
because of the profound effect of diastolic filling timeo 
Q-S; interval. To determine the relation between the mea 
mitral. diastolic gradient and the notch ratio, univariant r 
gression analysis. was carried out. 


Results 


A notch was s present on the upstroke of the apexc 
diogram in 18 of 39 patients, or 46%, of those with M 
The notek tatio and values for mean n toiteal di C 





t correlation (r= 0, 61, p <0, 01) of notch ratio 
h the mean mitral diastolic gradient. 
The 4 normal subjects are listed at the bottom of 
‘able I. They had no mitral diastolic gradient and their 
notch ratios were low (0 to 15.3%). 


Discussion 


Palpable events over the precordium in patients with 
have been appreciated since the early 19th century. 
806, Corvisart® noted the thrust at the lower end of 

mum which we recognize as indicative of right 
cular hypertrophy. The accentuated and palpable 
heart sound was described by Duroziez® in 1862, 
the shock associated with an exaggerated second 
nd by Friedreich!® in 1867. In 1898, Bard!! studied 
ie apex impulse in MS and concluded that it was made 

p of 2 almost simultaneous phenomena—the apical 

thrust resulting from ventricular systole on which is 
superimposed a palpable first heart sound. A detailed 
analysis of these palpable events at the cardiac apex in 
mitral stenosis was undertaken by Cossio! in Argentina. 

e recognized a relatively slow-rising impulse due to 
ricular systole followed by a quick vibratory shock 

o Si. Delay of the latter produced a complicated but 

rmative palpatory sequence which he felt was al- 

ost pathognomonic of MS. Although Cossio’s obser- 

ations were made 40 years ago and are generally ap- 

preciated in Latin America,!213 there is only limited 

discussion of this physical sign in English textbooks,!4-!7 
nd some authors do not mention it at all.1819 


URE 3. Simultaneous right ven- 
sular: (RV) impulse and phonocar- 
iograms ‘at pulmonary (PCG-PA) and 
mitral (PCG-MA) areas, with respiration 
sp.), from a 72-year-old woman who 

i n atrial sopta! peice! and mild 


‘ch on the bh ventricular 
text). Expir. = = Heanor j 


The delay in the mitral component of the first 
sound in MS is due to the time required in early sys 
for left ventricular pressure to exceed that of the | 
atrium and to close the mitral valve. A measure of t 
delay (Q-S, time) has been used as an index of severit 
of stenosis.2-4 This measurement requires a combi 
nation of phonocardiogram and electrocardiogram. Th 
Q-S, time is affected by the duration of the electron 
chanical interval, the height of the ventricular pr 
at the onset of systole, and the rate of rise of press 
It is therefore only a crude index of severity and 
been superseded by more accurate noninvasive me 
ods. To exclude the effect of the electromechanica 
delay, Oreshkov”° measured from the onset of the s 
tolic wave in the apexcardiogram to the onset of the hi 
frequency vibrations of S4, termed the C-1 interval. ] 
showed that duration of the C-1 interval correlate: 
better with the diameter of the mitral orifice than di 
the Q-S; time. Similarly, the electromechanical interv 
does not interfere with our measurements which be; 
at the onset of the apical thrust, known to be synch: 
nous with the beginning of the rise in pressure in the lef 
ventricle.?! 

Although a significant correlation’ is demonëtrate 
between the notch ratio (a measure of the delay of S 
with respect to the onset of ventricular systole) an 
severity of stenosis, the relation is not linear. There e 
several possible reasons for this: the rate of rise of ve 
tricular pressure is not uniform among the patient: 
studied, the height of ventricular pressure at the onse 












































trial fibrillation there is a beat-to-beat change in all 


ortic regurgitation will alter ventricular diastolic 
ressure and further affect the timing of S, with respect 


iy. be explained in severe MS by heavy calcification 


diminished intensity of S4. 

Although the delayed palpable S; can, as Cossio i in- 
dicated, be strongly suggestive of MS, it is not possible 
estimate at the bedside with any certainty the extent 
the delay. The entire interval from the onset of the 
entricular impulse to the palpable S; is usually <0.12 
‘ond. It is possible nevertheless to appreciate that the 
hrust and the palpable sound are occurring sequen- 
ally and not synchronously. This observation, although 
ful in suggesting the possibility of MS, is not specific 
or that condition since left atrial myxoma is also asso- 
iated with an accentuated, delayed S; and, in graphic 
tracings, a deep. notch on the apex resembling that de- 
scribed previously.?? Fortunately, myxoma is usually 
xcluded by echocardiography without difficulty. We 
ve also found that tricuspid valve closure may be 
alpable in certain conditions. Recently, we studied a 
atient who had an atrial septal defect and mild mitral 
egurgitation (Fig. 3). The right ventricular impulse was 
rominent and there was a loud, palpable tricuspid 
alve closure sound (T): In this case, the notch ratio 
howed inspiratory variation; it was quite high (ap- 
roximately 75%) at peak inspiration but diminished, 

s did Ti amplitude, when Q-T; interval decreased from 
1.095 to 0.080 second during expiration. 

Conclusion: Palpable events at the cardiac apex are 
seful as a bedside physical sign of MS. The manifes- 
tation strongly suggestive of this diagnosis consists of 
an apical thrust due to left ventricular systole upon 
yhich is superimposed a delayed tap representing 8. 
is. sign is not present in all instances of MS since some 
atients lack a palpable apical impulse and some have 
n inaudible or very soft S; due to calcification of the 
ve. 





le varies, and there is ee tobe avariati onin : 
he rate of closure of the mitral valve after the left above can be obtained by combining phonocardiograms 
entricle-left artery pressure crossover. In patients with’ 
hese parameters. Complicating conditions such as: 


o ventricular systole. The absence of a palpable S; or 


ee obtained at cardiac catheterization. 
s graphic equivalent, the notch on the apexcardiogram, = 


Wolfe, supervisor of the Cardiac Graphics Laboratory, and 


the valve leaflets, a complication well known to result. to Kenneth Popio, MD, Director of the Cardiac Catheteriza- = 





A graphic eqnivalent of the palpable events ts described = 


and apexcardiograms with an electrocardiogram. Delay = 
in S; results in the appearance of a coincidental notch 

on the apexcardiogram high on the systolic upstroke. 
The notch ratio, an index of the extent of this delay, has 
a significant relation with the severity of stenosis as i 
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‘oronary Vascular Reserve in Left Ventricular Hypertrophy 
: econdary to Chronic Aortic Regurgitation 


D. -PICHARD, MD, HARRY SMITH, PhD, JAMES HOLT, MA, 
MELLER, MD, and RICHARD GORLIN, MD 


i oronary vascular reserve was studied in 11 pa- 
ients with severe chronic aortic regurgitation (AR). 
Nineteen patients with the chest pain syndrome and 

rmal findings on cardiac catheterization served 

_ as control subjects. Resting coronary sinus flow and 
ntrast-agent-induced hyperemia were measured 
tinuous thermodilution. Left ventricular (LV) 

sions and mass were obtained echocardi- 
graphically. All patients had normal coronary ar- 
eries. Resting coronary flow was increased and 
onary reserve was decreased in patients with AR 
jared with the control subjects: 310 + 38 versus 

13 ml/min and 56 + 9 versus 86 + 7.5%, 
spectively. The decrease in coronary vascular 
rve correlated with the increase in LV mass (r 
86, p = 0.001) and LV wall thickness (r= 

3, p = 0.002) and with the decrease in LV 
lume/mass ratio (r = 0.761, p = 0.007). There 


secureitation’ (AR) imposes a load on the left 
le, which, if applied gradually, is well tolerated 
ny years. During this period a number of reserve 
isms enter into play, the most important being 
increase in end-diastolic volume and an increase in 
e volume. These reserve mechanisms allow near- 
al effective cardiac performance until late in the 
e of the disease, when progressive LV dilatation 
sanda gradual course toward end-stage disease 
h follows even in the absence of overt clinical 
ations.! Some patients have angina pectoris at 
often in the presence of normal coronary ar- 
exact mechanism for the failure of these 

ve mechanisms has not yet been clarified. We 
guely d demonstrated? that patients with pressure 


sion of Cardiology, FEREENA of Medicine, and the De- 

iostatistics, Mt. Sinai Medical. Center, New York, New 
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was no significant correlation between the 

in coronary vascular reserve and LV volume (r 
0.255), LV peak wall stress (r = 0.292), L 
pressure (r = —0.495), aortic or LV di: 

sure (r = 0.322 and —0.318, respe 

tic-LV diastolic gradient, nor with the voltag 
electrocardiogram (limb leads r = —0.60, pre 
leads r = —0.118). Thus, coronary vascular reser 
is decreased in proportion to the degree of 
ventricular hypertrophy in patients with chronic 
Patients with angina pectoris tended to have a 
coronary vascular reserve than those without 
(median 26 versus 76%, difference not significan 
LV wall thickness and not LV volume is the critic 
component of left ventricular mass related to cor 
onary reserve. No significant correlation betw i 
the decrease in coronary vascular reserve and the 
presence of angina pectors ¥ was demonstra 


overload LV hypertrophy due to aortic Stenosis hav 
decreased coronary vascular reserve. This decrease n 

be related to the pathogenesis of LV decompensat 
and may potentiate angina pectoris. This study analyzes 
coronary flow dynamics and coronary flow reserve 
patients with volume overload LV weeny fr 
chronic AR.: i l 


Eleven bationts (9men and 2 wom n) with c 
ferred for diagnostic cardiac catheterizat 


had normal coronary. arteriograms, . : lp 
(moderate to severe) or 44 (severe) AR defined angiograp 
ically: that is, 3+ indicates that during aortography the entir 
left ventricle is opacified with regurgitant contrast medium 
but does not reach the same radiologic density as the aort 
4+ indicates that the entire ventricle is opacified with tegur 
gitant contrast medium and reaches the same contrast as 
aorta.’ ° These patients had no aortic stenosis or other v 

‘Two patients were taking digitalis. À 
diuretics. No patient was taking beta- ‘block drug: 


< tors: Ten af ik + patients had Sy mptoms: | 















eteen patients with a chest pair syndrome referred for 
c catheterization and found to have normal coronary 
rteries served as control subjects. These patients had no other 
nown cardiac disease (valvular, myocardial, or the like). 
hree patients were taking beta-blocking agents, 3 patients 
long-acting nitrates, 2 patients nitroglycerin whenever needed, 
nd 1 patient Norpace®. Twelve patients were taking no 
medication. 
History of angina pectoris, syncope or presyncope, and 
mptoms or signs of congestive heart failure including 
‘spnea, orthopnea, rales, and peripheral edema were re- 
rded. LV hypertrophy on the electrocardiogram was eval- 

ed by adding the voltage of the R wave in lead I plus the 
wave in lead III and the voltages of the S wave in V and the 
R wave in V5.4 S-T segment depression with asymmetric T- 
wave inversion, so-called strain pattern,4 was noted when 
present. 
- Right heart catheterization with a Swan-Ganz catheter and 
P23D Statham transducers were used to determine right heart 
pressures. LV and aortic pressures were determined with a 
fluid-filled catheter and P23D Statham transducers. The 
art rate was measured at the time of coronary blood flow 
stermination. LV mean diastolic pressure was calculated as 
1 average of 3 points in diastole: initial, mid, and late diastole. 
LV end-diastolic pressure was measured at the top of the R 
vave; Aortic diastolic pressure was measured as end-diastolic 
pressure. The aortic to LV diastolic gradient was calculated 
as the difference between aortic diastolic pressure and LV 
mean diastolic pressure. All medications were withheld at least 
(2 hours before catheterization. 
Echocardiography was performed just before catheteriza- 
tion or the day before. If high quality recordings were not 
obtainable, the patient was not entered into the study. Di- 
mensions of the septum, LV posterior wall and LV internal 
iameter were performed in diastole, before the a wave. They 
Were measured in millimeters, using the standard convention} 
V mass was calculated using the following formula®: LV mass 
) = 0.77 X 1073 [((LVID + LVPW + IVS) — LVID*] + 2.4, 
here LVID = LV internal dimension in diastole, LVPW = 
V posterior wall dimension in diastole, and IVS = inter- 
ntricular septal dimension in diastole. 
The LV volume/mass ratio was calculated by dividing the 
shocardiographic end-diastolic LV internal dimension by the 
um of the posterior and septal wall thicknesses at end-dias- 
ole.” LV. wall stress was evaluated as peak systolic stress by 
he formula®-!°: Peak stress = (SBP x LVID) (h X [1 + (h/ 
VID)]}), where SBP = systolic blood pressure, LVID = LV 
ternal dimension, and h = (IVS + LVPW)/2. We used the 
nd-diastolic h/R (mass/volume) ratio, which is quite similar 
ô the h/R ratio at peak systolic stress.? Although the systolic 
ressure is less than the peak LV systolic pressure,®!° the 
correlation between true peak systolic stress and peak stress 
stimated by the foregoing formula is acceptable.'° Echo- 
ardiographic dimensions were measured by 2 investigators 
vho had no knowledge of the results of the coronary sinus flow 
surement. 

ronary sinus blood flow was determined by the contin- 
ous thermodilution technique of Ganz et al'! using a pre- 
Shaped coronary sinus catheter with 2 thermistors and 2 
acing electrodes (Wilton Webster Laboratories). Resting 
-oronary sinus flow was obtained before any intervention. 
Hyperemic flow was defined as the maximal flow recorded 
after contrast medium injection into the left coronary artery 
(5 to 10. ml). Hyperemic flow was determined 3.to 6 times in 




























































































of increase. 





each patient. Coronary reserve was defined as the percentage 











Summmary of Clinical and Hemodynamic Data _ 








“TABLE I- 
i : (Mean + Standard Error of the Mean) — 
AR Control. 

Patients. (n) 11 19 
Age (yr} {NS) 47444 47.141 
Sex : 9M, 2F 11M, 8F 
Angina 4of 11 4 of 19 
CHF 9 of 11 0 of 19 
Syncope Oof 11 0 of 19 
ST-T strain 9 of 11 2 of 19 
Ry + Sa (mm)* 17.2 + 2.6 942414 0 
Svi t Ry, (mm)* 46.8 +2 9.42 + 1.4 
Heart rate (beats/min) (NS) 77.6 + 2.4 72419 
LV systolic (mm Hg)* 152.6 + 7.1 123.2 £4.4 . 
LV mean diastolic (mm Hg)" 11.64 1.3 7.4+09 
LV end-diastolic (mm. Hg) 19.14 2.5 12.5 + 0.9 
Ao systolic (mm Hg)* 145.8 + 6.1 123.2 £4.4. 
Ao diastolic (mm Hg) 64.9 + 4.1 729419 © 
Ao diastolic — $2.3 + 4 65.5 + 1.9 

LV diastolic (mm Hg)*:! a 
IVS (mm)* 13.3 + 0.7 9.8 + 0.2 
LVPW (mm)* 13.4 + 0.7 9.8 0.2: 
LVID (mm)* 59.9 + 1.3 42.5 +08. 
Mass (g)* 338.9 + 19.4 128.6 + 5.4 
CSF, rest (mi/min)* 309.9 + 38.4 120.6 £ 13.0; 
CSF, hyperemia (mi/min)* 459.7 + 45.9 218.74 21.9 >: 
CSF, percent change? 55.6 + 9.2 85.8 £7.5 
LV volume/mass ratio (NS) 2.31 40.15 2.2 + 0.06 
LV peak systolic stress’ 895.8 + 51 701.2 + 22.9 





* p <0.01; t p <0.05. : 
Ao = aorta; CHF = congestive heart failure, CSF = coronary sinus: 
flow; IVS = interventricular septum; LV = left ventricle; LVID = left: 
ventricular internal diameter; LVPW = deft ventricular posterior wall; < 
NS = not significant; Ry + Sa = sum of voltages of R in lead land Sin 
tia lil; Sy, + Ry, = sum of voltages of S in lead V; and Rin lead — 
Be a 5 









venous outflow, primarily the percent change in flow wi 
hyperemia was used for analysis in this study. Data from 
coronary sinus flow measurements were recorded at a pape! 
speed of 2.5 or 5 mm/s with an Electronics for Medicine DE 
12 recorder, and entered into a minicomputer (Texas 1 
struments TI 59) for calculation of flow. Flow measurements — 
obtained by the thermodilution technique and the evocation 
of a constant hyperemic response with a given dye volume 
were previously validated in our laboratory.” ee 
Means and standard errors were recorded for each mea. 
surement by groups. Comparisons between the groups for, 
continuous measurements were made using a 2-tailed t test. 
Pearson’s product moment correlation coefficients were ¢ 
culated to determine the association of all continuous 
surements with the percent change in coronary sinus flow, Fo 
the frequency data, Fisher’s exact test and the chi-square tesi 
were used. When each group was divided into subgroups, 
is, those with and those without angina, comparisons of c 
onary reserve among the 4 groups were made using th 
Kruskal-Wallis nonparametric test. 


Results 


Table I summarizes the clinical and hemody 
data on the 30 patients by patient groups: the ¢ 
subjects and those with AR. The age was similar 
groups. There was a predominance of men. T 
angina pectoris (classic, effort-induced) was pre 
4 of 11 patients with AR and in 4 of 19 controls 
Fifteen control subjects had atypical chest pa 
drome. Signs or symptoms of congestive heart | 
were elicited by history or physical examinatio 
11 patients with AR and in none of the cont 
No patient had syncope. Voltage in the liml 
+ 2.6 mm) and precordial leads (46. 










































ca diogram sapeertéd LV oA in pa- 
en with AR and not in the control group (9.4 + 1.4 
id 25. 6 + 2.1mm, respectively). ST-T strain pattern 
was present in 9 of 11 patients with AR and in none of 
19 control subjects. Heart rate was similar in both 
groups (77.6 + 2.4 versus 72 + 1.9 beats/min, difference 
not significant [NS]). LV and aortic pressures were 
different in both groups; those with AR had a higher LV 
stolic pressure (152 + 7.1 versus 123.2 + 4.4mm Hg, 
.01), a higher LV mean diastolic pressure (11.6 + 
us 7.4 + 0.9 mm Hg, p <0.01), a higher LV end- 
' pressure (19.1 + 2.5 versus 12.5 + 0.9mm Hg, 
05), a higher aortic systolic pressure (145.8 + 61 
us 123.2 + 4.4mm Hg, p <0.01), and a lower aortic 
iastolic presure (64.9 + 4.1 versus 72.9 + 1.9 mm Hg, 
<0.05). The diastolic gradient between the aorta and 
e left. ventricle was lower in those with AR (52.3 + 4 
versus 65.5 + 1.9mm Hg, p <0.01). 
-Echocardiographic dimensions of the LV wall and LV 
internal diameter were larger in patients with AR (13.3 
: 0.7 and 59.9 + 1.3 versus 9.8 + 0.2 and 42.5 + 0.8 mm, 
espectively; both p <0.01). The LV mass was signifi- 
intly increased in the group with AR (338.9 + 19.4 
rsus 128.6 + 5.4 g, p <0.01). The LV volume/mass 
o was not significantly different in both groups (2.31 
15 versus 2.2 + 0.06). The LV peak systolic wall 
3 Was significantly higher in patients with AR (895.8 
| versus 701.2 + 22.9, p <0.01). Coronary sinus flow 
at rest and during hyperemia was significantly higher 
yatients with AR (309 + 38.4 and 459.7 + 45.9 versus 
+ 13 and 218.7 + 21.9 ml/min, respectively; both 
0.01); no further analyses of these values were per- 
rmed, given the expected variability of the total flow 
measurement by the coronary sinus thermodilution 
que. The percent change in coronary flow during 
emia (coronary reserve) was significantly lower 
e aa with AR (55.6 + 9.2 versus 85.8 + 7.5%, p 
87 
able II indicates the correlation between the percent 
ige in coronary sinus flow with hyperemia and 11 
les that. may influence the coronary vascular re- 
e in patients with AR. There was a strong negative 
elation between coronary reserve and left ventric- 
mass (r = ~0.86) (Fig. 1). A strong negative corre- 
m was also found between coronary reserve and LV 
ll thickness in diastole (r = —0.83). A positive corre- 
ion was found between coronary reserve and LV 
e/mass ratio (r = 0.76). No significant correlation 
und between coronary vascular reserve and LV 
in diastole (r = 0.25), LV peak wall stress (r = 
and LV systolic (r = —0.495) or diastolic pressure 
0.32). No significant correlation was found either 
en coronary reserve and aortic diastolic pressure 
32) or the aortic-LV diastolic gradient (r = 0. 45). 
relation between coronary vascular reserve and 
e was r = 0.604, p = 0.064 in the limb leads and r 
8, p = 0.745 in the precordial leads. 
r of 11 patients with AR had angina pectoris. 
ronary reserve was 20, 28, 25, and 107%. The 
ronary reserve was 26% i in patients with AR 
P ctoris and a in yoke With AR without 


TABLE Il Correlations of Percent Change in Corona 
_ Sinus Flow (Coronary Reserve) and 1 on 
| Variables 








Heart rate : 

Aortic-LV diastolic gradient 
Aortic diastolic pressure 
LV diastolic pressure 

LV systolic pressure 

LV mass . 

Wail thickness 
LVID 


LV volume/mass ratio... 
LV peak wall stress 
Resting coronary flow: 


* Stati istically significant (p <0.05). r = correlation factor. 


spectively. Although the median coronary rese 
at least 40% lower in patients with AR and angin: 
toris, the Kruskal-Wallis test (k = 5.75, p <0.0' 
testing differences in locations (medians) did no 
the alpha = 0.05 significance level. Patients wi 
with and without angina pectoris had similar mae 
all other variables (p >0.05). 


Discussion 


Coronary vascular reserve: Experimental st 
show that volume overload LV hypertrophy is 
ated with decreased coronary vascular reserve. Fel 
et al,!? who studied the peak reactive hyperemic fl 
after 10-second coronary occlusion in dogs with a 
reversible AR, found it reduced. In addition, and o 
great interest, Feldman et al!? showed that coron 
reserve was further reduced by the presence of moder; 
(50%) coronary narrowing. Karp and Roe!® studied 
effects of chronic (2 to 6 weeks) aortic insufficiency 
coronary blood flow; they showed that after tempor: 
coronary occlusion, the overshoot flow repaid an aver 
of 75% (range 0 to 180%) of the calculated flow debt 
compared with 365% in the control subjects. Heiss e 
al!415 studied the coronary reserve in patients with AR 
and other cardiomyopathies and reported a lowe 
serve in patients with aortic insufficiency and aor 
stenosis than in control subjects. Heiss also showe 
positive correlation between coronary. reserve.an 
coronary arteriovenous oxygen difference: 

In this study of patients with AR we found an incre 
in resting coronary sinus flow and a decrease in coron: 
vascular reserve as compared with those in co 
subjects (Table I). The decrease in coronary Tese 
correlated negatively with the increase in restin 
nary flow, suggesting that the coronary circulat 
adapt to the increased myocardial. oxygen requirem 
of LV hypertrophy by increasing the resting flow, ju 
that it is unable to modify its capacity for maxima 
coronary flow, so that the increase in resting flow 
obtained at the expense of the coronary reserve. 

To determine whether the decrease in coronary vas 
cular reserve was the result.of LV. hypertrophy per 
or the result of the specific hemodynamic alte 
chronic AR, the correlation between the 
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mary of the most important variables in deter- 
ining or limiting coronary flow and their correlation 
th coronary vascular reserve. We found that the LV 
ass was negatively correlated with the coronary re- 
rve (r = —0.86, p <0.001), the patients with the largest 
ass having the lowest coronary reserve. The increase 
LV mass (weight) in aortic insufficiency i is the result 
of a thickened LV wall, encompassing a dilated LV 
chamber; When analyzing these 2 components sepa- 
rately (Fig. 1), we found a strong negative correlation 
tween coronary reserve and LV wall thickness (r = 
0.83, p <0.001), but no significant correlation between 
coronary reserve and LV internal dimension (r = 0.26, 
NS), suggesting that wall thickness is more impor- 
nt than LV volume in determining coronary vascular 
serve in patients with LV hypertrophy secondary to 
ronie AR. 

he ratio between LV diameter and thickness (vol- 
e/mass ratio) was similar in the group with AR and 
e control group (Table I), When analyzed as a con- 
nuous function, volume/mass ratio correlated posi- 
vely with coronary vascular reserve (Table I), the 
tients with the lowest volume/mass ratio having the 
est coronary vascular reserve. This finding can be 
plained by the predominant role played by wall 
ickness in reducing coronary vascular reserve. 

Peak systolic stress is a major determinant of myo- 
rdial oxygen consumption!® and hence of coronary 
od flow. In asymptomatic or compensated AR, peak 
stolic stress remains normal®-!° and end-systolic stress 
icreases.!° In. symptomatic or decompensated AR, 
eak systolic stress is increased.'4~!” In our study, peak 
istolic stress was increased in the group with AR as 
ared. with the control group but no strong corre- 
on was found between the increase in peak systolic 
ss and the decrease in coronary vascular reserve (r 
5, p = NS). This inability to. increase. coronary 
cular reserve along with the increase in peak systolic 
ress is consistent with our finding of impaired coro- 
ary vascular reserve in LV hypertrophy. 

Aortic.and LV diastolic pressures as well as the aor- 
LY diastolic gradient. are major determinants of 
jastolic coronary blood flow. These pressures were 
gnifi cantly different in the group with aortic insuffi- 
from those i in the control group, | 
rri lation between the de 
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- FIGURE 1. Correlation between coronary vascular > 
reserve and LV mass in patient with AR. 


vascular reserve and the increase in LV diastolic pres- |... 
sures, the decrease in aortic diastolic pressures, or the = 
decrease in the aortic-LV gradient (Table ID. Experi- 
mentally it has been observed!®.1819 that a change inthe 
diastolic/systolic ratio of coronary flow occurs with 
aortic insufficiency: with increasing degrees of AR the. 
systolic component of coronary blood flow becomes ` 
more important and the diastolic component decreases; 
in acute severe AR, all coronary blood flow becomes. 
systolic, with reversal of coronary flow (retrograde flow) _ 
during diastole. We could not evaluate the contribution 
of systolic coronary flow to total coronary blood flor 
this study. The lack of significant correlation bet 
coronary vascular reserve and diastolic pressures ma 
be related to the independence of this systolic comp 
nent from the diastolic pressures, or the result of the 
predominant effect of LV mass on coronary vascular 
reserve. - 
The LV systolic pressure was significantly higher | in 
the group with AR than in the control group (Table T), — 
but we found no significant correlation between the- 
increase in LV systolic pressure and the decrease in 
coronary reserve, suggesting that other variables out- 
weighed its effect on myocardial oxygen consumpltol E 
and coronary blood flow. be 
Of the variables analyzed then, the LV mass, wall Ae 
thickness, and volume/mass ratio were the only signif- — 
icant determinants of coronary vascular reserve. re 
Chest pain: The mechanism of angina pectoris. isa 
subject. of great interest, especially in patients with 
aortic valvular disease. It has been shown?-29.2! that 
patients with aortic stenosis and LV hypertrophy have 
a decreased coronary vascular reserve. We propose that 
this decrease in coronary vascular reserve may. be 
lated to the pathogenesis of angina pectoris in: 
patients. Bertrand”? evaluated the supply/demand rat 
in AR by measuring the diastolic pressure-time ind 
over the systolic pressure-time index (DPTI/SP 
and found it significantly decreased in those with angi 
pectoris but found no relation between exercise-induce 
angina and the DETISPT ratio. The value o 














































control patients with and without angina l 


and 73.8% respectively. We also compared the 
cal data, hemodynamic values, and echocardio- 
hic dimensions in those with and without angina 
oris and found no statistically significant differ- 
s. Perhaps with a larger patient population statis- 
significance will be achieved. Interestingly, 3 of the 
tients with angina pectoris had the lowest values for 
nary vascular reserve, that is, 20, 25, and 28%; these 
ts had the highest resting coronary blood flow, 
‘that they had undergone vasodilation at rest 
lost the capacity to increase coronary flow ap- 
ately i in situations of increased demand. 


Limitations of the Study 


Determination of LV mass by echocardiography: 
There is no precise method to measure LV mass in vivo 
ith absolute accuracy. In our study, LV mass was de- 
termined echocardiographically. Studies by Devereux 
d Reichek® in normal hearts and hearts with LV hy- 
rtrophy validated the echocardiographic calculation 
f LV mass in patients who later came to autopsy, 
inding a correlation of 0.92 for LV mass by echocardi- 
shy versus LV mass at autopsy. Grossman et al? 
ed good agreement between dimensions deter- 
echocardiography and by angiographic 
ods. Abdulla et al? failed to find a good correlation 
een angiographic and echocardiographic deter- 
on of LV mass in AR, but they did not use biplane 
raphy in all cases. Even if the determination of 
in our study did not represent accurately the 
mic LV mass, the directional changes ob- 
nd their relation to coronary vascular reserve 
main a valid conclusion. 
onary sinus flow measurement may not rep- 
nt total LV venous outflow: In the human heart, 
y sinus flow is highly representative of the total 
6.27 Also, coronary sinus flow as determined 
the continuous thermodilution technique accurately 
sents total LV coronary flow.2829 A possible source 
or in ‘estimating total coronary sinus flow stems 
m the factthat in some cases the posterior ventricular 
‘ains very near the ostium of the coronary sinus, 
„its flow is not included in the measurements 
fained.'! The flow measured may decrease arti- 
tually if the thermodilution catheter is advanced too 
into the coronary sinus or may increase artifactually 
too close to the right atrium, especially in cases 
vated right atrial pressure.°° 
ese considerations would not influence the con- 
of our study, because our analysis was based not 
on the total flow per se, but rather on the per- 
inge in flow seen during contrast-agent-induced 
yeremia. The percent change should be the same for 
or less than total coronary sinus flow. 
ntrast agents may not induce maximal coro- 
vasodilation: A major limitation in our study 
xist.if the contrast agent produced less than a 
increase in coronary conductance, because in 
se the total coronary vascular reserve could not 
ad by this method Existing bitcema tien is 


; čontřaverial i in this respect. In the experim 


uation, the increase in coronary conductance pro 
by contrast agents is equivalent to a 10 to 15s 
occlusion of the coronary artery (r = 0.86),34°? sim 
to the effect of an intracoronary bolus inject. 
adenosine triphosphate (ATP) or papaverine, but loy 
than the effect of a prolonged infusion of ATP 
papaverine.*! This comparison has not been mad 
human beings. The hyperemic reaction to cont 
agent injection is greater than the increased flo 
essary to repay the oxygen debt, as proved by 
crease in ‘coronary sinus oxygen saturation 
change in myocardial oxygen consumption®? | 
concomitant increase in the forearm flow,’ $ sugges 
an important reflex component i in the contrast- -age 
induced hyperemia. 

Although the effect of contrast agents ori the coror 
conductance may be to produce near-maximal vasod 
lation, the effects of contrast agents on cardiac. 
circulatory hemodynamics**58 may influence qualit. 
tively and quantitatively the hyperemic reaction, and 
maximal coronary flow may not be obtained. Agen 
that increase coronary conductance without maj 
changes in hemodynamic variables seem better suited 
for the study of coronary reserve in human subjects. We 
have currently started a study with such an agent, th 
is, intravenous dipyridamole. 

Even if contrast. agents had not induced maxim. 
increase in coronary sinus flow in our study, analysis 
the directional changes observed, as well as analysis « 
the factors determining such changes, such as LV ¢ 
mensions and hemodynamic variables may rema; 
valid. 

Dose response to contrast agent: If the hyperem 
response is dose related, patients with LV hypertrop. 
could have a reduced response because they get a low 
amount of contrast agent applied per gram of myoc 
dium. We previously demonstrated that this is not 
case when 25 ml of contrast agent is injected? 

Effect of drugs on coronary blood flow: Altho 
all drug therapy was discontinued at least 12 hours bi 
fore the study, some drugs may have a residual effect o 
coronary blood flow and this effect 1 may influence o 
results. 

The control group may not be truly normal T 
group of patients had chest pain syndrome with norm: 
coronary arteries. None of them had clinical or lab 
tory findings that would suggest the presence — i 
underlying coronary artery spasm. Patients in who) 
coronary artery spasm was suspected had provoca 
testing with ergonovine maleate and were not inc 
in this study. However, we did not evaluate dyn 
changes in coronary tone, myocardial biopsy, blood 
ements physiology, and hormonal or other variables the 
couldvalter coronary blood flow and explain the cause 
of the chest pain. If such an alteration in coronary bloo 
flow were demonstrated, a better control group wo 
be necessary. Ea 

Conclusions: Patients with chronic AR and LV hs 
pertrophy seem to have an increased resting 
flow anda decreased coronary vascular resery 
decrease i in n coronary vascular reserve wa 




































































əd with the degree of LV hypertrophy, repre- 
our ‘study yi LV mass, LV wall thickness, and 


ne on the aa mechanisms responsible for the 
ical deterioration of patients with advanced AR. 
hether the altered capacity to appropriately i increase 
oronary blood flow participates in the pathogenesis of 
he syndrome of angina pectoris in patients with AR and 
rmal coronary arteries remains unanswered. Our 
udy shows a trend that supports the hypothesis of a 
mited coronary vascular reserve being a cause of an- 
na pectoris, but the population size and limitations 
t the methods do not allow for a definite conclusion. 
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Regurgitation of Prosthetic Heart Valves: Dependence ~ 
Heart Rate and Cardiac Output 


VIN 3 DELLSPERGER, PhD, DAVID W. WIETING, PhD, DEBRA A. BAEHR, BS, 
ROBERT J. BARD, BS, JEAN-PIERRE BRUGGER, PhD, and EARL C. HARRISON, MD- 


Prosthetic heart valves exhibit closure and leakage 
yackflow; however, no well-controlled study to 
aluate the influence of factors such as cardiac 

ut and heart rate on backflow has been reported 
ate. Four clinically used prosthetic aortic valves 

27 mm)-——St. Jude Medical, Bjork-Shiley 

ical Disc, Bjork-Shiley Convexo Concave, and 
Starr-Edwards model 1260—were studied in the 
tic chamber of a pulse duplication system at 

irt rates of 50, 80,110, and 140 beats/min, car- 
iac output of 2, 4, 6, and 8 liters/min, and mean 
ortic pressure of 100 mm Hg. Regurgitation was 
Iculated in percentage and found to vary directly 
th heart rate and inversely with cardiac output. 


he pioneering work of Hufnagel and Harvey! in 
2, and Harken et al?.and Starr and Edwards? in 1960, 
asiderable effort has been devoted to the design, de- 
opment, and testing of prosthetic heart valves.4 The 
continues to be a heart valve which functions with 
' efficiency of a normal human heart valve. Major 
oblems associated with tissue and mechanical pros- 
¢ heart valves include thromboembolism, hemol- 
‘tissue overgrowth, infection, calcification, valve 
ar, and excessive pressure gradients.>-!0 
One problem not generally considered when selecting 
osthetic heart valve is the volume of backflow 
irgitation) associated with the particular design. 
e patient with poor cardiac performance, the 
tof backflow may be critical when heart rates 
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The range of values obtained were 5, 5% 
Starr-Edwards model 1260 valve at 110 beats. 
and 8 liters/min, to 37.5% for the nan, 
Convexo Concave valve att 4 ) be: i 


liters/min. Regurgitation associated with p 
heart valves may present a problem clinica 
particularly under conditions of low cardiac ou 
and tachycardia. 


and cardiac. outputs differ fon the: norm. Ba 
associated with prosthetic heart valves is com 
2 categories: (1) closure backflow (which is requir 
close the valve), and (2) leakage backflow (which occ 
after the valve is closed) (Fig. 1). 
Although studies of backflow. associated ‘with | pr 
thetic heart valves under various test conditions h: 
been reported, a detailed analysis of the interrela 
ship of backflow, heart rate, and cardiac outpu 
heretofore not been performed. 


Methods: 


Four ditierent currently used ‘clinical. prosthe: 
valves were employed in this study. All valves. wi 
to a 27 mm mounting diameter. The study inclu: 
lowing valves: a Bjérk-Shiley spherical disc, Bjé 
Convexo Concave dise, St. Jude Medical, and Starr-Bd 
model 1260. Each valve was independently stu 
aortic chamber of a pulse duplication system Ww. 
the left heart as described by Wieting et al? in 196¢ 
The chamber geometry was obtained by sectio 
temperature vulcanizing (RTV) silicone. rubber Anjectic 
molded castings, ‘The aortic sinuses are modelrd | 
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FIGURE 1. Typical aortic flow versus time tracing, illustrating categories of backflow. 
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FIGURE 2. Schematic diagram of the pulse duplication system as designed by Wieting et alf in 1966. 











in the ittal chamber for all studies. The valves were 
in an aqueous glycerol blood analog fluid composed of 36 
glycerol by volume. The specific gravity of this solut 
25°C is 1.1 with a viscosity of 3.5 centipoise. The pu 

35mm 30.5mm “28mm » 66mm i plication system was adjusted until the left atrial, | 
i tricular, and aortic pressures resembled physiologic 

forms. These pressures were measured with 3 Ailtech MS: 























physiologic pressure transducers. Aortic flow was m 
with a Carolina square wave electromagnetic flowmeter 
Sa - 501, using a'26.mm diameter cannulating iron-core flow p 
POTE reassure Tap.) . [chet Ventricular aa be model EP 695. The pressure and flow signals were filte 
i 75 ins : 30 Hz and monitored and recorded on. a Honeywell Electro 
E: a for: Medicine VR- 6 Simultrace recorder using paper sp 
of 100, mms: : ; 


























Stor eduard Moi el 11260 
oe 27mm Aortic Valve 


Backflow (Percent) 


$ 
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{. Jude Medical 
27mm Aortic Valve 





Bjork-Shiley Convexo-Concave 
27mm Aortic Vaive 





ing: aortic valve lie se A, Starr-Edwards model 1260; B, St. Jude Medical: C, Bjork-Shi ley spherical disc; and D; Bjérk-Shiley onvex 
e. In each graph, the upper surface represents the total backflow. The lower surface in B, C, and D represents closure backfl 
backflow shown between the 2 surfaces in B,C, and D is the backflow that occurs while the valve is closed (leakage backflow). Sines th S 
ards model 1260 valve has no leakage backflow, the closure backflow is the total backfiow. 


tput 2, 4, 6, and 8 liters/min; and rate 140 beats/min, output 
and 8 liters/min. Systolic durations, corresponding to 

T interval of the electrocardiogram for each heart rate 

r, were selected as reported by Burton.!! The resulting 

are as follows: heart rate 50 beats/min, systolic duration 

ate 80 beats/min, duration 350 ms; rate 110 beats/ 
uration 290 ms; and rate 140 beats/min, duration 260 


oughout the range of simulated heart rates and cardiac 
he mean aortic pressure was maintained at 100 + 
ım H mean left atrial pressure was maintained at physi- 


na yzed by planimetry techniques 
cent bac flow, and (2) backflow 


1.) The percent backflow was: measured using the follo 
formula®: Percent backflow 
where A; is the area’ under the forward flow versus tin 

Ag is the area of total backflow, Ag is the ar 

during valve closure, and Aq is the area of ba 

valve leakage. Backflow in milliliters/stroke is ob 

the following formula: Backflow (ml/strok A, 

x (CO/HR) (n = 2, 3, 4), where Aj, As, Ag, and 
described, CO is the mean flow rate in vailliiters/ininute, 
HR is the pulse rate in beats/minute. 


Results 
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Results tor the Bjérk-Shiley Spherical Disc and Bjork-Shiley Convexo Concave Valves Expressed in Percent Total 
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ABLE I! Valve With the Highest Percent Backflow at 
-= Bach Setting 
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4 Bjork-Shiley Convexo Concave; BSSD. = Bjérk-Shiley 
çal Disc; SUM = St. Jude Medical. 


etween the lower d upper surfaces i in these 
‘epresents. ‘backflow epeuering hoki the valve 


alein and a cardiac output of 2 liters/min, se 
flow of 19. 3%. The valyes generally have ' 


_ ‘The actual values for percent backflow are pres 


IIL. The Starr-Edwards model 1260 i 
lowest total percent backflow. at each setting. 


ters/stroke is shown in Figure 5. The backflow in m 
liliters/stroke remains relatively constant along a plane 
of constant heart rate. This analysis suggests that ther 
is a true inverse relation between percent backflow and 
cardiac output: that is, the amount of backflow in vol- 
ume remains constant with constant heart rates; but the 
denominator becomes smaller, leading to larger perci 
values. The actual values for: backflow in millilit 
stroke are presented in Tables IV and V. 


Discussion 


In vitro studies: Natural human heart valves 
net backflows which are not measurable.51213 
atomic configuration of these valves takes advanta 
flow inertia to promote rapid closure. After 
natural human heart valves seal tightly and do not 
retrograde flow. 

By their nature, however, all prosthetic heart 
sare a certain amount gi paeitioi to effei 
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f fate e for the oui aortic valve prostheses: A, Starr-Edwards model 1260; B, St: Jude Medical: C, Bjork Shiley spherical disc; and. 
t Convexo Concave: In each graph, the upper surface represents total backflow. The lower surface in B, C; and D represents 
volume of backflow shown between the 2 surfaces in B, C, and D is the backflow that occurs while the valve is closed (leakage backflow 
the Starr-Edwards model 1260 valve has no leakage backflow, the closure backflow is the total backflow. 


low, however, is slightly greater in the Bjérk-Shiley backflow stems from the orifice seating desig 
disc valve than in the Convexo Concave model. prosthesis. Other prostheses studied-——the 
ible explanation for the higher closure backflow Medical, Bjork-Shiley ae disc, and jörk- 
the Björk-Shiley Convexo Concave occluder : 
less drag to the reverse flow and therefore 
ower. Drag forces during closure are greater 
occluder presents a concave surface to the 
flow, similar to a sail in the wind. Drag forces 
ure are least when the occluder is streamlined 
direction of ates flow. 
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Category - 
50 80 110 140 50 / 80 110 140 of Backflow °° 
2 5.1 5.1 5.8 47 4.2 4.6 34 3.4 Closure. 
79 4.9 3.4 2.3 NM NM NM NM Leakage. 
13.0 10.3 9.2 7:0 4.2 4.6 3.4 3.4 Total 
4 5.7 6.3 5.1 5.4 6.3 4.0 46 3.5 Closure 
7.6 4.3 2.7 1,3 NM NM NM NM Leakage 
13.3 10.6 7.8 6.7 4.0 4.6 3.5 Total 
6 fate 6.0 5.3 5.0 6.1 4.4 3.4 Closure |”. 
seek 41 3.2 2.3 NM NM NM Leakage 
; : 10.1 8.5 7.3 6.1 4.4 3.4 Total 
8 pike 5.1 5.7 Hii 4,3 5.1 Closure 
2.8 2.1 ni NM NM Leakage 
7.9 7.8 ba 4.3. 5.1 Total 7 
5.4 5.8 5.3 5.2 5,2 49 4.2 3.9 Closure. 
7.8 4.4 3.0 2.0 NM NM NM NM Leakage i 0 
13.2 10.2 8.3 7.2 5.2 4.9 4.2 3.9 Total 
NM not measurable. 
indings of markedly increased backflows at low cardiac those obtained in this study in a pulse duplicator system 
tput and fast heart rates. with a blood analog test fluid. a 
Although most investigators have not divided back- In vivo results: Many investigators have stated that 
w analysis into the 2 types of backflow, several studies an obligatory closing backflow exists in mechanical _ 
ive been carried out.on the leakage component. Bell- prosthetic heart. valves!3.!51618.19; however, few have _ 
ise and Bellhouse!® found that a leakage of 5.7% at reported the magnitude of this backflow. 13,18,19 Lev ang 
cardiac output of 5 liters/min associated with the et- al? studied the transvalvular regurgitation | 
tk-Shiley spherical disc mitral valve, which is con- Bjérk-Shiley spherical disc aortic valves after implan 
tent with the results obtained in this study. On the tation in humans using 2 techniques. One techniqu 
her hand, Bjérk and Henze!’ evaluated leakage employed an electromagnetic flow probe placed aroune 
rough a Bjérk-Shiley spherical disc prosthesis using the ascending aorta perioperatively. This technique 
column of test fluid (human blood) with variable however, lacks specificity in assessing transvalvu 
ight. They found that the leakage flow rate at a regurgitation. Reverse flow due to coronary blood fl 
essure of 100 mm Hg was 7.5 ml/s for a 27 mm valve. was estimated and subtracted from the overall reve: 
his leakage flow rate when converted into leakage flow waveform. The transvalvular regurgitant fraction 





kflow is 5.9 ml/stroke at a heart rate of 50 beats/min was found to be 7% for a size 27 mm Bjérk-Shile 
id 1.3 ml/stroke ata heart rate of 140 beats/min. The spherical disc aortic valve. They divided the backflow. 
lues obtained by Björk and Henze are lower than into closure and leakage components and found that . 





sant N Results for the Björk-Shiley Spherical Disc and Björk-Shiley Convexo Concave Valves Expressed in Miliiters/ 
_ Stroke 
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50 80 110 110 140 
2 5.5 6.0 5.2 6.0 7A 5.9 57 
14.7 6.8 3.6 1.9 47 2.6 27. 
17.3 12.8 8.8 7.9 41.8 8.5 8.4 
4 5.3 5.0 5.0 54 6.2 5.4 46. 
10.0 66 3.7 2.0 43 24 1.4 
15.3 10.6 8.7 7.4 1 10.5 7.8 6.0 
6 a 4.6 5.1 4.6 is 5.5 5.3 4.8 
4.1 1.6 12 46 1:8 1.4 
8.7 6.7 5.8 10.1 74 6.2 
ay 5.0 3.5 ae 5.6 5,7. 
2.0 2.1 38: 1.1 
7.0 5.6 8.9 6.8. 
SoBe 49 5.5 52 
one 4k A268 vee 
OTE O ae Bio 69 





ase at a heart rate of 72 beats/min. In addition 
e perioperative flow recordings, postoperative 
ineaortography was performed and the transvalvular 
eakage was graded from 0 to IV according to the degree 
f contrast filling of the left ventricle. Used clinically, 
owever, this technique lacks the quantitative measure 
it a well- controlled in vitro study would yield. In 
vang’s series of 47 patients with Björk-Shiley 
| disc prostheses, 42 patients had a grade I 
regurgitation, 4 patients had a grade II 
lar regurgitation, and 1 patient had a grade 
valvular regurgitation. The patient with the 
TU transvalvular regurgitation was found to have 
30% regurgitation during the perioperative flow 
measurement. 
Williams et al,!9 using an electromagnetic flow probe 
placed upstream from the normal mitral valve, found 
_ that in dogs, regurgitation associated with normal valve 
_ closure was negligible when compared to the approxi- 
mate 4% associated with a Starr-Edwards mitral valve 
srostheses. at low heart. rates. Nolan and co-work- 
19,21.22 reported that closure backflow in calves varied 
m 1.3 to 3.6- ml for disc and ball-type mitral valve 
ostheses as measured with an electromagnetic flow 
obe attached to the orifice of the prosthesis. These 
igures are slightly lower than the 4.5 m] measured in 
this study for.a Starr-Edwards prosthesis in the aortic 
_ position. In vivo studies reported by Frater” indicated 
the obligatory closing backflow was approximately 3.1 
for eccentrically opening mitral valve prostheses, 
uch as the Bjérk-Shiley spherical disc valve. In Frater’s 
wrk the amount of obligatory backflow did not vary 
significantly as the heart rate was increased, while the 
ercentage of backflow increased as the heart rate in- 
ased. The 3.1 ml obtained by Frater for an eccentri- 
ily opening mitral valve is lower than the 5.1 to 5.5 ml 
d for the Bjérk-Shiley valves in this study. The 
unt of fluid required, however, in order to close a 
osthetic valve in the mitral position is lower than that 
juired for the closure of an aortic prosthetic valve 
blished data). 
inical significance: When evaluating a valvular 
n hemodynamically, both the decrease in pressure 
ind the regurgitation should be assessed. Clinically 
nificant incompetence occurs at regurgitant flows as 
v as 20 to 30% of the forward stroke volume.”4 In this 
udy, all prostheses exhibited some degree of backflow 
pulse duplicator settings. The backflow in the 
al” range of operation was approximately 10%, 
is not considered clinically significant. However, 
hinged leaflet valves. have total regurgitant fractions 
10% once cardiac output is <4 liters/min and heart 
'>110 beats/min. At rates equivalent to clinical 
tachycardia, closure backflow is the major component 
regurgitation, while the leakage backflow is the major 
ponent of regurgitation at rates equivalent to clin- 
adycardia. 
physician should be aware of the possible prob- 
ch may be associated with prosthetic valves with 
fractions. Specifically, for a patient 


ac output, backflow may 


present an enormous demand on the cardi 
supply. In this case, the valve which has a lc 
backflow would be hemodynamically favorable. 
ever, a patient with bradycardia presents a differ 
type of problem. In this patient, the obligatory clos 
backflow is small compared with the large volume 
leakage backflow. At these rates, leakage backflow ma’ 
represent as much as 65 to’ 75% of the total backflo 
this patient, a prosthesis which possesses litt] 
leakage backflow would be, heimodynaroical 
able. = 
It is Feueonable to paua that dia tol 
tation with an intraaortic balloon pump m: 
ciated with excess backflow in patients with 
valves which have a large amount of leakage ba 
From this study and others,!7 the slower the he 
and the higher the closing transvalvular pressu 
greater the amount of leakage backflow.. 
Conclusion: Regurgitation of the 4 prosthetic s V 
studied is dependent on heart rate and cardiac ou 
During tachycardia, closure backflow domina: 
whereas, during bradycardia leakage backflow di 
nates. Regurgitation also varies inversely with « car 
output. Regurgitation of prosthetic valves does - 
appear to be significant for the patient with heart. t 
and cardiac outputs in the normal range. Mean 
pressures were maintained at a constant. level 
study. Because mean aortic pressure fluctuates in 
further analysis of the regurgitation of prosthe te 
valves should be made with varying mean aortic p 
sures. 
Total-backflows >30% were measüred Tor 
hinged leaflet valves (St. Jude Medical, Björk- 
spherical disc, and Bjérk-Shiley Convexo Conc 
These high percent backflows measured in vitr 
be clinically significant, particularly at increased h 
rates and low cardiac outputs. - 
The Starr-Edwards model 1260 ball valve had 
smallest backflow measured both in percentage an 
milliliters/stroke. A major factor responsible for 
lower backflow is the absence of leakage backflow w 
this orifice seating ball valve; however, the clos 
backflow for the Starr-Edwards valve was also less t 
that associated with the hinged leaflet valves. — 
Based on the results of this study, backflow assoc 
with prosthetic heart valves may be a matter of 
greater concern when surgically replacing more th: 
diseased or malfunctioning cardiac valve. Backi 
associated with 2 or more prosthetic valves could re 
in an increased work load of >50% on the hea: 
to maintain suitable cardiac output. For this reaso 
is imperative that future prosthetic heart valv 
designed to minimize backflow. 
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SELLANEOUS TOPICS | 


\ oninvasive Detection of Active Pericardial Bleeding 
3 g Cardiac Blood Pool Scintigraphy. 


OTHY M. BATEMAN, MD, RASHID MASSUMI, MD, RICHARD J. GRAY, MD, 
ELIO CHAUX, MD, MICHELE A. DeROBERTIS, RN, DAVID E. BROWN, CNMT, - 
ACK M. MATLOFF, MD, and DANIEL S. BERMAN, MD oF 


> diagnosis of active pericardial bleeding has 
ditionally depended on an invasive documentation 
eedie aspiration, angiography, or direct in- 


per ie Blood pool scintigraphy performed in 2 


: ees cardiac a Ne pacemaker or 

er perforation, open heart surgery,’ acute myo- 

dial infarction,® rupture of the heart or aorta,®7 

eoplastic disease of the pericardium,’ drugs that alter 

ting mechanisms,® and pericarditides of viral, tu- 

cular, or uremic!! origin. When bleeding accom- 

flammatory conditions of the pericardium, no 

nagement: is usually. needed beyond an 

of its possibility and an avoidance of medi- 

hat may exacerbate the hemorrhage. In other 

) ever, active pericardial hemorrhage may be 

reatening. Situations of this type may arise sec- 

' to pacemaker or catheter perforation, early after 

ac surgery, early after infarction, or with retrograde 

tic dissection, where the detection of bleeding may 

e impending cardiac tamponade. Traditionally, 

iagnosis has depended | on.a-strong clinical suspi- 

‘ollowed by invasive documentation by needle as- 
ingiography, or direct inspection. 

ear techniques may be useful for the detection 

ding, in that red blood cells are labelled with a 

uclide, thereby allowing their localization to 

ntra- or. extravascular ‘spaces. In active peri- 
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acute peticardial bleeding manifested itselt 
additional blood pool adjacent to the cardi 
chambers. With appropriate attention to techr 
factors, such distinctive images should be hig! 
specific for active bleeding into the peric i 


cardial bleeding, an additional blood pool encirding 
or part of the myocardium may be expected. Howe’ 
this finding has not yet been reported and in our 
rience is an uncommon observation. Because this 
simply reflect the infrequent application of blood. 
imaging in suspected hemopericardium, we believ 
important to draw attention to scintigraphic findi 
when cardiac blood pool imaging is performed in pa 
tients with active pericardial bleeding. 


Reports of Patients 


Patient 1: A 76-year-old man was referred for exercise radionuc 
ventriealography because of recent onset of typical angina. Resul 
of physical examination were within normal limits: As the patient wa 
being prepared for the exercise test, chest pain accompanied bya hea 
block typical of the Mobitz T} pattern occurred. After injection of! 
mCi of technetium-99m-labelled red blood cells; a resting. rad 
clide ventriculogram was normal (Fig. 1A). The exercise study wa 
deferred in view of the ischemia-induced heart block, and the ‘pati 
underwent’ temporary pacemaker insertion. Difficulty:in ii 
regular capture required numerous repositionings o 
within: the: Tight ventricle. Approximately 1 hour after pacen 
insertion, a:ŝharp pleuritic anterior chest pain suddenly des 
that was quite unlike the angina. The pacing threshold of th 
tricular demand pacemaker concomitantly increased, and the 
intermittent loss: of ability to capture, A 3-dimensional echoe, 
gram revealed a small anterior and posterior pericardial effusion 

also suggested that the tip of the pacemaker wire was outside tl 
ventricular chamber, as described previously. 312438 A diag 
pacemaker perforation was made, and the wire was repositioned 
the right ventricle. Four hours after injection of the: techne 

99m-labelled red blood cells, repeat: scintigraphic images rev 
a halo of increased radioactivity around the entire heart (Fig. 1B 
subsequent: course was uneventful: 





330 SCINTIGRAPHIC DETECTION OF PERICARDIAL HEMORRHAGE 


PRE 


POST 


ANT LAD 45 


FIGURE 1. Patient 1. A, anterior (ANT) and left anterior oblique (LAO) 
45° cardiac blood pool scintigrams taken at rest with patient supine. 
B, same views 4 hours later, after a temporary transvenous pacemaker 
tip had penetrated the right ventricular wall. A “halo” of activity sur- 
rounding the heart has developed, consistent with the presence of ra- 
dioactively labelled red blood cells within the pericardial space. 


and 2 chest tubes were placed in the pericardial space. By 8 hours 
postoperatively, 1,100 ml of blood had been lost from the chest tubes. 
The neck veins were distended, and the cardiac index was only 1.9 
liters/min/m? and the blood pressure 100/50 mm Hg. Because the 
pulmonary capillary wedge pressure was 12 mm Hg, blood, colloid, 
and plasma expanders were given, with a rapid increase in the right 
atrial pressure (to 24 mm Hg), and little change in the pulmonary 
capillary wedge pressure, cardiac index, or blood pressure. Chest 
X-ray showed a larger cardiac silhouette than preoperatively, with 
a prominent right heart border. A diagnosis of right atrial tampon- 
ade!4 was suspected and the patient returned to the operating room. 
On opening of the sternum, cardiac index and blood pressure in- 
creased and the right atrial pressure decreased precipitously, changing 
its waveform from a finely undulating line to a recognizable atrial 
pressure tracing with steep x and y descents. Fresh blood and well- 
formed clots were seen throughout the pericardial cavity, with a 
marked accumulation over the right coronary artery graft, clearly 
compressing the right atrium. The source of bleeding was a small area 
on the right atrium. 

Equilibrium radionuclide ventriculography using technetium- 
99m-labelled red blood cells had been performed approximately 48 
hours preoperatively and again about 3 hours postoperatively (Fig. 
2). The postoperative wall motion study differed from the preopera- 
tive one in that the end-diastolic volume of the left ventricle was much 
smaller and a faint halo of increased radioactivity surrounded the 
entire heart, both findings probably representing blood outside of and 
compressing the cardiac chambers. There was a marked accumulation 
of radioactivity along the free border of the right ventricle and right 
atrium. In the preoperative anterior views, the right atrium virtually 
disappeared during ventricular diastole, as the labelled blood left it 
to fill the right ventricle. In the postoperative images, the area of the 
right atrium emitted a large number of counts that did not vary with 
the cardiac cycle, indicating a large volume of labelled blood lying 
outside the atrial chamber and compressing it to a fraction of its 
normal size. Post-reoperative images were similar to those taken be- 
fore the first operation. 


Discussion 


In equilibrium blood pool scintigraphy, red blood cells 
are labelled with a radiopharmaceutical agent that emits 
gamma rays detectable by a scintillation camera. A 
parallel-hole collimator is placed between the patient 
and the camera to allow localization of count origins and 
thus the development by a computer of an image of the 
blood pool within the region of viewing interest. In the 











FIGURE 2. Patient 2. Cardiac blood pool scintigrams taken at rest with 
the patient supine, before open heart surgery (PRE-OP), and just before 
the development of tamponade (POST-OP). ES = end-systole; ED = 
end-diastole. 


usual situation in which cardiac imaging is performed, 
the labelled red blood cells remain within the vascular 
space and the resulting images are therefore of the 
cardiac chambers and the great vessels, with “back- 
ground radioactivity” resulting from the pulmonary 
vascular bed and scatter from radioactivity contained 
within the cardiac chambers. The myocardium sur- 
rounding the cardiac chambers will not be as great a 
source of gamma rays and so will appear as a rim of 
relative darkness. With a large pericardial effusion, this 
rim of darkness will be thicker than expected.!° If 
pericardial bleeding is active, an additional radioactive 
blood pool encircling all or part of the myocardium 
would be expected. If the blood is flowing into a closed 
and healthy pericardium with or without excessive 


‘fluid, the bood should ‘distribute rather n 


throughout the pericardial ‘space with a 
greater concentration in the dependent areas, 
t Patient 1. When the bleeding is brisk and the 
pericardium is diseased, absent, or open, the formation 
of blood clots may lead to an uneven distribution of 
blood, as in Patient 2. 
he detection. of bleeding, the radionuclear label 
nearly. completely bound to red blood cells, for 
bound isotopes may distribute freely throughout 
as well as intravascular spaces and may even ac- 
ate in various serous cavities. Indeed, the differ- 
iation of transudative from exudative pericardial 
usions has been attempted on the basis of how fast 
injected bolus of free technetium-99m diffused into 
he pericardial space of patients with known effusions.!6 
Radioactivity emanating from the pericardium will not 
be specific for active pericardial bleeding if the tech- 
etium-99m has been labelled to albumin, because this 
ond is not-stable anda large portion-of the tracer will 
free to redistribute throughout extravascular spaces 
hin 1 hour of injection.!” Moreover, there will be 
uations other than active bleeding in which albumin 
If would extravasate into the pericardial space. Be- 
ise in the absence of bleeding, red blood cells remain 
lusively intravascular, tagged red cells are the ideal 
agent for blood pool imaging. At our institution, an in 
vitro method for labelling red blood cells with techne- 
m-99m is employed.'!8 This method routinely pro- 
ides >95% labelling efficiency which persists at this 
igh level for at least 30 minutes after injection.'" It is 
jot certain that this degree of binding will continue for 
a prolonged period, but preliminary studies here have 
ablished a comparable binding efficiency for at least 
hours from the time of injection. An in vivo method’? 
or labelling erythrocytes is more commonly employed 
or convenience and availability, but has a lower intra- 
ular retention of activity at 30 minutes than does 
he in vitro method.!® Therefore, we believe the in vitro 
ethod holds more promise if blood pool imaging is to 
ome a reliable test for the detection of bleeding. 
3lood pool scintigraphy is not yet a proven sensitive 
hod for detecting pericardial bleeding. Also un- 
wn is the amount of bleeding required before the 
ribed scintigraphic appearances may be antici- 
ied. However, these are reasonable areas for inves- 
yn, because a reliable method of either detecting 
ling out pericardial bleeding would find clinical use 
on occasionally eliminated the need for a more 
ve dingngstie approach. In addition, because 


technetium-99m has a half-life in excess of 6 hot 
sualization of bleeding may be possible as | : 
hours after injection of the labelled. red blood | 
Therefore, repeated imaging may be of help in dete 
slow or intermittent pericardial hemorrhage. _ 
This present. documentation should serve. to i 
attention to other possible uses of blood pc 
in the detection of active bleeding. Recent re 
demonstrated its usefulness in the diag 
calization of acute gastrointestinal bleedi 
localization of active pulmonary hemo 
sun this procedure may alsog P n 


meniiñges. 
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e acute effects of hemodialysis on left ventricular 
/) tunction were studied with the use of externally 
orded LV systolic time intervals and echocardi- 
ography; 10 patients with normal or near-normal 
redialysis LV function and no circulatory congestion 
: studied. Hemodialysis significantly decreased 
he LV ejection time (LVET) from 270 + 9 ms to 237 
10 ms (p <0.001); no significant change was 


ET ratio increased from 0.41 + 0.05 to 0.45 + 
6 (p <0.05). The LV end-diastolic dimension 
eased from 5.3 + 0.3 cm to 4.8 + 0.3 cm (p 


ed in the preejection period (PEP). The PEP/ — 


. ssessment of the Cardiac Effects of Hemodialysis With 
systolic Time Intervals and Echocardiography 


RAHAM BORNSTEIN, MD, WILLIAM H. GAASCH, MD, and JOHN HARRINGTON, MD 


<0.001). Fractional shortening and ejection fraction | 
did not change significantly, but hemodialysis —. 
slightly increased mean Vc, from 1.2 + 0.1s7'to | 
1.4 + 0.1871'(p <0.005). Hemodialysis was asso- 
ciated with a 17% decrease (87 + 8 mito 72+ 7 — 
ml; p <0.001) in LV stroke volume as calculated 
from echocardiographic data. Small changes in 
heart rate and blood pressure were insignificant. We. 
conclude that the postdialysis reduction in stroke — 
volume was due primarily to an acute decrease in .. 
LV preload; dialysis also appears to be associated 
with a small increase in the LV contractile state. _ 





































e effect of chronic renal failure and hemodialysis on 
diac function has been the subject of several reports. 

‘ly studies primarily used the classic measurements 
ardiac output and stroke volume,!~3 but more re- 
ently the effect of hemodialysis on left ventricular 
ction has been studied with noninvasive tech- 
ues.‘ 4-6 The latter methods not only allow determi- 
n of LV end-diastolic volume or dimension, systolic 
jection fraction, and cardiac output, but also provide 
formation regarding changes in the LV contractile 
8 Noninvasive methods have an obvious advan- 
e over invasive techniques partly because they make 
possible to monitor LV performance serially in 
onically dialyzed patients during diagnostic or 
rapeutic intervention. The externally recorded 
time interval and the echocardiographic LV 
re complementary i in that each provides infor- 
the other does not.” 

dialysis i in patients with chronic renal failure 
to cause a reduction in stroke volume as re- 
y a decrease in LV ejection time. However, we 
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were unable in those studies to estimate changes in 
ejection fraction or LV contractile state.4 The purpose __ 
of the present study was to examine the effects of he- 
modialysis.on LV function using both systolic time in- 
tervals and the echocardiographic (echo) LV study. _ 
Specifically, we wish to define the mechanisms ire- 
sponsible for the postdialysis reduction in LV stroke Oe 
volume. a8 








Methods 


Ten patients with chronic renal failure maintained by 
long-term hemodialysis at the Hemodialysis Unit of the New 
England Medical Center Hospital were studied. All 10 pa- 
tients were active and ambulatory, and none had evidence of 
pulmonary congestion or more than a trace of peripher: 
edema. No patient was taking digitalis. The patients w 
studied immediately. before and after hemodialysis (4. 
hours) in the recumbent position. Dialysis was performe 
using a 1.0 m? parallel plate kidney and a variable degre 
positive pressure ultrafiltration, Blood flow was typicall 
to 300 ml/min. 2 

Echocardiograms were obtained with a Smith Kline] 
20A ultrasonoscope using a 2.25 MHz, 0.5 inch transd 
focused at 7.5 cm. LV dimensions were measured at: ent 
diastole and end-systole, and the fractional change in LV di- 
mension (or circumference) was calculated as (DED — DES)/ 
DED, where DED = dimension at end-diastole and DES = 
dimensions at end-systole. Mean normalized velocity of cir- 
cumferential fiber. shortening (mean: Vep expressed in cir- 

ond [circ/s]} was calculated as follows: 
(DED — DES)/DED- LVET, here LVET = LV i : 





















| ejection time measured | 


methods, including the rationale for then 
and the limitations of these echocardiographic techn 
detailed in previous reports.7~ LV volume was esti 
the method of Teichholz et al. 
Externally monitored LV systolic time intervals 
corded at a paper speed of 100 mm/s using standart 
ods.!! Lead II of the electrocardiogram was recorded 
taneous] with the a pelt and t 


heart 


to the incisural notch on the caro 
ejection p eriod ERP was derived by subtis 


fractional shortening; HR 


(beats/min) 


obtained from the average R- R interval of th : 
plexes. Blood pressure was measured by cuff s} 
nometer. All. data ¢ are. preeentea as the aerar ; 


a paired t test. 
Patients were selected for this study only i 


normal echocardiographic. and systolic tim: 
before hemodialysis. Both the echocardiograph 


duction delay. Patients 8 and 10 had 
intervals and normal echocardiogra 


left ventricular dimension at end-diastole; FS 
preejection period; SE = standard error; Vor = mean velocity of circumferential! fiber shortening. 


are presented in Table I, a 
shown in Figure 1. Body weig! 
dimension decreased in every 
but fractional shortening: 


statistically significant (p <0. 005). 
ferential fiber shortening velocit: 
stolic volume decreased from 143 


dialysis (after dialysis); DED 


left ventricular ejection time; NS = not significant; PEP 
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preejection period; the PED Be ratio i 
0.41 + 0.05 to 0.45: 0.06 (p. <0.05). h 
tended to increase and arterial pressure t ; 
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mEgq/liter (p <0. 005). 
Discussion 


blood pressure; C = control (before dialysis); D 


BP 
rate; LVET 


hemodialysis was : a 
reduction i in LV 






















Hemodialysis resulted in a highly significant decrease 
n LY ejection time, no change i in the preejection period, 

nd a small but significant increase in the PEP/LVET 
atio. If these data were interpreted without the infor- 
ation provided by the echocardiographic LV study, 
t might be concluded that the decrease in LVET, which 
mplies a postdialysis rejection in stroke volume,’ was 
lue toa decline in the systolic ejection fraction, because 
increase in the PEP/LVET ratio suggests a decrease 
the ejection fraction." It is well known that decreased 
.V preload commonly accompanies hemodialysis, and 
Ithough it might also contribute to a reduction in 
JET, the relative contributions of these 2 factors 
decreased preload and ejection fraction) are impossible 
assess from systolic time interval data alone. The 
1ocardiogram provides important information in this 
egard, The echocardiographic LV study confirmed a 
eduction in preload, but no change in fractional 
hortening indicates no change in the systolic ejection 
tion. Thus, the suggestion that the ejection fraction 
ecreased with dialysis (on the basis of an increase in 
e PEP/LVET ratio, as described earlier) is not sup- 
sorted by the measured echocardiographic fractional 
ortening. Not only does the echocardiographic LV 
dy identify the basis for the postdialysis reduction 
VET; namely, a 17% decrease in LV end-diastolic 
me and a 24% decrease in stroke volume, but also 
-ombination of both techniques provides additional 
ight into the cardiac effects of hemodialysis. 

LV mean circumferential fiber shortening velocity 
alculated from the echocardiographic dimension data 
nd the LVET has been used as an index of LV con- 
ctile state, but it is well known that mean Ver is 
sitive to acute alterations in LV afterload®: that i is, 
rease in LV contractile state or a decrease in af- 
load, or both, will result in an increase in mean Voy. 
























0 patients, the decrease i in LV systolic pressure 


taphy. Hung et alf found that the systolic ejection 
mi imal (and eae nonsi nific it), but the 


fraction 








FIGURE 1. Echocardiographic LV studies be- >i 
fore and after hemodialysis (Patient 1). With: 
dialysis, the LV dimension at end-diastole (D) 
decreased from 4.6 to 4.0 cm and the systolic « 

dimension (S) from 3.2 to 2.7 cm. See text for 
details. 


decrease in LV systolic dimension and volume was 
highly significant. Because afterload (systolic wall 
stress) is directly related to systolic pressure and radius, 
a postdialysis reduction in afterload is apparent. For | 
this reason the postdialysis increase in Vcr must be 
interpreted with caution. The increase in Vor was likely: Q 
due in part to a reduction in afterload, and perhaps to 
an increase in contractility, but we would not conclude, 
as have others, that the increase in Vcr can be taken _ : 
as evidence of an increase in LV contractile state alone. 
However, there is some evidence of an increase in — 
contractility which is not apparent on analysis of the 
echocardiographic LV study; the absence of achange _ 
in PEP is not consistent with a pure decrease in preload. 
The PEP is determined by the rate of development of 
LV isovolumic pressure (LV dP/dt) and the level of 
aortic diastolic pressure (aortic valve opening pressure); 
LV dP/dt increases with an increase in preload or an 
increase in contractile state (and vice versa), or both... 
Arterial pressure did not change significantly, but with 
a decreased preload, the expected change in the PE 
should have been an increase (if there were no cha 
in contractility). The PEP did not change, and the 1 
of such a change is likely due to the opposing effects of 
a decrease in preload (which should increase the PEP). 
and an increase in contractility (which should decrea 
the PEP). Although this may be weak evidence for 
increase in the LV contractile state, the acute incre 
in serum calcium as well asa potential reductio 
uremic toxins or an improvement in electrolyte balan: 
or both, might be expected to augment LV. contractilit, 
Alterna tively, a reflex increase in sympathetic toni 
a consequence of the reduced stroke volume could h 
caused the increase in contractility. 7 
The findings in our 10 patients complement those 
recently reported with radionuclide left ventriculog- : 
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ormal Left Atrial Function Determined by 
Dimensional Echocardiography 
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obtain normal values for left atrial function non- 
asively, volumes of the left atrium and ventricle 
‘e calculated in 52 volunteers by 2-dimensional 
jocardiography. A light pen digitizing and com- 
ation system, controlled by a microprocessor, 
used to outline the left atrium and ventricle in 
‘thogonal apical views. Then, to calculate end- 
tolic and end-diastolic atrial and ventricular 
mes, a modified Simpson’s rule formula was 
d. End-systolic left atrial volume (mean + 
















standard deviation) was 37 + 11.7 mlor 2146.6) 
mi/m?, The change in left atrial volume from end- 
systole to end-diastole was 24 + 7.6 mi or 13.5 | 
4.3 mi/m?, which represented 37 + 12.9% of left __ 
ventricular stroke. volume. The mean fractional: 





_ emptying of the left atrium was 65 + 8.9% and the 


conduit volume was 41 + 14.0 ml or 23 + 7.9 ml/m?. 
These values are similar to those reported in studies 
in which left atrial function was calculated from 
contrast angiography. 























vey! first. proposed that atrial function made an 
ortant contribution. to ventricular filling. Although 
e denied this contribution,?-+ later studies sup- 
ted Harvey's proposal by demonstrating the influ- 
eof atrial function on ventricular filling and stroke 
ime.? 

vophase and transseptal contrast angiography have 
vided data about absolute left heart volumes, which 
e then used to determine left atrial function.”~'6 
ver, these techniques require cardiac catheter- 
ion, which precludes their routine clinical use. M- 
le echocardiography, a noninvasive technique, has 
reliable indicator of angiographically determined 
‘ial size expressed as an area,!7!8 but can only 
left atrial function indirectly.!92° Gated radio- 
iclide angiography also provides a noninvasive means 
ssessing normal left atrial function.2! However, it 
vides information about relative and not absolute 
ges in atrial volume, and there are potential errors 
ause of atrioventricular overlap, the technique for 
round correction, and the differential tissue at- 
tion of left atrial and ventricular photons. Bough 
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et al?! attempted to eliminate the last potentialerror 
by using M-mode echocardiography to determine the- 
comparative depths of the left atrium and ventricle. 
Because patients are frequently referred for 2-dimen- 
sional echocardiography to assess valvular lesions or left. 
ventricular performance, it would be preferable to de- 
rive information relating to left atrial function from 
these same echocardiograms rather than to performan 
additional test. ee 

Although previous studies have indicated that left- 
atrial and left ventricular volumes measured from apical 
and parasternal 2-dimensional echocardiograms cor- 
relate with the respective angiographic volumes or ra- 
dionuclide techniques, %4 routine clinical applicatio 
of quantitative 2-dimensional echocardiography 
noninvasive technique, has been hampered by the |; 
of normal values.2° To obtain normal values, we used 
this method to calculate absolute left atrial volumes. W 
then determined left atrial function expressed as tt 
change in left atrial volume from end-systole to 
diastole, the ratio of this change to left ventri 
stroke volume, the left atrial fractional emptying, 
the left atrial conduit volume. 


Methods 


Sixty-three subjects volunteered for the study. Eleven w 
excluded: 2 had hypertension, 2 chronic obstructive pulm 
nary disease, 4 mitral valve prolapse, and 3 left ventricu 
atrial echocardiograms:of suboptimal quality. Thus, 62 normal 
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FIGURE 1. Determination of left atrial 
volumes in a normal subject from api- 
cal 2-chamber views (above) and 4- 
chamber views (below) at end-systole. 
The left atrial outlines, traced with a 
light pen, are on the right. LA = left 
atrium. 


1.78 + 0.21 m2. Regional wall motion, wall thickness, and 
cardiac valves were normal as were blood pressure and the 
12-lead electrocardiogram. 

Two-dimensional echocardiograms were recorded with 
Varian 3000 or 3400 phased array 84° sector scanners and 2.25 
MHz, 32 element transducers. The images were generated at 
32 frames/second and recorded with standard video tech- 
niques at 64 fields/second for later playback and analysis in 
the stop-action mode. The 2- and 4-chamber views were used 
for end-systolic and end-diastolic volume measurements be- 
cause they are orientated in 2 orthogonal planes. These views 
were obtained with the patient in the extreme left lateral re- 
cumbent position with respiration suspended at end expira- 
tion. This is important because changes in position and phase 
of respiration may affect the volume of the heart chambers. 
The transducer was angled to qualitatively maximize atrial 
or ventricular size separately and to obtain clear outlines of 
each chamber at end-systole and end-diastole. End-systole 
_ was defined by advancing the videotape, frame by frame, to 
obtain maximal atrial and minimal ventricular size (usually 
at the end of the T wave of the electrocardiogram just before 
the mitral valve opening). End-diastole was determined by 
obtaining minimal atrial and maximal ventricular size (usually 
at the peak of the R wave of the electrocardiogram just after 
closure of the mitral leaflet). After an optimal image was 
identified, volume measurements were repeated 3 times and 
averaged from a single cardiac cycle. 

Left atrial volumes were obtained in the following way using 
a light pen digitizing and computation system controlled by 
a microprocessor.”° The atrial outline was traced along the 
inner border of the atrial wall (Fig. 1). However, when dropout 
of the atrial septum occurred, the outline was completed by 
a straight line drawn between the 2 inner borders of the ad- 
jacent clear echoes. Instead of using the inner surface along 
the coapted leaflets of the mitral valve, a straight line con- 
necting both sides of the leaflet attachments to the mitral 
valve anulus was taken as the border of the atrial outline. Care 
was taken to exclude both the pulmonary veins and the atrial 
appendage from the atrial perimeter. To calculate atrial 
end-systolic and end-diastolic volumes, a modified biplane 
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Simpson’s rule formula was used.?” Change in left atrial vol- 
ume was calculated from the difference between end-systolic 
and end-diastolic left atrial volume. Fractional emptying of 
the left atrium was then computed by dividing the change in 


left atrial volume by the left atrial volume at end-systole. Left 


atrial conduit volume was derived by subtracting the change — 


in left atrial volume from the left ventricular stroke volume. 


To calculate left atrial volume, we previously determined that — 


the intraobserver correlation and estimate of reliability was 


0.95 and 3.0 ml and the interobserver correlation and estimate — 


of reliability was 0.89 and 7.2 ml.28 


To determine left ventricular stroke volume, 2- and 4- | i 
chamber views were obtained so that left ventricular volumes | 


could be calculated. The plane of each of these views was 
chosen to maximize left ventricular size. Attempts were made 
to optimize visualization of the endocardium by careful — 
transducer and gain manipulations, by changes in the angle 
of the subject’s trunk, and by alterations in the phase of the 
subject’s respiration. Ventricular volumes were computed in 
a similar manner to that described for left atrial volumes with _ 
the use of a modified Simpson’s rule formula.” In tracing the — 
left ventricular endocardium, minor irregularities were ig- 
nored and the papillary muscles were excluded (Fig. 2). Left 
ventricular stroke volume was computed from the difference 
between left ventricular end-diastolic and end-systolic vol- 
umes. Intraobserver variability in ventricular volume mea- 
surement in our laboratory was determined as +4%, and cor- 
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relation coefficients for measurements obtained by 2 different 4 


observers (interobserver variability) were 0.82 for end- ese | 
stolic volume, 0.95 for end-systolic volume, and 0.95 for ejec- 
tion fraction.2% 

The heart rate of each subject at the time of echocardio- 
graphic study was noted. To assess whether left atrial function 
was influenced by heart rate, standard methods were used to | 
compute correlation coefficients between heart rate and each 


of the following variables: change in left atrial volume, ratio _ 
of the change in left atrial volume to left ventricular stroke _ 


volume, fractional left atrial emptying, and conduit volume. 
A p value <0.05 was considered significant. All results are 
expressed as the mean value + standard deviation. 
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Results 


The mean maximal left atrial volume (end-systolic 
volume) was 37 + 11.7 ml or 21 + 6.6 ml/m?. Mean 
change in left atrial volume was 24 + 7.6 ml or 13.5 + 4.3 
-ml/m? and the mean fractional emptying was 65 + 8.9% 
(Table I). It was determined from statistical analysis 
that correction for body surface area was not necessary 
when left atrial volume was measured in a normal 
population. To be complete, both values are presented 
here. 

Mean left ventricular end-diastolic, end-systolic, and 
stroke volumes were 97 + 17.8 ml or 54.5 + 10 ml/m?, 32 
~+ 10.7 ml or 18 + 6 ml/m2, and 65 + 14.3 ml or 36.5 + 8 
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‘TABLE | Normal Values for Left Atrial Volume and 
Function in 52 Volunteers 





f ay Variable Mean SD Range 

Bas _ LA volume at end-systole 

(ear ml 37 11.7 15-66 

o omi? 21 6.6 

-= LA volume at end-diastole 

E ml 13 5.7 3-29 

Ems mim? 7.3 3:2 

| Change in LA volume 

ran ml 24 7.6 10-45 

fy  mi/m? 13.5 4.3 

E Fractional emptying (%) 65 8.9 44-82 

LV stroke volume 

n ml 65 14.3 39-136 
$ ml/m? 36.5 8.0 

| Change in LA volume/LV 37 12.9 11-71 
K stroke volume (%) 

| Conduit volume 

Reese: mb 41 14.0 16-114 

bes ml/m? 23 7.9 

a - LA = left atrial; LV = left ventricular; SD = standard deviation. 
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FIGURE 2. Determination of left ven- 
tricular volumes in a normal subject 
from apical 2-chamber views (above) 
and 4-chamber views (below) at end- 
systole. The outlines of the left ven- 
tricular endocardium, traced with a light 
pen, are on the right. LV = left ven- 
tricle. 


ml/m?. Thus, the change in left atrial volume was 37 + 
12.9% of left ventricular stroke volume. Mean left atrial 
conduit volume, calculated by subtracting the change 
in left atrial volume from left ventricular stroke volume, 
was 41 + 14.0 ml or 23 + 7.9 ml/m? and represented 63% 
of the left ventricular stroke volume. 

Mean heart rate was 67 + 11.3 beats/min (range 45 
to 100). The correlation coefficient between heart rate 
and change in left atrial volume was 0.03, between heart 
rate and the ratio of the change in left atrial volume to 
left ventricular stroke volume 0.11, between heart rate 
and fractional emptying 0.21, and between heart rate 
and conduit volume 0.21. None of these correlations was 
significant. 

Discussion 

Normal values for left atrial function: Our study 

provides the normal values for left atrial function in a 


sample population by means of 2-dimensional echo- 
cardiography (Table I). The results we obtained with 


echocardiography agree with those previously obtained — 


with contrast angiography. The only exception is that 
our mean maximal left atrial volume (37 ml or 21 ml/m?) 
underestimates the means derived from angiographic 
studies, which range from 55 to 66 ml.7:8-13:16 However, 
previously reported echocardiographic determinations 
of left atrial and left ventricular volumes also underes- 
timate the values obtained by angiography.2228 
Whether the underestimation is due primarily to the 
angiographic or echocardiographic method is not 
known. The change we found in left atrial volume (24 
ml or 13.5 ml/m2) is similar to that documented in 
previous studies using contrast angiography (20 to 33 
m1l).81213 In addition, the mean fractional emptying 
value of 65% that we obtained is similar to the means 
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, which range frou 
ntrast, the value for fractional left 
emp ying obtained from radionuclide angiogra- 
, 39%,2! is in the lower end of the range of these 
t angiographic studies. For the ratio between the 
in left atrial volume and left ventricular stroke 
me, our mean echocardiographic value (37%) was 
milar to the mean contrast angiographic values which 
€ 21 to 52%,8:12-16 whereas the radionuclide 
irement of 53%?! was at the upper end of the range 
eported means. 
‘he mean value for maximal left atrial volume that 
tained is almost identical to that calculated with 
gle plane formula from 2-dimensional echocardi- 
grams?” This similarity occurred despite the echo- 
ardiograms being analyzed retrospectively and the 
ansducer not being angled to maximize the left atrial 
dimension. However, the combination of only a 1 ml 
smaller maximal left atrial volume and a 3 ml larger 
ange in left atrial volume resulted in a 10% higher 
alue for fractional emptying than in our study. The 
n for this is not apparent, but perhaps the trans- 
er angle had a greater effect on reducing left atrial 
volume and thus resulted in spuriously greater 
nges in left atrial volume. 
ues for the change in left atrial volume, the ratio 
the change in left atrial volume to left ventricular 
stroke volume, fractional emptying, and left atrial 
conduit volume did not correlate significantly with heart 
te in our sample population. However, it may be ex- 
scted that at very high heart rates, the relative con- 
n of left atrial conduit volume to left ventricular 
volume would decrease, and the ratio of the 
in left atrial volume to left ventricular stroke 
me would approach unity. 
„imitations of the method: Two-dimensional 
diography may be limited by an inability to 
adequate echocardiograms for volumetric anal- 
of the left ventricle and left atrium. Obtaining ad- 

: echocardiograms relies not only on the skill and 
ence of the technician, but also on the physical 
is of the patient, especially the anatomic relations 

e heart, lung, and chest wall. In certain subjects it 
mpossible to visualize portions of the left ven- 

r. endocardium, particularly the anterior left 

ricular wall in the 2-chamber view in diastole. To 
come this limitation, we found that when the 
takes a small breath and then stops respiration, 
terior wall is more easily visualized than it is 
en expiration. Although the left atrium is usu- 
sier to outline than the endocardium of the left 
dropout of the anterior atrial wall echoes in 
amber view may cause errors in atrial volume 
rement: 
when adequate echocardiograms are recorded, 
potential limitations are introduced because our 
od for determining both left atrial and ventricular 


s time: consuming and is based on certain ` 


nptions. Nevertheless, even in the 


h left ies ae 


In contrast to left atrial and ventricular 
which are calculated directly, left atrial condui 
can only be calculated indirectly from the d 


viously, the left atrial conduit ae 

estimated in subjects with aortic regurgita 

ventricular septal defect with a right to left s 
Because. volumetric calculations of 2 De 


overcome these limitations, aei | 
gy°°.31 may decrease the time commitment 


decae states. These variations may hes 
distinguishing pericardial constriction froi 

effusion, chronic from acute mitral regurgitatic 
dominantly mitral from predominantly aortic 
tation, and predominantly mitral stenosis fro: 
dominantly mitral regurgitation. For examp 

tients with pericardial constriction, fractional emp’ 
of the lefi atrium is less than that in pat 
pericardial effusions and in normal subjects.’ P. 
with chronic mitral regurgitation not only have 
larged left atrium but also have large changes 
atrial volumes? which correlate with the seve 
chronic regurgitation.!0 Furthermore, patient: 
chronic mitral regurgitation have a larger left a 
volume and a greater change in left atrial volume th 
do patients with acute mitral regurgitation.® In con 
to patients with mitral regurgitation, patients 
aortic regurgitation have low values for the cha 
left atrial volume relative to left: ventricular st 
volume.® Also, patients with mitral stenosis have a lowe! 
change in left atrial volume than do patients with mitre 
regurgitation.!° Calculation of left atrial function m 
not only be important in assessing pericardial and n 
and aortic valvular disease, but may also be clinic 
useful in patients with left ventricular abn 

such as left. ventricular hypertrophy, in whi 
ventricular compliance may affect. le 
emptying. | 
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entricular volume from paired biplane two-dimensional echocardi- = 


rdial Function i in Rocky Mountain Spotted Fever: 


hocardiographic Assessment 


OSÉ MARIN-GARCIA, MD and FRED F. BARRETT, MD 


e patients with Rocky Mountain spotted fever 
ent M-mode echocardiographic examination. 

ased left ventricular dimension was found in 2 

nts and decreased left ventricular shortening 

ion in 7. Diminished mean velocity of circum- 
rential fiber shortening, increased left ventricular 
ystolic time intervals ratio, and increased mitral 
alve E point to ventricular septal separation were 
found in 6 patients. One patient died and at necropsy 
diffuse myocarditis was present. Repeat echocar- 


Rocky Mountain spotted fever is a serious infectious 
ase that continues to occur in various areas of the 
ad States. Over 1,000 cases were reported to the 
er for Disease Control in 1980,! and a high case- 
ty ratio (7 to 11%) persists despite the availability 
equate chemotherapeutic agents (tetracycline and 
loramphenicol). Although data are available re- 
ling the clinical and anatomic cardiac manifesta- 
is of Rocky Mountain spotted fever,” the effect of 
disease on myocardial function has not been re- 
ed. Thus, a prospective analysis of the echocar- 
graphic findings in patients with Rocky Mountain 
tted fever was undertaken. 


‘Methods 


m 1980 to 1982, 9 consecutive, unselected children——5 
4 boys with an average age of 8.25 years (range 4 to 
admitted to a children’s hospital with clinical evi: 
‘ocky Mountain spotted fever. The criteria for di- 
vere similar to those previously reported? and are 
ented i ix Table I. 


ë Department of Pediatrics, University of Tennessee Center for 
alt Sciences and Le Bonheur Children's Medical Center, 
ee. Manuscript received May 17, 1982; revised 

Gi ne. coe August 20, 1982. 


diographic examination. was. available | n 
maining 8 patients at follow-up (mean 10 mo 
Abnormal E mitral point to ventricular sept. 
ration remained in 3 patients and dec 
ventricular shortening fraction in 2;in 1 the 
also increased left ventricular end-dia 
mension. Thus abnormal left ventricular func’ 
chamber enlargement are frequently p 
patients with Rocky Mountain spotted fever. 


One patient died and necropsy examination was perf rmi 
Clinical, electrocardiographic, and radiologie data 
ava ilable for study in each patient. M-mode echocardi¢ 
were obtained at the time of admission in each patient an 
late follow-up (mean 10 months) in 8 survivors. Normal 
trol subjects were 15 boys and 10 girls with body surface 
similar to that of the study subjects. Echocardiograms 
recorded with a Hoffrel 101 ultrasonoscope with use of 
a 3.5 or 5 MHz nonfocused transducer. Left ventricula 
diastolic dimension (LVEDD), left ventricular en 
dimension (LVESD), left ‘ventricular shortening fr: 
(LVSF), mean velocity of circumferential fiber short 
(VCF), and left ventricular preejection period to left 
tricular ejection time ratio (LPEP/LVET) were. meas 
using standard techniques.+° E mitral point to ve 
septal separation (EPSS) was measured as previousl: 
by Massie et al.6 Statistical analysis of data for E 
LVSF in the studied subjects and control group we 
contigency table analysis. Results are expressed. 
standard deviation. 


“Results 


Clinical cardiac data: Inappropriate sinus t. 
cardia for the degree of fever was present in all 
patient (Case 2) and gallop rhythm in 2 (Cases 2 
A precordial murmur (grade 2/6 holosystolic) wi 
in 3 patients (Casey 2, 6, and 8). Cardiac en 




















teria for Diagnosis of Rocky Mountain Spotted Fever _ 


“Aeute/Conval 









Serum 


























Age (yr) A “Sodium -> Platelets | <Acute/Çonval Latex Complement: 
-& Sex Clinical Tick * = > (mEq/liter) (mm?) Weil Felix Agglutination Fixation. 

+t ? 131 250,000 + _ _ 

? o: 135 500,000 i + +8 = 

0 137 200,000 + = _ 

2 128 40,000 : + + = 
+ 131 125,000 Gai 0. 

+ 126 14,000 ~ = 0 

+ 126 23,000 a: = = 0 

+ ` 300,000 = oa ee 

+ 15,000 0 = 








ck. found on patient; TE = ticks on: pet or in-environment. t Typical centripetal tash and central nervous system manifestations: 
old rise or single titer 1:320. § Four-fold rise; | Fatal case. A 
positive or present; 0 = negative or absent; ~ = not done; ? = questionable. 


LE ll Echocardiographic Findings 


LVEDD LVESD LVSF (%) VCF LPEP/LVET EPSS (mm) i 
(Normal 35.2 + 3.1) (Normal 1.36 + 0.07) (Normal 0.25 + 0.03) (Normal. 34): 
















eo BAGS: 2.2 (2. 29 (32) 1.0 ¢ 0.31(-) 

418. 3.1.3. 24 (21) 1.9401) 0.31 (0.27) 
oo 29 (2.9) 2.1.(2.0) = 27 (31) 1.1(1.3) 0,27 (0.26) 
or 4,1.(8.9) 3.1 (2.9) 24 (25) 1.0.(1.3) 0.36 (0.31) 

“3.2 (3.3) 2.6 (2.1) 18 (36) 0.78 (1.4) 0.43 (0.27) 
a on 2.6 (2.2) 23 (37) 0,93 {~} 0.26 (~) 
iN . Normal 1.6-2.6 

: Mean 2.2 

DA : 3.0: 26 1.2 0.27 

“8.2-(3.0) : 2.0: (2.0) 37 (33) 1.7 (14) 0:33 (—) 

3.5 (3.2) 2.6 (2.2) 25 (31) 1.66.3) 0.43 (0.25) 

co Normal 3.4-4:2 . Normal 2.1-2.7 

= _Mean 3.8 Mean 2.4 








F alal. case ee 
PSS = E mitral point to ventricular septal separation: LVEDD = left ventricular end-diastolic dimension; LVESD = left ventricle end-systolic. 
nsion: LVSF = left ventricle shortening fraction; LPEP/LVET = left ventricular preejection period to left ventricular ejection time ratio, VCE 


zan velocity of circumferential fiber shortening; figures in parentheses = findings at follow-up; ~ = not available. 


trophy in 1 (Case 2). Echocardiographic findings are __ 

presented i in Table II. Data on left ventricular dimen- 

sion was subdivided into 2 sections according to the 

NORMAL (nee > a body surface area. Comparison of EPSS and LVS 
Epsss 0+ 4.7 ei) shows a significant difference between study and. cont ‘ol 
RMSF (n= 9)@. subjects (Fig. 1). 
eyed (255#62) panoi In 2 cases (Patients 4 and 5) abnormal ebhotar 
graphic findings were the presenting manifestat ) 

before any clinical sign of cardiac involvement was d 
tected. In the fatal case, myocarditis in combinatic 
with diffuse vasculitis and left ventricular enlarge er 
was found at autopsy. 
Follow-up echocardiograms (Table I) reveale 
crease VSF and LVEF in Patients 2 and 4; th 
also showed residual left ventricular enlargeme 
increased LPEP/LVET ratio. Although EPSS 
creased in most patients, it was still abnormal al 
low-up in 3 patients (Cases 2, 4, and 5). 
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-Discussion : 
Rocky Mountain spotted fever is an acute, pe 
$ ed hy. 


t, and this may play: a EL Ri role 
l outcome of some cases. Although a definitive 


ologi examination of the myocardium, echocardi- 
‘al hy offers a reliable way to evaluate chamber di- 
nsions as well as myocardial performance in this 
Inappropriate sinus tachycardia for the degree 
omm finding in our cases; nevertheless, 
| LVSF, LPEP/LVET, and EPSS are 
enced: bya wide variation in heart rate. On 
ion, left ventricular enlargement was found in 2 
sand abnormal left ventricular dimension re- 
1, LVSF was reduced at initial evaluation in 
ases and remained abnormally low at late follow-up 
EPSS, a qualitative index of left ventricular ejec- 
fraction, was abnormally elevated on admission in 
ases and remained abnormal in 3. Although there has 
some controversy as to whether EPSS is inde- 
endent of left ventricular size, in our experience as well 
increased left ventricular dimension does not 
ect EPSS unless depressed left ventricular function 
also present. This variable appears to be an ade- 
dex of depressed left. ventricular ejection in- 
lent of the size of the chamber, in the absence of 

| valve stenosis or aortic valve regurgitation. 
hough quantification of left ventricular dysfunc- 
on may not influence management in Rocky Mountain 
ed fever it appears useful in identifying the patient 
h severe illness. The degree of left ventricular im- 
rment correlated with the severity of the illness in 
Patients 2. and 5. These patients had substantial 
entricular dysfunction but only mild illness with 


normal or mildly decreased serum sodium and platelet 


On the other hand, and except in patient 5, the 
ity of left ventricular dysfunction on admission 
‘ith the presence of residual abnormalities 

w-up. Patients 3, 6, and 9 had mild reduction of 
ntricular function and no abnormalities were 
at follow-up; Patients 2 and 4 presented with 


significant léft ventricular dysfunction a d 
abnormalities persisted: 

The clinical recognition of myocardial involvem 
in Rocky Mountain spotted fever may be del 
high index of suspicion is not maintained: The 
echocardiogram in Patients 4 and 5 showed ab 
left ventricular performance before any clinic 
cardiac involvement was detected. These fi 
suggest that myocardial dysfunction | m 
early in the disease and it m y require a varia 
of time to manifest itself clinically. Thus, 
examination and electrocardiography, ec 
phy might be necessary if early identificati 
cardial involvement is to be achieved. Altho gl 
patients recovered and the initial clinical man 
disappeared, residual echocardiographic abn 
suggests chronic disturbance in left ventricula 
in some cases. The long-term prognosis for th 
is unknown. In patiente with Rooky Mountai 


be rede Treatment with tetracycline orc 
phenicol must be initiated before serolo 
tion. 


E E We thank Mors R Pa 
script preparation. : ’ 
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‘mechanisms responsible for the decrease in 
exercise capacity after bed rest were assessed in 
. apparently healthy men aged 50 + 4 years who 
underwent equilibrium gated blood pool scintigraphy 
during supine and upright multistage bicycle er- 

ometry before and after 10 days of bed rest. After 
bed rest, echocardiographically measured supine 
sting left ventricular end-diastolic volume de- 
creased by 16% (p <0.05). Peak oxygen uptake 
during supine effort after bed rest was diminished 
by 6% (p = not significant [NS]), whereas peak 
oxygen uptake during upright effort declined by 
% (p <0.05). After bed rest, increases in heart 
rate were also greater during exercise in the upright 
an in the supine position (p <0.05). Values of left 


Mechanisms for Decreased Exercise Capacity After 
ed Rest i in Normal Middle-Aged Men 


SEPH HUNG, MB, BS, FRACP, DANIELLE GOLDWATER, MD, 
CTOR A. CONVERTINO, PhD, JAMES H. McKILLOP, MB, BS, PhD, 
ICHAEL L. GORIS, MD, PhD, and ROBERT F. DeBUSK, MD 


ventricular ejection fraction increased normally — 
during both supine and upright effort after bed rest 
and were higher than corresponding values before 
bed rest (p <0.05). After bed rest, increased left — 
ventricular ejection fraction and heart rate largely - 
compensated for the reduced cardiac volume during _ 
supine effort, but these mechanisms were insuffi- _ 
cient to maintain oxygen transport capacity at levels _ 
during upright effort before bed rest. These results _ 
indicate that orthostatically induced cardiac un- 
derfilling, not physical deconditioning or left ven- _ 
tricular dysfunction, is the major cause of reduced 
effort tolerance after 10 days of bed rest in normal 
middle-aged men. a 





















Bed 1 reat contributes to reduced physical working ca- 
pacity of patients after myocardial infarction. To 

develop effective strategies against bed rest decondi- 
ioning it is important to characterize those factors that 
contribute to a reduced functional capacity after pro- 
nged bed rest. We previously found in normal mid- 
dle-aged men that peak oxygen transport capacity (VO, 
ax) declined more significantly during upright than 
pine exercise after 10 days of bed rest.* This finding 
icated that orthostatic factors played an important 
in the decline in exercise capacity of these subjects 
r bed rest. Previous investigations of the effects of 
st, including the classic work of Saltin et al in 
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1968,!° have been limited to young persons aged 19 to 
25 years whose responses to bed rest may differ signif- _ 
icantly from those of older persons who are at risk for _ 
myocardial infarction: Saltin et al found a decrease in _ 
exercise stroke volume during supine as well as upright, : 
effort after bed rest.!° Because this finding could not be _ 
accounted for by orthostatic factors, these investigators _ 
suggested that prolonged bed rest adversely affects _ 
ventricular function. To evaluate this problem, we _ 
measured left ventricular function with radionuclide 
angiography i in the same normal middle-aged men 
our previous report and compared their cardiovas 
and left ventricular functional responses with up 
and supine effort before and after 10 days of hed 


Methods 


The | 12 apparently healthy male subjects of the pi 
report, aged 45 to 55 years, were previously described 
nificant abnormalities were excluded by a screening evaluat 
consisting of a detailed history, physical examination, com 
plete. blood count, urinary. analysis, chest X- ti 
electrocardiogram, “maximal el exerci: 


























renal and liver function tests. Screening exercise testing 
s performed with the patient in the upright position on a 
nark bicycle ergometer, the initial work load of 30 W in- 
reasing in 30-W increments every 3 minutes until voluntary 
hysical exhaustion. Resting 12-lead electrocardiograms were 
rmal in all 12 subjects and no chest discomfort, ischemic 
" segment depression, or significant ventricular arrhyth- 
ias were noted during or after the screening exercise test. 
The 12 subjects aged 50 + 4 years gave written informed 
nsent to participate as paid volunteers for the 15-day study. 
ject was taking medication at the time of the study. 
ot allowed to smoke during the study or within 
e the start of the study. 
study group of 12 subjects was admitted to the Clinical 
search Center of the Stanford University Hospital. During 
ay ambulatory control period, subjects underwent M- 
iode echocardiographic imaging of the heart during supine 
_ test. On the morning of the second day before bed rest, 
< subjects performed 1 supine and 1 upright maximal exercise 
_ test on a bicycle ergometer. The 2 tests were separated by a 
_ 60-minute rest period, Six subjects were randomly assigned 
_ to perform supine exercise initially and 6 performed upright 
exercise initially. The same sequence was retained during 
~ testing after bed rest. 
_ Supine and upright exercise testing consisted of 4 unin- 
rrupted stages (I, II, II, and IV [maximum]) of exercise 
proximating 20, 45, 70, and 100% of the work loads utilized 
uring the prehospital screening evaluation. Absolute work 
ads for these 4 stages were 250 + 73, 525 + 121, 835 + 135, 
and 1,156 + 194 kg/min, respectively. The same work loads, 
` which were performed before and after bed rest, were designed 
- to produce exhaustion during the 12 minutes available for 
- radionuclide imaging of left ventricular function during ex- 
ercise. - 
- Upright testing was performed on a Schwinn electrically 
braked bicycle ergometer and supine exercise testing on a 
added table with a Collins electrically braked bicycle er- 
meter. The physiologic comparability of work loads pro- 
ded by these 2 ergometers were checked by VO» measure- 
ent before bed rest in these same 12 subjects. Oxygen uptake 
eart rate were measured during the last 30 seconds of 
vork load. Heart rate was counted from an electrocar- 
phic record, Subjects used a Daniels respiratory valve 
e volume of expired gas was measured with a Parkin- 
owan high velocity low resistance meter. The composi- 
f the expired air was determined by a Beckman E2 
en analyzer and a Godard capnograph carbon dioxide 
ygen analyzer.” nee oe 
quilibrium-gated cardiac blood pool scintigraphy was also 
ormed during supine and upright exercise testing in 10 
è 12 subjects. Problems with computer acquisition pre- 
d radionuclide data collection in the other 2 subjects. In 
ed cell labeling was achieved using the method of Pavel 
; 15 mg of cold stannous pyrophosphate was injected 
nously, followed 30 minutes later by an intravenous 
f 20 to 25 mCi of technetium-99m pertechnetate. 
1a camera (Ohio Nuclear Series 120), fitted with a 
hole, high resolution collimator, was positioned 
e left chest wall for ideal separation of right and left 
les in the left anterior oblique projection. For count 
equisition, the gamma camera was interfaced with an 
rmatek Simis IV computer. Radionuclide data were col- 
d with the patient lying on the exercise table or sitting 
it at rest on the bicycle for 4 minutes and during <12 
tes of graded bicycle ergometry. 


















































































operator intervention, 


using a 
nai OSIB A 















processing was to. 





tudies were subsequently analyzed automatically, that 
Of erventi previously reported.: 





combine the data from individual minutes at rest or 
same exercise level. All subjects completed 3 minutes o 
II exercise, during which values-of heart rate averag 
of peak heart rate. Radionuclide data were omitted fo 
IV (max) effort because an insufficient percentage of su 
(58%) was able to sustain exercise for up to 3 minutes of 
peak work level both before and after bed rest. Subtra 
of noncardiac background activity was achieved by a thr 
technique.'? Motion and phase analysis and edge det 
algorithms were then used for automatic identification 
left ventricular end-diastolic region of interes 
ventricular time-activity curve was then obtained 
region and left ventricular ejection fraction was calci 
from the standard formula: Ejection fraction = (end-di 
counts ~ end-systolic counts)/end-diastolic counts 
Observer variability in the determination-of ejection 
tion was essentially removed because the studies were 
lyzed without-operator intervention. Left ventricular s 
counts (end-diastolic — end-systolic counts), being th 
correlates of stroke volume, were used to measure . 
changes in left ventricular stroke volumes from rest to 
during each study. Regional left ventricular function was 
sessed by analysis of wall motion: from static display of 
perimposed end-diastolic and end-systolic variables 



























































gional ejection fraction images. oa eee 
During the 10 days of bed rest, the subjects remai 
horizontal position continuously. M-mode echocard 
imaging of the heart was repeated in the supine p 
before the end of bed rest. On the morning of the 
bed rest, subjects repeated the same sequence of upri 
supine exercise testing that.they had undergone befor 
rest. Before performing upright exercise, subjects sa 
exercise table with their legs dangling while blood press 
and heart rate stabilized. The interval between assumpt 
of the sitting posture and the beginning of upright exe 
averaged 17 + 10 minutes. Initial orthostatic hypotens 
often observed but no subject experienced syncope be 
upright exercise. No significant complications were no 





during or after exercise testing. i i me 
Statistical analysis; The effects of test order, supi 
upright position, and bed rest were tested using an: 
variance. If significance was found, paired t testing wa 
lized for paired comparisons. Differences were conside 
significant for p values <0.05. z 



















e Results igh AA 
Test order did not have a statistically significant 
fect on values of oxygen uptake, heart rate, syst 
blood pressure, or heart rate-systolic pressure pro 
before and after bed rest. eth 
Effects of bed rest on cardiac volume: Le 
tricular end-diastolic volume measured ech: 
ographically in the supine position decreased 1 
a baseline mean value of 121 +7 ml to 100 +9 
bed rest: (p <0.05), =. me 
Effects of bed rest on oxygen uptake and ex 
hemodynamics: Values of oxygen uptake durin 
levels of submaximal and peak upright effort wer i 
nificantly lower after bed rest and the decrease in c 
gen uptake was significantly greater than during su; 
effort (p <0.05, Fig. 1). Values of oxygen uptake duri 
peak upright effort decreased by 15.1% from 
before bed rest (21.9.4 4.3 versus 25.8 + 5.2 ml, 
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HR * p< 0.05 vs 
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VO, t p< 0.05 vs 

pre BR 
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OXYGEN UPTAKE (ml/kg/min) 

“Changes | in heart rate and oxygen uptake induced by bed 

ies expressed are mean + standard error of the mean. HR = 
POST BR = after bed rest; PRE BR = before bed rest; VO» 
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maximal and peak upright effort after bed rest, heart 
were 10 to 21 beats/min higher than before bed t; Ranki i l Ei j E 
` 90 

p <0.05) (Fig. 1). In contrast, during supine effort REST STAGE | STAGE II STAGE Ill REST STAGE | STAGE II STAGE IN 

d rest, heart rates were significantly augmented FIGURE 2. Changes induced by bed rest in left ventricular ejection 
during the last submaximal and peak work levels, fraction and stroke volumne during rest and stages | to Ill of exercise. 
5 and 8 beats/min, respectively (p <0. 05). Systolic Values expressed are mean + standard error of the mean. POST BR 
lood pressures measured in either position were not = after bed rest; PRE BR = before bed rest. 
antly different after bed rest. Because of the 
¢mentation of heart rate, the rate-pressure products 
‘ing all levels of submaximal upright effort and z 
ing stage HI of supine effort were increased after bed 0.84 + 0.12 and 0.85 + 0.11 during stage HI supine and ce 
t (p <0.05). After bed rest, the rate-pressure products upright effort, respectively (Fig. 2, top). The higher | 
levels of submaximal upright effort were signifi- values of ejection fraction after bed rest were significant ; 
y higher than during submaximal supine effort (p at rest and during all levels of submaximal supine effort 


PERCENT RELATIVE CHANGE FROM REST 











D5). (p <0.01). Values of left ventricular ejection fraction in 
ffect of bed rest on left ventricular function: the upright position increased after bed rest but these 
and after bed rest values of ‘left. ventricular changes were statistically significant only at the stage 
on fraction at supine rest and during supine ex- I exercise level (p <0.05). However, values of rest and 
s were higher when the supine test was performed exercise left ventricular ejection fractions were already 


ond than when it was performed first (p <0.01). The significantly higher in the upright than supine position `; 
order did not significantly influence values of before bed rest (p <0.01). Regional contraction abnor- _ 
n fraction measured at upright rest or during malities were not observed during supine. or uprig 
right effort. effort before or after bed rest. 
Before bed rest the mean left ventricular ejection Left ventricular end-systolic volume decreased nor 
ction at rest was lower in the supine than in the up- mally (p <0.05) during supine and upright exercise 
ht position (0.58, range 0.42 to 0.72 versus 0.69, range before and after bed rest. The augmentation 0 
o 0.84, respectively [p <0.01]). In 3 subjects, values ventricular stroke volume with exercise tended t 
ventricular ejection fraction were <0.50 at supine lower after bed rest than before—especially in the up 
ubjects had values of ejection fraction >0.50 right position (Fig. 2, bottom): The increa 
ht rest and none demonstrated regional con- ventricular stroke volume at stage III effort 
ion a normalities i in either position. Left ventric- 25% and 127 + 26% of resting values during s 
ection fraction increased significantly | between upright effort, respectively, before bed rest vi 
1 stage III exercise: from 0.58 + 0.11 to 0. + 29% and 116 + E 19%, o, during ff 
<0.001) in the supine position and from 0.69 -+ bed rest (NS). 
0.05. (p <0.001) in the upright position. 
failed to show a 20. 05 increase in Section 

















Discussion 
A decrease in physical working capacity in the 


position reflects central (cardiac) and periph 
culatory and musculoskeletal) deconditioni 
herens a further decrease 


7 Cor ino VA, Bernauer EM, Greenleat JE. ( 
ing Ww eer dynamic leg exercise during 


IA, Stremel RW, Bernauer EM, Greenleaf JE. Cardiorespiratory 


pe ee sacra after bed rest in men.and women. Acta Astonautica 
ylor HL, Henschel A, Brozek J, Keys A. Effects of bed rest on-cardio- 
lar function: and -work performance. J Appl ‘Physiol 1949;2:233- 


Johnson RL, Lamb LE. Effects of mode y 
‘our weeks of bedrest on circulatory functions in man: Aerospace 
5:36: 1077-1082. ` EE har ann ee 
Blomqvist G, Mitchell JH; Johnson RL, Wiidenth Capman 
; ‘to exercise after bedrest and after training, Circulation 
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mmer AM, Patterson VN: In-vivo labeling of red blood cells 
fae now approach to blood. pool: visi 


EPA, Thomas AJ, McKillop JH. 


eed P, Wiklander DP. 


ande! f 
ing for. radionuclide angiocardiography. invest Radiol 1981; 


physical exercise. 


the left ventricular region of intere 

diovasc Intervent Radiol 198 1;4:117-123. ES Se 
44. Taylor HL, Erickson L, Henschel A, Keys A. The effect of bed rest.on blood 

volume of normal young men. Am J Physiol 1945: 144:227-232. ; 
45.: Sjostrand T; The regulation: of blood distribution in man. Acta Physiol Scand: 

1952:26:312-327. cet é i 
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circulation at rest and during exercise with special reference to the influence 
on the stroke volume. Acta Physiol Scand 1960;49:279-298. 
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ysi press. : eae aR 
19. Nelson RR, Gobel FL, Jorgensen CR, Wang K, Wang Y, Taylor HL. He- 
i mic predictors of myocardial oxygen consumption during static and >. 
dynamic exercise. Circulation: 1974:50: 1179-1189... : 
‘Gobel FL, Nordstrom LA, Nelson RR, Jorgensen CR, Wang Y; The rate- 
pressure product as an index of myocardial oxygen consumption during © 
exercise in patients with angina pectoris. Circulation 1978;57:549-556,° 





‘ardiac Performance in Thyrotoxicosis: Analysis of 10 


nti eated Patients 


DULMASSIH S. ISKANDRIAN, MD, LESLIE ROSE, MD, A-HAMID HAKKI, MD, 
z RNARD L. SEGAL, MD, and SALLY A. KANE, RN 


his study attempts to define cardiac performance 
| rest and during exercise in patients with untreated 
rotoxicosis. We studied 7 women and 3 men, 

jed 23 to 59 years (40 + 10, mean + standard 
viation [SD]) and compared the results with those 
ined in 12 normal subjects. In patients with 
otoxicosis, the rhythm was sinus and the only 
toward symptom was palpitations; the resting 
ectrocardiographic results were normal in 8 pa- 
s and showed left ventricular hypertrophy in 2 
patients; the left ventricular ejection fraction and 
mes (measured by radionuclide ventriculog- 
raphy) were normal at rest. During exercise, 1 pa- 
ient had dyspnea and 7 had leg fatigue; 2 were 
symptomatic. Also, 7 patients had >5% increase 
eft ventricular ejection fraction, 2 had no change, 

| had a decrease. In all 10 patients, the exercise 

tion fraction was >60%. All normal subjects 

a 25% increase in ejection fraction during 


id hormones have profound effects on the me- 
lism of all tissues of the body, including the heart.!2 
rotoxicosis is more common in women than in men. 

ions, dyspnea, tachycardia, and an increase in 
¢ pressure occur in approximately 30% of these 
ts. Also, many patients have an increase in the 
ndex, systolic ejection rate, coronary blood flow, 
e pressure, but a decrease in systemic vascular 
e as well as in the systolic ejection and pre- 
periods. 3-10 The cardiac changes might be 
ue toan increase in metabolic demand caused 
peripheral effects of thyroid hormones, but the 


the Likott Cardiovascular Institute and the Digéremnent of Medicine 
Inemann University, Philadelphia, Pennsyivaria. Manuscript re- 
» 14, 1982; revised manuscript received August 19, 1982, 
ugust 20, 1982.. i 

i Abdulmassih. Ss. Iskandrian, MD, ‘Likoff. Car- 


mann University, 230 North Broad Street, 


exercise. There were no significant differen 
rest between patients with thyrotoxicosis and n 
subjects in blood pressure, ejection fraction, el 
diastolic volume, stroke volume, end-systolic 
ume, or cardiac output, but the heart rate 
nificantly higher in patients with thyrotoxicosi 

+ 10 versus 80 + 12 beats/min, p <0.05 
exercise, there were no significant differenc 
tween patients with thyrotoxicosis and n 
subjects in blood pressure, end-diastolic volur 
stroke volume, end-systolic volume, or ca 
output. The exercise ejection fraction was si 
cantly lower in patients with thyrotoxicosis th 
normal subjects (68 + 10% versus 75 + 4° 
<0.05). Cardiac performance is normal at rest 
patients with thyrotoxicosis, but during exerc 
abnormal left ventricular reserve occurs in som 
patients. ; 


cardiac output has been o ed to be giedtar th: 
total body oxygen consumption, indicating some dir 
action on the heart as well. Atrial fibrillation mighi 
seen in some patients. 

The effects of thyroid hormones on the heart: are 
ther direct or indirect. The direct. effects are cor 
and may include increased synthesis of i myosin 


.as alteration of the structure of myosin, such 


new myosin has better contractile properti 
Thyroid hormones are also known to enhance 
zymatic activity of the myocardium. The indirect 

are due either to increased activity of the sympathos 
renal system or enhanced cardiac response to norm 
sympathetic stimulation. Thus, tachycardia. and t 
increase in cardiac output and contractility can be 1 


duced by beta-adrenergic blocking agents. > 


presence of low or normal ‘levels of. norepineph 
epinephrine, and. en beta hydrox ase i 


piema and urine su 































































All patier underwent symp oS 
testing on a bicycle ergometer (Quinton Instruments). The ane 
electrocardiograms (leads aVF and V5) were continuously | R 





n a Ts by RIA 





(4.5-11.5 Ratio TsU (110-190 monitored, and blood pressure was measured every 2 minutes 
ug/dl) (0.8-1.2) ng/dl) during exercise and recovery. The initial work load was 200 
kpm/min and was increased by 100 kpm/min every 2 minutes 
19.7 1.33 « 450 until the endpoints of exercise, which in these patients were =; 
12 ee dyspnea (L patient) and leg fatique (7 patients); the remaining . 
15.2 1.02 320 2 patients stopped the exercise because they achieved the 
19.4 1.25 415 target heart rate without symptoms. ; 
13.6 1.25 430 Radionuclide ventriculograms at rest and during peak ex- 0 
14.9 A aH ercise were obtained with a computerized multicrystal gamma 


camera (Baird-Atomic System-77). The left ventricular 
ejection fraction, end-diastolic volume, end-systolic volume, 
Saini thy yroxine level by radioimmunoassay (Rl A): ToU = tri- stroke volume, and cardiac output were measured according 
yronine resin sponge uptake; Ta by RIA = triiodothyronine serum to the method described previously.2*> Previous studies from | ~ 
as radioimmunoassay. Normal levels are given in parentheses. this laboratory have shown excellent correlation between left < 
ventricular ejection fraction, end-diastolic volume, and end- 
systolic volume measured with radionuclide ventriculography |. 
compared with similar measurements obtained by contrast: 
we angiography.?* ao 
pi athoadr enal system is probably not altered in The results in the study patients were compared with those o 
se patients.!7 obtained in 12 normal subjects who were evaluated for non- 
an specific chest pain and were found, upon cardiac catheter- 
date, little has been reported concerning cardiac ization, to have normal resting hemodynamics, normal left 
yrmance in patieris with hyperthyroidism, espe- ventriculograms, and normal coronary angiograms. The age 
during exercise. ‘ iis study tne m range in the normal subjects was 25 to 45 years (mean + SD 
rmance at. rest and during upright exercise in 1 38 + 7). i 
ents with untreated thyrotoxicosis. Statistical analysis: The paired Student’s ¢ test was used 
to compare differences in individual measurements at rest and 
Methods during exercise in each group. Significance of differences be- 


ratient population: The patient population consisted of tween the groups was obtained using the unpaired t test. A 
omen and 3 men aged 23 to 59 years (mean + SD 40 + 10). probability value of <0.05 was considered significant. 
e diagnosis of Graves disease with hyperthyroidism was Results 

irmed by appropriate laboratory tests (Table I). The , ae . B 
ation of symptoms was 3 to 6 months in all patients. No Normal subjects: The ejection fraction at rest was 


ent had noticeable weight loss. The rhythm was normal normal and increased during exercise by at least 5% in 
s in all patients. The only symptom in these patients was all subjects. During exercise, there was a significant, oe 
alpitations. Four patients (Patients 5, 6, 9, and 10) had been increase in heart rate, systolic blood pressure, stroke 
ag small doses of propranolol (10 mg 4 times daily) for volume, and cardiac output, but no significant change _ 
nce diy = rh Tan oua a — the in diastolic blood pressure, end-diastolic volume, or 
reise studies. No pal ient had a known history of heart euetnlic y i 4 $ : ae 
ease, specifically angina pectoris or dyspnea. The electro- end systolic volume (Table I) : The end systolic volume ae 
in some.normal subjects during exercise was greater. 


ographic results were normal in 8 patients but showed k ; ee 
entricular hypertrophy in 2. The criteria for left ven- than the end-systolic volume at rest. However, in these 


lar hypertrophy were those of Romhilt and Estes?! and patients, the increase in end-diastolic volume was — 
based upon a “point score” system. A minimal score of greater during exercise, resulting in.a higher strok 
nts was needed to define left ventricular hypertrophy. volume and ejection fraction. 




























E " Data in Normal Subjects and Patients with Thyrotoxicosis 





p Value: . 
Normal Subjects Patients With Thyrotoxicosis NL Versus P 











p Value R 

















































80 + 12 <0.001 91+ 10 160 + 16 <0.001 <0. 05: 
122 + 20 125 + 15 
82+ 11 75 + 13 
6246 61+ 10 
153 + 25 150 + 49 
> §8 & 18 59 + 26 
95 t 14 90 + 26 
T7 41.1 7.742 


1.78 + 0.13 


jac output (erin OBE = diastolic blood 
7 Ex SHR = heart r 








1.97 40.16 _ 


rotoxicosis 





Medi- 
cation 





120/55 
170/65 | 
140/70 | 
160/70 
150/90 | 
2007/110: 
110/80. 
170/70 
110/65. | 
160/70 
130/70. > 
160/70 © 
110/90 > 
150/90 © 
120/85 
155/85 
P 140/90 
180/90 - 
“10 P 125/80 | 
: 185/90 


"Volumes at rest were not measured in this patient. BP = blood pressure (systolic and diastolic in mm Hg); BSA = body surface 

cardiac output (liters/min); ECG = electrocardiogram; EDV = end-diastolic volume.(ml); EF = left ventricular ejection fraction; ESV = end- 
volume (mi); Ex = exercise; HR = heart rate (beat/min); LVH = left ventricular hypertrophy; NL = normal; P = propranolol; Pt = patient: R 
SV = stroke volume (ml); ~.. = none. : 





tients with thyrotoxicosis: Resting sinus pressure, end-diastolic volume, end-systolic vol 
chycardia, as expected, was common. The systolic and stroke volume, or exercise duration. The ejection 
astolic blood pressure values were normal in all pa- tion during exercise was significantly higher in no 
tients. The resting left ventricular ejection fraction and subjects than in those with thyrotoxicosis (p < 
lumes were also normal. Four patients had high (Table I). ens 
sting cardiac output levels (cardiac index 24.5 li- ' ie 
ters/min/m); in the remaining patients the cardiac Discussion D 
output was normal (Table IH). Our study is the first to describe changes in 
During exercise, 7 patients had leg fatigue; 2 had no ventricular function and volume during exer 
toms (Patients 8 and 10); Patient 9 had dyspnea. tients with untreated thyrotoxicosis. Our re 
ercise electrocardiographic results were normal cate that some patients have an abnorm 
Il patients. fraction response to exercise, as defined by 
eft ventricular ejection fraction during exercise increase the ejection fraction from rest to exe 
jormal (260%) in all patients. Seven patients had least 5% or by an actual decrease in ejection f 
% increase in ejection fraction with exercise. In 2 during exercise. This incidence of abnormal | 
, there was no change in ejection fraction with tricular response to exercise is much lower tha 
e (Patients 2 and 7); 1 patient (Case 8) had a reported by Shafer and Bianco.2° These inves ga 
rease in ejection fraction with exercise. As a group, found that the ejection fraction response to exer 
re were no significant changes in the end-diastolic abnormal in 7 of the 8 patients with thyrotoxicosi 
d-systolic volumes during exercise. Four patients reasons for the differences between our results an 
n increase in end-systolic volume with exercise of Shafer and Bianco are unclear, but several n 
nts 2,4, 7, and 8). Three of the 4 patients also nisms can be postulated. First, all patients stud 
d either no change or a decrease in ejection frac- Shafer and Bianco were men; this is unus 
ith exercise; in the remaining patient, the ejection thyrotoxicosis is more common in women, and the 
on increased with exercise (Table II). underlying heart disease in these patients ca 
relation between normal subjects and pa- excluded with certainty. 
with thyrotoxicosis: At rest, there were no Second, it is possible that the degree of thyro 
ificant differences between the normal subjects and of our patients differs from those of the other 
ents with thyrotoxicosis in systolic blood pressure, gators’ patients; this possibility, however, is ex 
tolic blood pressure, ejection fraction, end-diastolic unlikely, since the serum levels of T, were not 
cantly different in the 2 sets of patients. Furth 
heart rate at rest was significantly higher the mean resting heart rate was almost identi 
ith thyrotoxicosis (p <0.05) (Table II). one eee : 
during exe 
- tolic blood 





















































te was higher in our study, and so the double 
duct should not differ in the 2 studies. 

urth, the method of study was different in the 2 
- patients and measured ejection fraction by the 
] equilibrium technique; we used upright exercise 
ur patients and measured ejection fraction by the 
-pass method with a computerized. multicrystal 


nally, measurements of left-ventricular volumes 
t reported by the other investigators; our results 
wn in Tables II and II. 

ur study, there was no significant change in end- 
tolic and end-systolic volumes during exercise. Four 
it 10 patients (including the 3 who had abnormal 
n fraction responses) had increases in the end- 
lic volume with exercise. We previously showed 
ta slight increase in the end-systolic volume during 
rcise may occur even in normal subjects.*! In these 
cts, however, the end-diastolic volume increases 
teater extent during exercise, resulting in a higher 
ke volume and ejection fraction. Our study also 
onstrated no significant differences at rest in pa- 
with thyrotoxicosis and normal subjects in sys- 





oke volume, or cardiac output, whereas the resting 
otoxicosis. 


ferences between patients with thyrotoxicosis and 
al subjects in heart rate, blood pressure, end-dia- 
lic volume, end-systolic volume, stroke volume, and 
ac output, but the ejection fraction was lower in 
nts with thyrotoxicosis. The cardiac index was 
er than 4.5 liters/m/m? in 5 of the 10 patients with 
toxicosis, but this finding was also seen in many 
our normal subjects. 








than in our study. However, the exercise - 


es. Schafer and Bianco used supine exercise for 


blood pressure, diastolic blood pressure, ejection — 
action, end-diastolic volume, end-systolic volume, 


eart rate, as expected, was higher in patients with- 


imilarly, during exercise, there were no significant ` 
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Nhat is Rheumatology: A Primary Care 
\pproach? 
* a succinct (approx. 450 pp.) yet comprehensive presentation of 
_ the latest techniques in diagnosis and therapeutic interventions 
f t use to the primary care physician 
ctical "how-to" desk reference to a difficult but common 
sé affecting over 35 million patients in the U.S. alone 
gant to be used regularly, not-read once and stored 
a library shelf 
ary care physicians’ answer to the huge, weighty 
n Rheumatology which offer too little on diagnosis and 
reatment and too much on etiology and mechanisms of disease 


Rheumatology: A Primary Care Approach 
is Not 


research monograph filled with esoteric information of little 
use to the practicing primary care physician 
difficult to follow, badly organized. reference tool requiring a 
jorough knowledge of the subject matter before it can be us- 
_ ed effectively 
massive and.verbose dissertation more useful as a door stop 
n a clinical reference 


ow of no other book on rheumatic disease which covers 
ct as exhaustively in terms of diagnosis and treatment 
e avoiding wasting the busy practitioner's time by including 
nation of little interest to the primary care physician. This 
mphasizes that information necessary to recognize basic 
ase processes and their natural history. It provides the 
e with the information necessary for making a diagnosis 
iating a plan of treatment. Information on differential 
rom the point of view of characteristics which would 
(a given diagnosis is also provided. It is especially 
ng on the interpretation of rheumatologic radiology and in 
ipproach to joint examination and assessment of lab results. 
tic disease cannot be cured but proper intervention can 
ind sometimes eliminate the attendant disability. This 
jvides you with the means to diagnose, assess and 
urself the necessary intervention, 


Preface: 


15 million individuals in the United States suffer 
hritis, and there are only 3,000 physicians practicing 
ology. It is evident that the majority of patients receive 

care from the nonrheumatologist, i.e., the internist, 
stitioner, pediatrician and other. disciplines in 
erefore, we require concise and authoritative 


. Bruce Rothschild has skillfully structured a text 
particular and ‘immediate needs of the practi- 
„isan important contribution to continuing 
the cli 


of our medical schools. We have long needed this type of ap- 
proach to primary care of patients. with musculoskeletal disea 
and we are indebted to the author for his accomplishmen j. 
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An international program committee organized this symposium 
on a strictly competitive abstract basis. It was held less than six 
months ago. One-hundred-eighty abstracts were submitted and 
45 in. 8 categories were accepted. Virtually every major car- 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was represented. 
Nowhere will you find between two covers as much current in- 
formation on the field of cardiac valves. 

Almost 20 years have gone by since the first reports of 
homograft valve replacement by Drs. Donald Ross and Brian 
Barratt-Boyes and almost 10 years since the first reports began to 
appear about commercially available, quality-controlled porcine 
bioprosthetic and bovine pericardial valves. This book brings 
you completely up-to-date on what has happened since and what 
is happening today, 

lf your interests include the clinical, pathological and bio- 
engineering aspects of cardiac bioprostheses then this book is a 
must buy! It should not be missing from your own professional 
library. 


Who are the editors? 


» Lawrence H. Cohn, MD, is Professor of Surgery, Harvard 


Medical School, and Cardiothoracic Surgeon, Brigham and 
Womens’ Hospital. He is the author of Modern Techniques in 
Surgery and co-author of the new annual, Cardiology, now 
available in its second issue, Cardiology 1982. 


Vincenzo Gallucci, MD, is Professor of Cardiovascular Surgery, 
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airtight case for NITROSTAT. Please see preceding page for a brief summary of prescribing information. 
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_ pulmonary hypertension: 6) congestive heart fadure (see WARNINGS) unless Ris sec 
dary toatachyarhyihmia treatable with propranolol; 7) in patients on adrenergic- 
sug menting psychotrope drugs {including MAO inhibitors), and during the wowrek 
drawal porog from such drugs 
WARNINGS 

ARDIAC FAILURE. | n congestive heart failure. imbibition with bete-bleckade carries Ihe 
eptial hazard of further depressing myocardial contractiily and precipitating cardiac 
fate. ih patients already receiving. digitalis, propranolol may reduce the positive inotropic 
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N PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation ot 
gina. and, in some cases, myocardial infarction following abrupt discontinuation of 
DERAL therapy Therefore; when discontinuance of INDERAL ts planned the dosage 
wuld be gradually reduced and the patient carefully monitored. in addition, when 

INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
efruption or Cessation of therapy without the physician's advice, HINDERAL therapy 
interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
OERAL therapy and take other measures appropriate for the management of unsta- 
le angina pectoris: Since coronary artery disease may be unrecog ized, n may be 
rudent to follow Ihe above advice in patients considered at risk of having occul ath 
rosclerotiohean disease. who-are given propranolol tor other indicabons 
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Paper Accepted/Abstract Rejected or Vice Versa: Differences 4 
In the Grading of Abstracts and the Reviewing of Manuscripts 


Through the years | often have been amazed that an ab- 
stract | considered excellent was rejected, and yet when 
the subject of that abstract was submitted later in manu- 
script form, it was rapidly accepted. The grading of ab- 
stracts and the reviewing of manuscripts are 2 entirely 
different processes. 
| have had the privilege of serving on program com- 
mittees of both The American Heart Association and The 
American College of Cardiology, and this responsibility 
included grading abstracts for presentation at the annual 
scientific sessions. An abstract from either society is 
graded similarly—by a score of 0 to 10, with a 10 repre- 
senting the highest quality. Each abstract is graded by 
about 7 to 10 reviewers, and the final grade given is the 
average of the multiple grades. The most common grade 
given is a 7; very few abstracts receive grades <5. The 
average grade of abstracts accepted for presentation— 
either from the podium or by poster—is about 7.7. If the 
grader happens to be an author of an abstract, he or she 
is instructed to use the letter P for ‘‘prejudiced,”’ and if the 
grader is ‘‘unqualified’’—that is, does not have sufficient 
knowledge of the subject of the abstract—the letter X is 
_used. Although a single line is provided for it, no expla- 
nation or justification for the grade is required. On one 
program committee of which | was a member, 50% of the 
abstracts were graded 1 by one committee member, 
whereas another member on the same committee regis- 
tered a 7 or 8 on all abstracts he graded. Few graders give 
many 10’s, and some rarely give a 9. Of course, the most 
useful grader is the one who clearly differentiates the good 
abstracts from the bad ones. In the 1960s, only the 
members of the program committee graded the abstracts 
for 1 of the 2 national cardiology societies, and that meant 
that each member graded a ‘arge number—about 300. 
During recent years both organizations have used non- 
committee member experts as graders, so that no grader 
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is asked to review more than about 100 abstracts; the 
period of time allowed, however, remains short—about 
2 weeks. E 

In contrast, when a reviewer recommends to an editor A 
that he or she accept or reject a manuscript, that recom- 4 
mendation must be substantiated by criticisms or the lack — A 
of them. Although one could argue that because abstracts 7 
have far more graders than manuscripts have reviewers, wA 
the selection process for abstracts is a just one. I have no — | 
constructive suggestions for how to improve the abstract 
grading process. My enthusiasm, however, for abstracts 4 
is far weaker than that for manuscripts; in fact, my en- s$ 
thusiasm is roughly proportional to the amount of space 
occupied by a published abstract compared with that oc- 
cupied by an average published manuscript. i 

Several years ago 3 of my abstracts were rejected for E 
presentation at the annual meeting of one of the 2 cardi- Ki) 
ology societies, and all 3 were accepted without change — l 
of a single word for the annual meeting of the other society. _ 
| have about reached the point where for me abstracts A | 
simply provide a specified date for submission of an in- a 
vestigation, whereas original manuscripts have no deadline — E a 
for submission. 

An abstract should be viewed as a preliminary report — 
on an investigation. (Incidentally, the use of abstracts as 
references should be avoided, except in unusual circum- A 
stances.) Thus, give me the manuscript—this is the finat A 
forum. del 


Pa 


William C. Roberts, MD 
Editor-in-Chief 
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State of the Heart A-V Sequential Pacing. 


Introducing the most flexible A-V Sequential Pacemaker. 

Small. 

Physiologically sized and shaped for maximum 
patient comfort. Byrel-SX™ weighs just 52 grams. 

Smart. 

The most programmable A-V sequential pacemaker. 
Byrel-SX™ is a non-committed system, and features 
Ventricular Safety Pacing to provide: 

=» Programmable A-V Intervals 

a Ventricular inhibition 

Friendly. 

Byrel™ brand pacemakers have long been known 
for their dependability, reliability, ease of programming, 
and ease of follow-up. 


These are Medtronic differences physicians recognize 
and need. 


The new Byrel-SX”, leading the way in A-V Sequential 
pacing. For further information call toll free 1-800-328-2518. 


Medtronic ® 


Discover the Difference 
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Asynchronous Asynchronous 


as programmed 
Voltage . 22V 
Magnet rate 78 bpm 


VVI at 65 bpm 
ROV 


Model 8993-8X universal A-V pulse generator has a wide range of 
plication in patients requiring permanent cardiac pacing or to protect 
st arrhythmias related to the sequence of cardiac impulse propaga- 


A-V sequential (DVI). mode, the Model 5993-8X has application in 
‘ollowing: 
Sick Sinus Syndrome (sinus brady-cardia, sinus arrest, 8-A block, and 
the brady-tachy syndrome), 
A-V nodal reentrant tachycardias. (Short A-V interval settings may be 
useful in. controlling reentrant tachy-cardias. ) 
‘Atrial and ventricular ectopic arrhythmias. 
any time, the Model 5993-8X can be programmed to the VVI mode in 
hich case the device functions as a ventricular inhibited pulse generator. 
a mode is intended primarily as a backup mode in situations where it is 
recessary to disable the atrial circuitry (¢.¢., atrial lead malfunction). 


OTE: The Medtronic* Model §993-SX A-V pulse generator is under clinical 
vestigation, The procedures for. using this pulse generator, as well as its 
afety and efficacy, will be evaluated during this investigational study 
cording to the Clinical Investigation Protocol. Therefore, the “Intended 
e" section is based on Medtronic’s experience with other physiologic 
ise generators. No claims for safety and efficacy can be made for the 
Model 5993-SX pulse generator during its clinical investigation. Patients 
should be advised that the Model 5903-SX generator is under.clinical 
investigation. 


ONTRAINDICATIONS 
There ara no known contraindications to the use of pacing as à therapeutic 
modality for control of heart rate. The patient's age and medical condition, 
owever may dictate the particular pacing system, mode of operation, and 
plantation procedure used by the physician. In the DVI mode, atrial 
ing is ineffective in the presence of chronic atrial fibrillation of flutter. 


athermy should not be used.on patients with pacemakers because of 
possible heating effects in the pulse generator and at the implant site. 
lectrosurgical units should never be used in. the vicinity of unipolar pulse 
isnerators because of danger of introducing fibrillatory gurrents into the 
art via ‘the implanted pulse generator/ lead. Pulse generators may be 
damaged by defibrillatory discharges if the paddles are placed over the 
pisnted pulse generator. 
iositioning a magnet orthe programmer over the pulse generator makes it. 
bject to programming. Do not use electrocautery, diathermy, or any other 
urce of electromagnetic interference in the vicinity of the patient once a 
magnet or programmer has been positioned over the pe generator. 


ECAUTIONS 
physician should be aware that all pulse generators will ultimately 
e to function due to cell depletion, and may fail at any time due to 
dom component or battery failures which cannot be predicted prior to 
lure, Algo that the pacing system may cease to function at any time due 
| lead-related problems such as displacement, fracture, fibrotic tissue 
formation, elevated thresholds and medical complications,andthat proper 
eration may be affected by electrical interference from certain electrical 


dy. Aejection phenomena, including local tissue reaction, muscle and 
erve stimulation, infection, erosion of pulse generator/laad through skin, 
evenous leao-relstad thrombosis, embolism and cardiac tamponade, 


AV Sequential Ventricular Demand 


DVI V¥I 


-For more information, write: 
Physician Information Services 
“Medtronic, Inc, 

Business.and Technology Centers. 
PO. Box.) 483: ; 
‘Minneapolis, MN. 55440. aie 
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Two added 
strengths 
for ease 

of titration. 





The new 5 cm? size. 

Nitro-Dur™ (nitroglycerin) is the only transdermal 
nitroglycerin with four dosage strengths—5, 10, 15 and 
20 cm? (approximately 2.5 mg, 5 mg, 7.5 mg and 10 mg 
released in 24 hours), permitting titration in increments 
of 5 cm?. This gives Nitro-Dur greater dosage flexibility 
than any other form of transdermal nitroglycerin. 

Nitro-Dur also has a sophisticated product design 
which includes a wide, microporous adhesive strip. 
The strip insures firm matrix-to-skin contact and helps 
keep the system sealed and in place. 

Greater dosage flexibility and better adhesion. Two 
reasons why Nitro-Dur is the most widely prescribed 
transdermal nitroglycerin system. 


Nitro-Dur 


(nitroglycerin) 


Transdermal Infusion System 


The most widely prescribed 
transdermal nitroglycerin system. 


Please see next page for a summary of prescribing information 


DESCRIPTION: The Nitro-Dur Transdermal Infusion Sys- 
lem contains nitroglycerin in a gel-like matrix composed 
of glycerin, water (purified), lactose, polyvinyl alcohol, 
< povidone and sodium citrate to provide a continuous 
source of the active ingredient. Nitro-Dur is available 
in dosage sizes Sem?, 10cm2, 15cm? and 20cm?, 
Containing 26 mg, 5t.mg, 77 mg and 104. mg of 
litroglycerin, respectively, thereby providing precise 
dosing levels of nitroglycerin. Nitro-Dur has a rated 
plese in vivo of approximately 0.5mg/cm?/24 hours. 
| unit is sealed in a polyester-foil-polyethylene lami- 
ate. The bandage portion consists of a medical grade 
jon-woven, heat sealable, microporous tape. . 
LINICAL PHARMACOLOGY: When the Nitro-Dur sys- 
tem is applied to the skin, nitroglycerin is absorbed 
continuously. through the skin into the systemic circula- 
tion. This results in active drug reaching the target 
Organs (heart, extremities) before deactivation by the 
ver. Nitroglycerin is a smooth muscle relaxant with 

_ Vascular effects manifested predominantly by venous 
- dilation and pooling. The major beneficial effect of 

nitroglycerin in.angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to vascular smooth 
muscle relaxation with resultant reduction in cardiac 
preload and afterload. In recent years there has been an 
“Increasing recognition of a direct vasodilator effect of 
nitroglycerin on the coronary vessels. i 

In bioavailability studies," transdermal-absorption of 
nitroglycerin from the gel-like matrix achieved stead 

__ State venous plasma levels comparable to that of sub- 

lingual nitroglycerin. and maintained these levels for 24 
hours. Therapeutic effect is achieved within 30 minutes 
after application of the unit, and persists about 30 

: -minutes after removal of the unit. 

_INDICATIONS AND USAGE: Prevention and treatment of 

-angina pectoris due to coronary artery disease. 
CONTRAINDICATIONS: intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 

“orincreased intracranial pressure. 

WARNINGS: The Nitro-Dur system should be used under 
careful clinical and/or hemodynamic monitoring in pa- 
tients with acute myocardial infarction or congestive 
heart failure. : 

: = in terminating.treatment of angina patients, both the 

-dosage and frequency of application must be gradually 
_Teduced over a period of 4 to 6 weeks in order to prevent 
-Sudden withdrawal reactions, which-are characteristic of 

-< allvasodilators in the nitroglycerin class. ~ 
"PRECAUTIONS: Symptoms of hypotension, such as 

faintness, weakness or dizziness, pärticulariy orthostatic 
hypotension, may be due to overdosage. If during the 

“course of treatment these symptoms occur, the dosage 
“should be reduced, 
+. Nitro-Dur is not intended for use in the treatment of 
‘acute anginal attacks. For this purpose, occasional use 

of sublingual nitroglycerin: may be necessary. 

ADVERSE REACTIONS: Transient headache is the most 
common side effect, specially when higher doses of the 

_) drug are administered. Headaches should be treated with 

“mild analgesics while continuing Nitro-Dur therapy. If head- 
ache persists, the Nitro-Dur dosage should be reduced. 
`- Adverse reactions reported less frequently include 
hypotension, increased heart rate, faintness, Tushing, 

- dizziness, nausea, vomiting, and dermatitis. Except for 
dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 

tro-Dur dosage should be reduced or use of the 
product discontinued 

HOW SUPPLIED: Nitro-Dur Transdermal Infusion System, 

2, 10cm?, 15cm? and 20cm?, is available in unit 

‘dose packages of 28. 

CAUTION: Federal law prohibits dispensing without a 
prescription. 

PATIENT INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each unit dose package. 


For complete prescribing information, please see 
package insert. 


‘Data on file: Key Pharmaceuticals, inc. 1082 











Cardiac 


_ Bioprostheses 


Proceedings of the Second International Symposium 
Rome, Italy, May 17-19, 1982 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci MD | 
ISBN 0-914316-34-6, 609 pp., Illus., Nov. 1982., $65.00 aI ue 
An international program committee organized this symposium. ; 
on.a.strictly competitive abstract basis. It was held less than six“ 
months ago. One-hundred-eighty abstracts. were submitted and 

45 in 8 categories. were accepted. Virtually every major car- 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was represented. 
Nowhere will you find between two covers as much current in- 
formation on the field of cardiac valves. 


Almost 20 years have gone by since the first reports of 
homograft valve replacement by Drs. Donald Ross and Brian ; 
Barratt-Boyes and almost 10 years since the first reports began to 
appear about commercially available, quality-controlled porcine: 
bioprosthetic and bovine pericardial valves. This book brings 
you completely up-to-date on what has happened since and what 
is. happening today. A 
If your interests include the clinical, pathological and bio- < 
engineering aspects of cardiac bioprostheses then this book isa 
must buy! It should not be missing from your own professional 
library. í 


Who are the editors? 


Lawrence H. Cohn, MD, is Professor of Surgery, Harvard 
Medical School, and Cardiothoracic Surgeon, Brigham and 
Womens’ Hospital. He is the author of Modern Techniques in 
Surgery and co-author of the new annual, Cardiology, now > 
available in its. second issue, Cardiology 1982. : 
Vincenzo Gallucci, MD, is Professor of Cardiovascular Surgery, 
Departments of Cardiovascular Surgery and Cardiology, Univer- 
sity of Padova Medical School, Padova, Italy. 
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ING © Section 8 LONG-TERM FOLLOW-UP * Section 9 SUM- 
MING UP * AUTHOR INDEX * SUBJECT INDEX Bie 
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R ARY HEART DISEASE 


ect of Coronary Artery Bypass Grafting on Subsequent Hospitalization 


~ WILLIAM M. HAMILTON, KARL E. HAMMERMEISTER, TIMOTHY Ae DeROUEN, MAY S. ZIA, and 
HAROLD T. DODGE 


Rates of hospitalization during follow-up for a matched par Cohort of medically and surgically treated patients. 
‘were compared. There was a 26% reduction in cardiovascular hospitalizations in the surgically compared wit 
“the medically treated patients, due to a significant reduction in hospitalization rates for myocardial infarction and 

other cardiovascular reasons. There was no significant difference between. the 2 treatment groups in hospitali- 

zation rates for chest pain not due to myocardial infarction or for myocardial infarction including: perioperative - 
infarctions. Acute myocardial infarction accounted for only 8% of all cardiovascular. hospitalizations and y wa: 
not related to the number of stenotic vessels in medically treated patients. ee 


Can Noninvasive Exercise Test Criteria Identify Patients With Left Maln or 3-Vessel Coronary Disease 
Alor a First Myocardial Infarction? 


z RANDOLPH E. PATTERSON, STEVEN F. HOROWITZ, CALVIN ENG, JOSE MELLER, 
. STANLEY J. GOLDSMITH, AUGUSTO D: PICHARD, DORIS A. HALGASH, MICHAEL V. HERMAN, and 
RICHARD GORLIN 


_ This study attempts to determine whether exercise treadmill testing with clinical, diodirocersiagiaphic, and tha 
-> llum-201 myocardial perfusion imaging data can identify which patients have left main or 3-vessel (anatomical y 
~ high risk) coronary disease after their first myocardial infarction. A thallium defect outside the vascular distribu 
tion of the infarct was the most reliable criterion for distinguishing anatomically high risk coronary disease. Fai 
_. ure to. achieve 85% of predicted exercise heart rate was a useful criterion in patients not taking propranolol. Ex 
~ ercise electrocardiography could not distinguish anatomically high risk coronary disease after infarction. Cardiac. 
ge catheterization i is not required to exclude 3-vessel or left main coronary disease after infarction in patients wih 
<o> (1pabsence of thallium-201 defects outside the vascular distribution of the infarction, and (2) 85 % of the predic 
$ ed i peak exercise heart rate. 


373 Peary Muscle Rupture Complicating Acute Myocardial Infarction: Analysis of 17 Patients 


RICK A. NISHIMURA, HARTZELL V. SCHAFF, CLARENCE SHUB, BERNARD d. GERSH, 
LIAN D. EDWARDS, and ABDUL J. TAJIK 


_ Papillary muscle rupture is a rare but life-threatening complication of acute myocardial infarction. The record 
“of 17 patients with this diagnosis were reviewed; 9 patients had the diagnosis confirmed at autopsy, and 8 under. 
-went operation after papillary muscle rupture had been diagnosed. The site of myocardial infarction was infero 
lateral in 15 and anterior in 2; a mean of 6 days elapsed after myocardial infarction before rupture occurred. Fiv 
Of 11-patients with pulmonary congestion alone died suddenly after stabilization; 5 of 6 patients with: pulmonary 
“congestion and hypotension died. Single-vessel coronary artery disease was present in 7 of 14 patients; autops 
evaluation revealed a small subendocardial myocardial infarction in half of the patients. The unpredictable. c 
Cal deterioration and the limited extent of coronary atherosclerosis suggest that early surgical intervent 
; should be undertaken for papillary muscle rupture after apun myocardial infarction. 


378 | “Comparative Rates of Resolution of QRS Changes After [ Cperative and Nonoperative Acute 
he « Mepeeralal Infarcts 


k DAVID E: ALBERT, ROBERT M. CALIFF, DAVID A. LeCOCQ, RAY A. McKINNIS, 
RAYMOND E. IDEKER, and GALEN S. WAGNER 


r In this study a ORS scoring system which estimates myocardial infarct size was used to compare: the evolution 
-ofthe electrocardiogram i in patients after operative and nonoperative myocardial infarction. Both groups: howe: 
similar peak QRS scores during the acute phase. However, QRS scores decreased more rapidly in the ol 
i than in the nonoperative group over the subsequent 2 months: pe versus s 19%). After this period the 


Continued on Page arr 





LOOKING 
BENEATH THE 
SURFACE... 


may reveal the cause 
of his hypertension... 





In their study of the humòôral mechanisms in- 
volved in hypertension, researchers are focus- 
ing not only on the kidneys and adrenal glands 
büt on other glandular bodies as well. 


Recently, a new aldosterone-stimulating 
factor (ASF) has been isolated from normal 
human urine * Through immunofluorescence, 
ASFa glycoprotein with a number of similari- 
ties to ACTH and'añgiotensin ll—has been 
traced to the pituitary gland. By helping to 
räise plasma,levels of aldosterone, which in 
turn leads to-increased renal sodium retention, 
ASF presumably contributes to hypertension. 
The importance of its role must still be deter- 
mined—and eventuGlly will be, as researchers 
continue to look “beneath the surface.’ 


*Sen’S'et al: Hypertension 3{Suppl 1):81-86, May-Jun 1981. 
By permission of the American Heart Association, Inc. 
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as well as the cause of his 
excessive anxiety 


When the hypertensive patient also has anxiety 
which may cause him to resist, or even ignore, his 
medical regimen, discreet probing often provides 
sufficient information about possible underlying 
causes to help you deal with the situation. At 
times, however, neither counseling nor reassurance 
seems to work. The patient remains tense, appre- 
hensive and—perhaps most damaging of all— 
noncompliant. 

In such cases, adjunctive Valium (diazepam/ 
Roche) can be distinctly helpful. Valium works 
promptly and dependably to relieve the excessive 
anxiety that patients may have because of their 
concern over their organic illnesses. Typically, initial 
calming occurs within hours—more sustained, deci- 
sive relief of anxiety symptoms in just a few days. 
With his intense anxiety under control, the hyperten- 
sive patient may be better able to cope with his 
problems and to tolerate the demands of his treat- 
ment program. 

Another important advantage: Valium has been 
used with most primary cardiac medications, includ- 
ing cardiac glycosides, diuretics and vasodilators. 
Side effects more serious than drowsiness, fatigue 
and ataxia are rare and seldom severe. Patients 
should, of course, be cautioned against drinking 
alcoholic beverages or driving while taking Valium. 
Periodic reassessment of the need for psychotropic 
medication is also recommended. 


VALIUM . 


diazeoam/Roche 


2-mg, 5-mg, 10-mg scored tablets 


A primary choice for anxiety 
associated with hypertension 






Please see summary of product information on the next page. 
® 





|- Retore prescribing, please consult complete prod: 


oo aetinformation, a summary of which follows: 

ni Indications: Management of anxiety disorders, or short: 
“term relief of symptoms of anxiety, Anxiety or tension asso- 

dicted with the stress of everyday fife usually does not 


require Heatment with an anxiolytic. Symptomatic relief ot 


acute agitation, tremor, delirium tremens and hallucinosis 
fo.acute aicahol withdrawal; adjunctively inskeletal 
muscle spasm due to reflex spasm to local pathology: 
spasticity caused by upper motor neuron disorders; 
athetosi ee syndrome, convulsive disorders (not 
y). f ; oe 
The effectiveness of Valium in long-term use, thatis. more 
“than 4 months, has hot been assessed by systematic clin- 
cal studies. The physician should periodically reassess the 
usefulness. of the drug tor the individual patient: 
‘Contralndicated: Known hypersensitivity to the drug. 
Children under 4 months of age. Acute narrow angle 
“glaucoma, may be used in patients with open angle 
“glaucoma who ate receiving appropriate therapy. 
nings: Not of value'in psychotic patients, Caution 
inst hazardous occupations requiring complete mer 


2 el alertness, When used adjurictively in. convulsive disor- 


| der, possibility of increase in frequency and/or severity 
of grand mal seizures. may require increased dosage of 
standard anticonvulsant medication; obup! withdrawal 
may. be associated with temporary increase in frequency. 
and/or severity of seizures: Advise agains! simultaneous 
ingestion of dicoho! and other CNS depressants. With: 
drawal symptoms simitarto those with barbiturates and 
alconol have been observed with abrupt discontinua- 
tion, usually limited to extended use and excessive doses: 

So infrequently, milder withdrawal symptoms have been 
> fepoded following abrupt discontinuation of benzodiaze- 

pines afer continuous use, ally at higher herapeu- 


“Nic levels, for at least several months. After extended ther- 


apy; grodually taper dosage. Keep addiction-prone 

individuals under careful surveillance because of their 

Predisoosition-to: habituation and dependence: 
usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost 
aways be avoided because of increased 
tisk of congenital malformations as sug- 

asted in several studies. Consider possibili- 
ity of pregnancy when instituting therapy; 
; advise patients to discuss thorapy it they 

intend to or do become pregnant. 

Precautions: ii combined with other psycholropics or 

dnticonvulsants, consider carefully pharmacology of 


agent's employed: drugs sich as phenothiazines, narcot- 


ics, barbiturates, MAC inhibitors and other ontidepres- 
sante may potentiate fs-action, Usual precautions indi- 
“gated in patients severely depressed, or with latent 
depression: or with suicidal tendencies. Observe usual 
precautions in impaired renat or hepatic function. Limit 
: to smallest effective amount in elderly and 
debilitated to preciude ataxia or oversedation. 
The clearance of Vollum ond certain other benzodiaze- 
pines can be delayed in association with Tagamet 


{cimetidine} administration. The clinical significance of - 


tis is unclear. ; 
Side Effects: Drowsiness, confusion, diplopia, hypoten- 
sion, changes in libido nausea, fatique, depression, 
dysarthria. jaupdioe, skin rash, ataia, constipation. 
headache, incontinence, changes in salivation, slured 
speech tremor, vertigo, uinary retention. blurred vision. 
Paradoxical reactions such as acute hyperexcited states, 
aniiely, hallucinations. increased muscle spasticity, 
insomnia, rage, sleep disturbances: stimulation have 
been reported: should these occur, discontinue Grug. 
isolated reports of neutropenia, jaundice, periodic 
blood counts and liver function tests advisable during 

L longterm therapy. 


hid to gid: alcoholism, 10mg tid. org 
hours, ther Smg tid. or gid as need 


“skeletal muscle spasm, 2 t010. mg 


or 
“tively in convulsive disorders, 2 t01 mg 
Jon Geratric oF debilitated patients: 2to 22mg. t or? times 
daily initially, incteasing as needed and tolerated, (See 
© Precautions.) Children 4 to 2¥2 mg tid. orgia. initially, 
increasing as needed and tolerated (not for use.under 6 
monts). i 
; i e £40 mg, bl 
c bottesiof 100 * and 500;" Prescription Paks of 50, avail- 
able in trays. ot 10" Tel-f-Dose ® packages of 100, avait 
-able'in trays of 4 reverse-numbered boxes. of'25, and 
‘in boxes containing. 10 strips of 10:° 


eee by Roche Products Inc., Manati, Puerto Rico 
‘Supplied by Roche Loboratories. 


Division of Hoffmann-La Roche Inc., Nutley, 
New Jersey 07110 
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| of regression v were e similar: in both groups. By.18 months the total decrease in the ORS score was 62% in 
_ the operative group and 37 % in the nonoperative group. These results could mean that factors other than acute 

infarction are responsible for the perioperative QRS changes or that the infarct healing process may differ in the 
oe clinical settings. Lee 











































82 Evaluation ofa ors Scoring System for Estimating Myocardial Intart Size. i. Correlation with 
titative Anatomic Findings for inferior infarcts E 


ROARK, RAYMOND E. IDEKER, GALEN S. WAGNER, DANIEL R. ALONSO, 
SA ) P. BISHOP, COLIN M. BLOOR, DEAN`A. BRAMLET, JESSE E. EDWARDS, 
JOHN T. FALLON, GEOFFREY J. GOTTLIEB, DONALD B: HACKEL, HARRY R. PHILLIPS, 
KEITH A. REIMER, WILLIAM J. ROGERS, WAYNE K: RUTH, ROBERT M. SAVAGE, 
RICHARD D. WHITE, and RONALD H. SELVESTER | 





~ AQRS scoring system for estimating the size of myocardial infarcts was. evaluated by quantitative autopsy. cor- : 
relation in patients with single infarcts in the inferior third of the left ventricle. The study was limited to patients A 
_. whose electrocardiogram did not indicate left or right ventricular hypertrophy, left or right bundle branch block, 
--or- left anterior or posterior fascicular block. Thirty-one. patients from 6 medical centers met these criteria. Inthe 
` electrocardiogram of 28 (90%) of the 31 patients, lead aVF exhibited a Q wave of at least 30 ms. The correlation 
Sereen between the total QRS score and the percent infarction of the left ventricle was 0.74. In patients with- 
out confounding factors in the electrocardiogram. and with single. infarcts, the electrocardiogram provides a — 
cee marker for infarcts in the inferior third of the left ventricle ang a i quantialive ai scoring system providas an es- oe 
pare timate of infarct size. f 











u  Sogmëntal Right Ventricular Function After Acute Myocardial in Infarction: Two-Dimensional _ 
< Echocardiographic Study in 63 Patients 


JOSE LOPEZ-SENDON, MIGUEL ANGEL GARGIA-FERNANDEZ, ‘ISABEL ‘COMA-CANELLA, 
MAR MORENO YANGUELA, and FERMIN BANUELOS 


-Right ventricular (RV) segmental contraction was studied in-63 patients. with acute tayocardini infarction. MD, a 

-< using 2-dimensional (2-D) echocardiography. Group A included 32 patients with ischemic RV dysfunction: 19 had 
a disproportionate increase in right atrial pressure at the time of the examination (Group Al) and in 13 patients, a 
right atrial pressure was normal when the echocardiogram was obtained. (Group All). Group B included 31 pa- 
tients without ischemic RV dysfunction. Akinesia or dyskinesia of the RV wall was found in 30 patients: 19 from 
“Group Al, 8 from Group | All, and 3 from Group B. Asynergy could be identified in all segments of the RV wallin- 

- < ¢luding the outflow tract, RV apex, and anterior wall, but was more frequently found in the posterior wall (29 pa- = 
tients), best:seen in the transversal subcostal short-axis view. A significant difference was found either in the fre- 
; os. quency of wall motion abnormalities or in the number of segments with asynergy among the 3 groups ep 
_ <0.001). However, asynergy of the RV wall may be present in some patients with normal right heart hemody- o 
-` sanamic function, suggesting that asynergy may be more sensitive than hemodynamic: function in the diagnosis of 
acute RV infarction. Paradoxical septal motion was found in 8 patients, alli in Group Al, and all had a right atrial 
ees pressure ‘equal to or greater than pulmonary capillary pressure. te 


Variable Threshold Exertional Angina in Patients With Transient Vasospastic Myocardial Ischemia. 7 
Repeat Exercise Test Results and Therapeutic Implications parent 
“STEFANO DE SERVI, GIUSEPPE SPECCHIA,, COLOMBA FALCONE; ANTONELLO GAVAZZI, 


4 ANTONIO. MUSSINI, LUIGI ANGOLI, EZIO BRAMUCCI, DIEGO ARDISSINO, LAURA VACCARI, 
JORGE SALERNO, and PIERO BOBBA 





©o‘Twelve patients with vasospastic angina at rest presented with a. variable threshold of angina during exercise. 
-- In these patients 3 exercise tests, performed in the morning on different days, yielded different results because 
chest pain and ischemic electrocardiographic changes occurred at different work loads with a wide range of — 
: heart rate-systolic pressure product. Two patients, in whom great cardiac vein flow was measured during exer- 
cise before and after nifedipine, after the drug tolerated heavier work loads with a more marked increase in flow 
during exercise. Variable threshold exertional angina can be. objectively demonstrated by repeated. exercise 
< = tests in patients with vasospastic angina. Variability of the angina threshold ‘may be due to a functional n 
nism that causes mya ischemia | in addition to increased Myocardial m metabolic requirements Í 
exercise. Me 














Ischemic 
heart disease... 


malignant 
ventricular 
arrhythmias... 
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Frequent and complex forms of PVCs 
sharply increase the risk of sudden 
cardiac death (SCD) in patients with 


ischemic heart disease, especially in the 
presence of left ventricular dysfunction.‘ 


To reduce the risk of 
potentially fatal arrhythmias 
in such patients 


QUINAGLU 


(quinidine gluconate) 


* If initially tolerated, can usually be taken successfully 
over long periods. 









DURA-TABS* 


* Demonstrated by programmed ventricular stimulation 
to be effective in accepted “standard” doses.* 


° BID or TID dosage helps improve compliance while 
providing 24-hour antiarrhythmic activity. 


- “As a rule, GI toxicity associated with quinidine 
gluconate is less frequent and less severe than that 
associated with quinidine sulfate.” 5 


References: 1. Lown B, Podrid PJ, Graboys TB, et al: Curr Probl Cardiol 4:13-14, 1980. 2. Schulze 
RA Jr, Strauss HW, Pitt B: Am J Med 62:192-199, 1977. 3. Pine MB, Aronow WS: Ration Drug Ther 
14:1-5, 1980. 4. Kastor JA, Horowitz LN, Harken AH, et al: N Eng/ J Med 304: 1004-1020, 1981 

5. Podrid PJ: Patient Care 15:100-132, 1981 
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piel ae 
è nti Aart al lo quinidine. . 
è ee V DO 2 | Complete bure branch: ‘or other severe 
detects, especially those eaten a hanes 
ode ORS wae 4r Digitalis intoxication manifested by AV 
Myasthenia gravis. 6. Aberrant impulses and 
onrar HAA o escape mechanisms: 
WARI an INGS: | be Deane. aia Tle et sinis ci 
may be preceded Blogente Gao A-V block loa 
Teee ventricular rate. This possible 
raved by dig [Apevia beige p hot quinidine 
tions of digoxin increase 
sy oh ote wet aundie S aininn concutrently. 
igon ae plo py age E itored. Reduction of 
iestatons of idine cardiotoxicity such as excessive protonga- 
fant eal wing ey and env aar 
mandate immediate eas i ofthe drug andor 


close clinical and electrocardi ronnie monitoring, 
4 in Leaps individuals, such as those with marginally co 


disease, quinidine may produce clinical depres 
"op of cardiac Mnchon pach as epeaerson Daaa C rence 


hypotension, 

Quinidine therapy should be carefully ie ae in Such individuals, 
5, Quinidine should be.used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole:may be produced. 
Quinidine may cause abnormalities of cardiac rhythm. in digitalized patients 
and therefore should be used with caution in the presence of digitalis intoxi- 
cation. 6, Quinidine should. be used with caution in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential accumulation of 
quinidine $ in plasma leading to toxicity. 

7. Patients taking quinidine occasionally have isodes which 
usualy result from ventricular tachycardia or aan. is syndrome 

has not been shown to be related to dose or plasma levels. Syncopal 

episodes frequently terminate spontaneously orin sponse to treatment, 
but sometimes are fatal. 
8..A few cases of hepatotoxicity, including granulomatous hepatitis, due to 
quinidine hypersensitivity have been reported in patients taking quinidine. 
Unexplained fever andor elevation of hepatic enzymes, particularly in the 

early stages of therapy. warrant consideration of possible eee 
Monitoring liver breton during the first 4-8 weeks shouid be considered. 
Cessation of quinidine in these cases usually results in the disappearance 


of toxicity. 
PRE i; General: The precautions to be observed include al! 
those applicable to quinidine. A preliminary test dose of a single tableto! 
quinidine sulfate may be administered to determine if the patient has an 
igiosyncrasy to quinidine. Hypersensitivity to quinidine, although rare. 
should constantly be considered. especially during the first weeks of therapy 
Hospitalization for close clinical observation, electrocardiographic monitor- 
ing. and possible determination of plasma quinidine levels is indicated 
when large doses are used. or wilh patients who present an increased risk 
iwteractions: 
























Drug 

Drug 3 Effect 

Quinidine with anticholinergic drugs . Additive vagolytic effect 

Quinidine with cholinergic drugs we alla ot cholinergic 

ecis 

Quinidine with carbonic anhydrase == Alkatinization gf unne 

inhibitors. sodium bicarbonate. sulting in decreased 

thiazide diuretics excretion of quinidine 

Quinidine with coumarin Reduction of clotting factor 

anticoagulants conpentrations 

Quinidine with tubocurare, E Pytentiation of peuo: 

succinylcholine and decamethonium — muscular, blockade 

Quinidine with phenothiazines Additive cardiac. depressive. 

and reserpine effects 

Quinidine with hepatic enzyme- Decreased plasma half-life 

inducing drugs (phenobarbital, of quinidine 

phenytoin, rifampin} 

Quinidine with digoxin Increased plasma concentra- 
tions of digoxin (see: WARNINGS) 


Carcinogenesis, Mutagenesis and impairment of Fertility: Long: 
term studies in animals have not been performed to evaluate the 
carcinogenik: potential of quinidine There is curently nò evidence of 
quiniding-induced mutagenesis or impairment of fertility 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Anirhal reproduc: 
tion studies have no! been conducted with quinidine, There ate no adequate 
and well-controlled studies in p t women: Quinaglute (quinidine 
gluconate) Oura- Tabs should be given to a pregnant woman only if clearly 
needed. Nonieratagenic Effects: Like quinine, quinidine has been. reported 
to have oxytocic properties: The signilicanoe of this property in the clinical 
sey has not been established 
19 Mothers: Caution should be exercised when Quinagiute 
ore gluconate} Duta-Tabs are administered to a nursing woman due 
lo lo passage of th of the drug into breast milk 
Use: There are no adequate and well-controtted studies 
establishing the safely and effectiveness af Quinaglute (quinidine gizo. 
nale) Dura- ween in children ; 
ADVERSE REACTIONS: Symptoms of cinctonistti. finging in eats, 
headache. nausea: and. or disturbed vision may fut in sensitive patients 
alter a single dose of the drug. The most frequently encountered side 
effects to quinidine are gastrointestinal in nature. These gastrointestinal 
effects include nausea, vomiting, abdominal pain and diarrhea. 
‘Less frequently encountered adverse reactions: = 
Cardiovas jr: Widening of ORS complex. cardiac asystole, ventricular 
ectopic beats; idioventricular thythms inchiding ventricular tachycardia and 
{ibsillation. paradoxical kachyca arterat embolism and hypotension. 
ogie: Acute hemolytic anemia: hypoprathrombinemia, throm. 
bocylopena (purpura). ). agranulocytosis 
Central Nervous : Headache, tever: vertigo. apprehension. 
excitement, confusion, delirium and syncope. disturbed hearing (lininius. 
decreased auditory acuity). disturbed vision (mydriasis. blurred vision. 
disturbed color perception, reduced vision field. photophobia. diplopia. 
fright blindness, scotomata). optic-neuritis, = 
ic: _culaneous flushing with intense pruritus. urticaria. 
Photosensilivity. has also been reported 
Hypersensitivity Reactions: Angioedema: acute asthmatic episode. 
vascular collapse. respiratory artest. hepatic toxicity. igluding gran: =< 
Womatous hepatitis per WARNINGS) Although exiremely rare: Ther have 
‘also been reports of lupus erythematosus. m pat ae quinidine Ae 
Cool epositive association with quinidine dah has Sot bet st bishes pee 
conSee BERLEX Laboratories, insert for toll information -= 
; Cedar 


boratories, y 














The daperient of radiology of Harvard Medial Seoci in 


cooperation with the Council on Cardiovascular Radiology 
of the American Heart Association will sponsor its annual 
Cardiac ‘angiography course, ‘Cardiac Angiography 1983: 
Diagnostic and Therapeutic Coronary Arteriography"’, May 
23-26, 1983 at the Marriott-_ong Wharf, Boston, Mass. The 
program will consist of formal lectures in the morning, fol- 
lowed by panel discussions and small group workshops in 
the afternoons. Workshops will focus on cine techniques, 
intracoronary streptokinase, cardioactive drugs, interpretation 
of coronary angiograms, digital cardiac imaging, coronary 
angioplasty as well as other topics. Harvard Medical School 
faculty include Drs. Abrams, Block; Cohn, Collins, DeSanctis, 
Levin, Paulin, Pohost, and others. Guest faculty include Drs. 
Bulkley, Higgins, Kennedy, and Myler. The fee is $390 for 
physicians, $285 for residents, fellows and RTs. The course 
is approved for 26 Category | credits. 


For further information contact: Jo-Anne Latino, Coordi. 
nator of Continuing Education, Brigham and Women’s Hos- 
pital, Department of Radiology, 75 Francis Street, Boston, 
Massachusetts 02115. 




















































CARDIOLOGIST—ELECTROPHYSIOLOGIST | 


CREIGHTON UNIVERSITY MEDICAL CENTER is offering. a position : 
for a cardiologist who has special interest and sufficient training in 
clinical electrophysiólogy to direct the E Laboratory. 
Present 11 man faculty group conducts a busy clinical, research and 
teaching program and desires to expand and improve the Electro- 
physiology Laboratory. This is a fulltime academic position with 
salary and academic rank commensurate with the level of training : 
and experience. ; 


Piease Contact 
SYED M. MOHIUDDIN, M.D., CHAIRMAN 
SEARCH COMMITTEE FOR DIRECTOR OF 
ELECTROPHYSIOLOGY LABORATORY.: 
CREIGHTON UNIVERSITY CARDIAC CENTER... © 
601 NORTH 30th STREET, OMAHA, NEBRASKA. 68131: 


CARDIOLOGIST WANTED to associate with another jiboons list: 
with busy clinical practice. « Midwestern town of 40, ,000 near lar 
metropolitan area. Invasive and non-invasive skills necessary, 
Excellent salary, benefits and: practice opportunity with eventual: 
partnership. Reply. with'C.V., to Box 250, The American Journal 
of Cardiology, 875 Third Ave., New York, N. Y. 10022. 



























403 Cardiovascular Disease in the. vë Elderly. Anaiyete’§ of 40 | Necropsy P Patients Aged 90 Years c or Over z 
BRUCE F. WALLER and WILLIAM C. ROBERTS Le 


Clinical and necropsy observations are described in 40 patients (29 women) aged 90 years and older. At necro 
sy, 39 had 1 or more major cardiac abnormalities, the most common being calcific deposits in the major epicar 
dial coronary arteries in 37 (92%). In 28 patients (70%), 1 or more of the 4 major coronary arteries was nat 
rowed 76 to 100% in cross-sectional area (XSA) by atherosclerotic plaques, an average of 1.9/4.0 per patien 
_ Of the 12 patients with clinical events compatible with myocardial ischemia (angina pectoris or myocardial 
-farction), the average was 2.2/4 and in the other 28 patients, 1.0/4.0. in 36 patients, a histologic section was 
amined from each 5-mm long segment from each of the 4 major coronary arteries. Of the 1,789: segment 
(> 1%) were narrowed 96 to 100% in XSA by plaques; 147 (8%), 76 to 95%; 339 (19%), 51 to 75% 
(52%), 26 to 50%; and 367 (21%), 0 to 25%. The average amount of XSA narrowing for each of the 1,78! 
‘ments was about 42%. Of 10 patients with clinical evidence of myocardial ischemia, the ; average amount of nar 
“rowing per segment was about 55%, and in the 26 patients without clinical ischemia it was about 38%. Of the: 
40 patients, 18 (45%) had left ventricular transmural foci of fibrosis or necrosis, or both. 


422 Hemodynamic Effects of a New Antiarrhythmic Agent, Flecainide (R-818), in Conky Heart Disease 
VICTOR LEGRAND, MICHEL VANDORMAEL, PIERRE COLLIGNON, and HENRI E.  KULBERTUS 


Flecainide acetate, a class | antiarrhythmic agent, was administered intravenously to: 10 patients with coronary 
artery disease. It increased the P-R, QRS, and Q-T duration. Negative inotropic effects consisting of an increase 
of pulmonary wedge pressure and a decrease in stroke index, stroke work index, left ventricular.ejection rate, 
and dP/dt were noted. No significant changes in mean aortic pressure or systemic or pulmonary vascular resi: 

_ tance were observed. Left ventriculography performed after drug administration revealed an increase in systoli 
volume as well as a decrease in ejection fraction and mean velocity of circumferential fiber shortening. The drug 
was. well tolerated and the hemodynamic changes appeared moderate. 


4 27 -Pindolol and Propranolol in Patients With Angina Pectoris and Normal or Near-Normal Ventricular l 


Function. Lack of Influence of Intrinsic Sympathomimetic Activity on Global and Segmental Left 
‘Ventricular Function Assessed by Radionuclide Ventriculography 


DANTE. E. MANYARI, “WILLIAM J. KOSTRUK, S. GEORGE CARRUTHERS, “DONALD J. JOHNSTON, ‘and 
EAU PURVES 


i ‘The role. of intrinsic sympathomimetic activity on left ventricular function during antianginal. hani with beta 
"© blocking agents was evaluated in 23 patients with chronic exercise-induced angina pectoris. During 3 rando n 
_ allocated treatment periods (propranolol, a drug without intrinsic sympathomimetic activity; pindolol, a drug wi 
intrinsic sympathomimetic activity; and control), left ventricular function was evaluated at rest and during supi 
‘exercise with radionuclide ventriculography. Both propranolol and pindolol exhibited similar effects on glob: 
- and regional left ventricular function; neither decreased ejection fraction or wall motion at rest, while both pre- 
ventad a decrease in ejection fraction and the ice pf wall motion abnormalities with exercise. s 


a34 ~ Determination of the Anglographic Appearance of Coronary Vessels: The Importance of Supplying and 
i Recipient Arteries 


HARVEY L. GOLDBERG; JONATHAN GOLDSTEIN, JEFFREY S: BORER, MICHAEL. .B. COLLINS, 
JEFFREY W: MOSES, and GEORGE ELLIS, With the technical assistance of RICHARD QUIROZ 


To determine the relation between the angiographic appearance of the coronary arteries and ‘coronary collater: 
vessels, 121. coronary angiograms were reviewed. The coronary arteries were graded ona § point 8 
(<75%, 275% to 89%, 290% to 99%, and total occlusion); collateral vessels were graded ona 3 point si 
(absent, poor; or good). Stenosis of the recipient artery was an important determinant of collateral frequency ar 
angiographic grade; as the grade of stenosis increased, the likelihood of demonstrability of collateral vessels 
and the probability that such vessels were “good” increased. Collateral grade also was influenced by the extent 
_ of stenosis of the artery supplying that collateral vessel; 'good” collateral vessels were more likely to arise from 
arteries without important stenoses, and poor collateral vessels generally arose from more severely stenotic ar- 
» teries, The probability that a totally occluded artery received collateral vessels was reduced to the extent that 
stenoses were presenti in all potential sources of collateral supply: Thus, the angiographic appearance of the re- 
ne cipient and supplying coronary arteries is a major determinant or the an jic ap ic appearance of t boronary co 
< dateral vessels. o ; wo Ae 
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In hypertensive patients: 
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a When selecting antihypertensive 
therapy, clinical consideration should 
be given to the effects of the specific 
drug on coronary risk factors. Blood 
pressure control should be achieved 
without adversely affecting blood 
lipids. 

| Minipress Effectively 
Controls Hypertension 
Without Adverse Effect 


on Blood Lipidst 


= Minipress effectively treats 
hypertension. Patients have benefited 
from the effectiveness of Minipress 

in over 5 years of clinical use in this 
country. 1-5 


a Minipress has been shown not to 
have an adverse effect on blood lipids, 


- according to The Oslo Study and other 


reports.*? Because Minipress lowers 
high blood pressure and does not 
produce lipid changes which are 
potentially atherogenic, it provides 
your patient with a net reduction in 
risk. 

*Minipress is not indicated for the 

treatment of hyperlipidemia. 

Please see Minipress brief summary on following page. 


ipre ress 


apsules Img, 2 mg, 5 mg 


© 1982, Pfizer Inc. 
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Euan £ EREN 
Oral Use 


Puan heli 8 For 
INDICATIONS. MINIPRESS® (prazosin hermes is indicated: in the 
“treatment of hypertension. As anantih hypertensive d tug, itis Emig to.moderate 
ciii activity: it canbe used as the initial agent: or it may be employed in-a 
general treatment program in: conjunction with: a A and/or other 
yapese drugs as needed for pri tient respon: 

NGS: MINIPRESS Apiso i hydrochloride) may: ode 

with sudden toss of conse in most cases this. is 


oo” led to to be dus to an excessive postural hypotensive effect, 
lepoa has teen 
elit rates of tebe 


$0 minutes ro ia ee the drug, occasionally they have 
; reporter in association wit rena 
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u ating, by sh uenti maa tee a oaa re nh 





i ants given MINIPRESS who 
‘recolving a beta pac pesto 
i Weyer ‘occurs, the patient should be placed in the recumbent ‘position 
“and treated supportively as-necessary This adverse effect is self-limiting and 
“Ap most ¢asés: does not récur: ‘after the initiat period of therapy or during 
\ Subsequent ‘dase titration, 
“Patients should always be started on the 1 mg capsules of MINIPRESS 
: ions hydrochloride). The 2-and 5 mg capsules are not indicated for 
«initia therapy. 
More common than toss of consciousness'ate the symptoms atten 
x Associated with Towering. of the blood pressure, namely, dizziness and 
theadedness... The patient should be cautioned about these possible 
verse effects and advised what measures to take should they develop. 
patient should also be cautioned to avoid situations where injur it a 
should scene ised during the initiation of MINIPRESS (prazosin 


hydrochloride) the 
; Usage In rane: Although no. tetalogenic effects were seen_in 
‘animal testing, the safely of MINIPRESS (prazosin hydrochloride) in 
< <> pregnancy has not been established. MINIPRESS (prazosin hydrochtoride) is 
nol recommended in pregnant women unless the potential benefit ‘oulweighs 
‘o: potentiatrisk to mother a fetus, © 
Ne la ‘No.clinical hxperianice | is available with the use of 
‘MINIP! AS ESS pane Aygrochtoride) in-children, 
H he most common réactions associated with 
WINIPRESS ar ae hydrochloride) therapy are: dizziness 10.3%, 
a drowsiness 7.6%, lack.of energy 6.9%, weakness 6.5%, 
: painaions 5.3%, and nausea 4.9%: in most instances side effects have 
havea with continued therapy of have.been tolerated with no decrease 
in dose of drug: 
The tallow reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some-of them Hoty {in some instances exact-causat 
relationships have not been establis 


















and/or pain. 
Cardiovascular: edema; dyspnea, syncope, tachycardia. 
Central Nervous er fervousness, vertigo, depression paresthesia. . 
Dermatologic: rash, pruritus, alopecia, lichen pian 
: Genitourinary: urinary frequency, incontinence, impotence, 0 eg : 
EENT. blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion: => 
`. Other: diaphoresis..- 
Single reports of pigmentary mottling and serous retinopathy and a few 
. seports of cataract development or disappearance have been reported. In 
co these instances, the exact causal relationship has not beon established 
because the baseline observations were frequently. inadequate. `> 
“in more. specific slit-lamp and funduscopic studies, which included 
ins baseline ea araminaugns, fo drug-related abnormal ‘ophthalmological 
-i findings have. 

GE AND DAO MINGS INISTRATION: The dose of MINIPRESS (prazosin 
POSERE AMI should be adjusted according to the patient's individual blood 
pressure response. The following isa guide to its administration: ° 

Ui lal Dao: mg two or three times a da (See Warnings.) . 

: Dosage may be slowly increased 103 foal daily dose 
of 20 mg ger iven in divided doses. The therapeutic dosages most-commonly 
employed he ve ranged ir rom:G:mg to 15.mg daily given in divided doses: 
Doses higher than. 20-mg suali donot increase eee N owever a tew. 
patients aay benefit from! further increases up to a.daily dose of 40:mg.given 
in divided doses, After-initial. titration some patients can be maintained 
adeguate ona lwiė a twice daily dosage regimen; 

; ; When adding a diuretic or other antihypertensive 
agent, the gose of MINIPRESS (prazosin:hydrochloride) should be reduced 

P 1 aaga engines ree times a day and retitration then carried out. 
; IW SUPPLIED: MINIPRESS (prazosin! hydrochloride) | is availa inimg 
4, HoN #431), 2 mg (pink and white #43 n) capsules sules i p hottie gut 250; 1000, 
~vand unit-dose institutional packages af. 100 mg (blue and 
‘white a moron in bottles of 250, 0 ed a ud institutional 


packages 10x 10's), 
: More etaed information available on request. 
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“ACADEMIC CARDIOLOGIST 


The Division of Cardiology of the University of Vermont, College of 
Medicine is seeking an academic cardiologist to supervise and ex- 
pand our cardiac rehabilitation program. The development of re- 
search and teaching programs related to cardiac rehabilitation is 


„an essential part of this position. Applicants should be Board eligible 


or certified in cardiology and have some additional training or ex- 
perience in cardiac rehabilitation. 


Send inquiries with curriculum vitae by March 1, 1983 to: Daniel 


S. Raabe, Jr., M.D., Division of Cardiology, Medical Center Hospital 


of Vermont, Burlington, Vermont 05401, The University of Vermont 
is an affirmative action employer. Women and minorities are en-: 
couraged to apply. 









CARDIOLOGY. FELLOWSHIP—3RD YEAR INVASIVE CARDIOL- 
OGY FELLOWSHIP IN VERY ACTIVE CARDIAC AND CARDIAC 


SURGERY PROGRAM BEGINNING JULY 1, 1983. SALARY $27,940 | 


PLUS FULL BENEFITS. CONTACT ST. JOHN HOSPITAL, DEPART: 


MENT OF HEALTH EDUCATION, 22101 MOROSS ROAD, DETROM, : 


Mi 48236 (313) 343-3875. 


Northeastern Pennsylvaria—Dynamic practice opportunity in 


cardiology. 
~ available. Modern JCAH approved, 160b bed general acute care hospital 


forty-five minutes northwest of Allentown, Pennsylvania, provides out 
standing potential and opportunity in excellent geographic location fc 
building specialty practice. Please send resume to Tod: Mammuth, 
NEEMA: Medical ‘Services, inc. 399 Market Street, Philadelphia,” PA 
19106 or call 800-523-0776 (outside PA) or 215-925-3511 (in PA)... 




















CARDIOLOGIST-ELECTROPHYSIOLOGIST. The Marshfield Clinic is | 


seeking a board certified/eligible cardiologist with extensive training © 

and experience ‘in. electrophysiology and all aspects of arrhythmia’ 
evaluation and management. This individual will complement an existing ; 
eight member Department. of Cardiology in a large multispecialty clinic: ofe 
Send CV to W: Bruce Fye, M.D.; Chairman, Department of Garsoloay : 

; Marshfield Sine: Marshfield, Wisconsin, 54449, ; 





















































Identification of Septal Ischemia During Exercise by Q-Wave Analyse: Correlation with Coronary 
Angiography - 
MICHAEL A. FAMULARO, YOGESH PALIWAL, ROBERT REDD, and MYRVIN H. ELLESTAD 


















Changes‘in the precordial septal Q wave with exercise have been shown to correlate with ischemia. This study : 
evaluates the concept that exercise-induced changes in the septal Q wave reflect the contractual state of the 
septum. An increase in Q-wave amplitude is associated with good contraction, whereas a decrease indicates 

. ischemia and reduced function. Twenty-nine patients with single-vessel disease with >50% diameter reduction 
were compared with 12 whose coronary arteries were demonstrated normal on angiography. Of the 13 with left 
anterior descending disease, 8 had a decrease in Q-wave amplitude and 5 had: no change. No patient with left an- 
terior descending disease increased the magnitude of the septal Q amplitude, whereas 9 (75%) of the 12 pa- 
ents with normal coronary arteries showed this change. No patient | cor 
right s or Srouriien disease had. a loss of septal Q-wave amplitude Thus, a decrease in septal Q-wave amplitude , 
significant left anterior descending disease. _ 

An bene in the septal amplitúde indicates normal septal contraction and usualy good flow in the left anterior — 
descending coronary artery. 











a8 Surgery for Coronary Heart Disease Due to Mucocutaneous Lymph Node Syncrome (Kawasaki 
S Disease), Report of 6 Patients 


SOICHIRO KITAMURA, KANJI KAWACHI, RYOICHI HARIMA, TETSUO SAKAKIBARA, 
HAJIME HIROSE, and YASUNARU KAWASHIMA 









Early and late surgical results in 6 patients with coronary heart disease Soron to mucocutaneous lymph node 

syndrome (Kawasaki disease) are presented. They had severe coronary artery narrowings, obstructions, and an- 
-eurysms with or without mitral regurgitation. Previous myocardial infarction was documented in 5 patients. Aor- 
-tocoronary bypass gratting utilizing the autologous saphenous vein was performed ind patients; in the remaining 
-o patient, mitral valve replacement was carried out. There were operative or late deaths. A long-term bypass graft 
"patency was demonstrated in patients aged 26, 17, and 10 years with resulting clinical, angiographic, and/or 
scintigraphic improvements. However, the graft that had been patent in a 4-year-old boy was found. completely 
-obstructed 3 years after surgery without any symptomatic changes. The formation of rich collateral channels 
„was found. The risk of saphenous vein graft closure may be high in young growing children. In older children or 
adolescents, however, coronary vein bypass grafting for this specific inflammatory coronary artery lesion has 
_.. been effective with long-term graft patency. Severe mitral regurgitation is also an indication for surgery, but poor 

left ventricular function associated with mitral regurgitation, probably secondary to myocarditis, persists after 
: surgery and may give: tise to future problems. 


The Changing “Natural History” of Symptomatic Coronary Artery Disease: Basis Versus Bias 
LEE ¢ GOLDMAN, GILBERT H, MUDGE, Jr., and E. FRANCIS COOK 






An uncritical reading í of recent “natural history” studies would suggest far greater improvenients in the survival. 
of symptomatic coronary patients than has been demonstrated by national mortality statistics. However, at- 
~ tempts to compare patients from different studies and different eras may greatly overestimate the true improve- 
‘ment in natural history because of at least 3 biases in the selection of cases from the spectrum of diseased pa- = 
tients. Because of lead-time bias, patients who are. diagnosed earlier live longer regardless of whether interven- <. 
“tions are efficacious. Because of referral bias, current patients may have symptoms or anatomy that place them i 
at a different stage of severity than patients who were chosen for earlier studies. Because of incidence-preva-_ 
<. fence bias, prevalence studies will be over-represented with survivors of previous incidence cohorts who have’ i 
slower-progressing disease. The authors suggest that all natural history studies be carefully scrutinized for such 
biases. before they are compared with each other. 


CONGESTIVE HEART FAILURE 


Intermittent, Continuous Outpatient Dobutamine Infusion in the Management of Congestive noon: 
Failure 


MARK M. APPLEFELD, KATHRYN A. NEWMAN, WILLIAM R. GROVE, FREDERICK J. SUTTON, 
DAVID. S. ROFFMAN, WILLIAM P. REED, and STEVEN E. LINBERG 















: Continuous dobutamine infusions were given twice weekly by a portable infusion pump-chronic venous. access 
~“gatheter system to 3 outpatients. with heart failure. Left ventricular function and congestive failure improved with 

this therapy i in each patient. The only complications during 58 cumulative weeks of treatment were 3 mild infec- : 
a -tions around the catheter exit site. This form of: therapy. shows promise for the managemen of t ratraotory con- 
ae “re heart failure. 








Ia R-Wave s Amithide Chango l During Aerobic Exercise in Hypertensive Adolescents After Treatment 
-BONITA FALKNER, DAVID T. LOWENTHAL, MELTON B. AFFRIME, and BARBARA HAMSTRA 


The: purpose of this study was to determine whether the blunted reduction in R-wave amplitude during progres- 
sive aerobic exercise observed in hypertensive adolescents could be altered by pharmacologic therapy to re- 
duce blood pressure. Twenty-nine hypertensive: adolescents were randomly assigned to either diuretic therapy 
(hydrocholorothiazide) or a centrally acting agent (clonidine). Exercise stress testing was performed before ther- 
apy and after 16 weeks of therapy. Therapy that lowered blood pressure also resulted in a change in R-wave re- 
sponse. In both treatment groups the change in R-wave amplitude during exercise corresponded to the R-wave 
response pattern observed in normotensive control subjects. These observations indicate that the altered R- 
wave response to exercise observed in young patients with hypertension is reversible. These findings suggest 
that the R-wave response before treatment may be related to a relatively higher vascular resistance. 





“Increased Plasma Concentrations of Prostacyclin in Metabolite 6-Keto-PGF,,, in Essential 
. Brpactension. Influence of Therapy With Labetalol — 


LOUIS ROY, JAWAHAR MEHTA, and PAULETTE MEHTA, With the technical assistance of 
NANCY OSTROWSKI, CHRISTINE HORALEK, and GEORGIA KELLEY 





_ The concentrations of 6-keto-PGF,,, and thromboxane Bz, stable metabolites of prostacyclin and thromboxane 
Az, respectively, were measured in patients with. essential hypertension. Plasma 6-keto-PGF,,. levels were 
markedly increased in the placebo phase, while thromboxane Bz levels were normal. Intravenous labetalol low- 
ered the blood pressure but did not reduce 6-keto-PGF 1x levels. Therapy with labetalol for 6 weeks decreased 
6-keto-PGF a concentrations. Thromboxane By levels were unaffected by intravenous or oral therapy. Increased 
plasma levels of 6-keto-PGF,,, in patients with untreated hypertension suggests that enhariced prostacyclinac- = 
tivity may be a protective mechanism to prevent organ damage. As blood pressure is controlled, prostacyclin ee 
activity. declines as this increase is no longer needed. Ee 















58 Analysis of Ventricular Emptying and Filling Indexes During Acute Increases in Arterial Pressure 


ROBERT A. SLUTSKY, G. B: JOHN MANCINI, KENNETH H. GERBER, HOWARD C, DITTRICH, ‘and 
` CHARLES B. HIGGINS . 


During periods of increased systemic arterial. pressure, the ejection fraction, ejection rate, and filling rate be- 

haved similarly in normal subjects and patients with previous myocardial infarction. Global indexes of mid-sys- ao 

tole, holosystole, and diastole appeared of similar discriminatory value in differentiating normal subjects from 
: patients with infarction. ae 


VALVULAR HEART DISEASE 


Serial Changes in Left Ventricular Function After Correction of Chronic Aortic Regurgitation. 
Dependence on Early Changes in Preload and Subsequent Regression of Hypertrophy 


JOHN D. CARROLL, WILLIAM H, GAASCH, MICHAEL ZILE, and HERBERT J. LEVINE 






` The. early postoperative left ventricular dysfunction seen in many patients after correction of chronic aortic 
regurgitation is usually a temporary finding due to an acute reduction in left ventricular preload. The gradual. im- 
-provement in ventricular function which occurs over the subsequent 6 to 9 months is partly related to the regres- 
=: sion of hypertrophy. Persistent postoperative left ventricular enlargement and persistent hypertrophy are associ- 
-< ated with persistent left ventricular dysfunction. In most patients left ventricular volume, mass, and function are ; 
-not stable during the first postoperative year, and for this reason optimal assessment of ventricular function re- 
quires serial studies. _ 














adionuctide Ventriculographic Study of Adaptations to Exercise in Aortic Regurgitation 
_ RICHARD M. STEINGART, CORINE YEE, LAWRENCE WEINSTEIN, and JAMES SCHEUER 






¿oii Twenty patients with clinically isolated aortic regurgitation ‘underwent supine rest and exercise-gated radioni- j9 

= colide ventriculography. The regurgitant index, a measure of the severity of regurgitation, was 3.46 + 1. 25 atrest 
_and decreased to 2:6 + 0.8 with exercise (p <0.001), The greater the regurgitant index at rest, the greater the 
decrease with exercise. The wide variations in end-diastolic. Count and stroke count responses to exercise were 
-explained in part by the decreasing regurgitant index. The data ‘support the findings in previous catheterization a 
‘Stud and confirm that gated radionuclide Yaniriouograohy | isa yee tus fool for r monitoring adaptations toe exer- o o 
ir rtic regurgi ES ' Eas ; . ; a ee 





















dioctyl sodium sulfosuccinate 


Colace means escape—from laxative 
stimulation, from laxative harshness, 
from laxative habit;-Colłace gently 
helps soften stools-for-easy, painless, 
unstrained elimination. It's the great 
laxativevescape, from infancy to old 
age. Available.in 100 and 50 mg.°*€ap- 
süles; Syrup or tiquid. 


Mead Himen 
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Indexes of Intravascular Hemolysis, Quantification of f Coagulation Factors , an 
Patients With Porcine Heterograft Valves ee 


MARK E. THOMPSON, JESSICA H. LEWIS, FREDERICK L. PORKOLAB, “UTE HASIBA, and 
JOEL A. SPERO, With the technical assistance of JOHN WILSON and MICHAEL SNYDER 


am elet Survival in 




































Ten patients with porcine heterograft valves who were not receiving anticoagulant agents were evaluated to de- 
>. termine effect of the valves on red blood cell survival, platelet activation and consumption, and chromium-5 1 

platelet survival time. There was no evidence of significant intravascular hemolysis. The coagulation profile and 
“the results of platelet function studies were normal. No statistically significant difference was observed between 
the platelet survival time calculated for the 10 unanticoagulated patients with porcine heterograft valves (half-life 
- 3.2 + 0.6 days) and the 11 normal control subjects (half-life 3.6 + 0.6 days) (p >0.2). The normal platelet surviv- 
< al time determined in patients with porcine heterograft valves is consistent with clinical experience indicating 
this device is associated with a low incidence of systemic embolization. 


Rheumatic Tricuspid Valve Disease: Two-Dimensional Echocardiographic, Hemodynamic, and 
“Angiographic Correlations 


STEVEN J. DANIELS, GARY S. MINTZ, and MORRIS N. KOTLER 


The authors studied 372 patients with rheumatic heart disease using 2-dimensional echocardiography; 23 (6%) 
had 2-dimensional echo evidence of tricuspid valve involvement. Nineteen patient with 2-dimensional echo tri- 
cuspid valve involvement underwent cardiac catheterization; only 4 patients had tricuspid stenosis, Twelve pa- 
tients with 2-dimensional.echo involvement had right ventriculography; 9 patients had predominant and signifi- 
cant tricuspid. regurgitation. Thirty-one patients with no 2-dimensional echo involvement had right ventriculog- 
raphy; 11 had significant tricuspid regurgitation. 


97 “Calcium Phosphorus Metabolism in Dialysis Patients With and Without Mitral Anular Calcium. Analysis 
`of 30 Patients 


PASQUALE F. NESTICO, NICHOLAS L. DePACE, MORRIS N: KOTLER, LESLIE |. ROSE, 
JOSEPH H: :BREZIN, CHARLES SWARTZ, GARY S. MINTZ, and: ALLAN. B. SCHWARTZ 


in chronic dialysis patients mitralanular calcification (MAC) is frequently detected by M-mode echocardiography... 

In order to study calcium phosphorus metabolism in such patients, the biochemical findings in 10 dialysis pa- 

+ tients with MAC were compared-with those in 20 patients without MAG. Higher serum phosphorus levels 5.41 oe 

_ £0.82 mg/dl and calcium phosphorus products 49.7 + 9.0 were found in MAC patients than in patients without: ©. © 

MAC (phosphorus 4.09 + 1.05 mg/dl, and calcium phosphorus product. 34. 46 + 10.8), Both groups had in- 

_.. ¢reased parathyroid: hormone levels, and there was no difference in the 2 groups with regard to age, supine pre- > 

> dialysis systolic. and diastolic blood pressure, and duration of dialysis. Thus, mitral anular calcification in dialysis o 4 

-patients is associated with disturbed calcium phosphorus metabolism and is independent of the level of parathy- es a 
roid hormone. ee 


< MYOCARDIAL HEART DISEASE 
501 _ Quantitative Morphologic Findings of the Myocardium in Idiopathic Dilated Cardiomyopathy 


FRANZ SCHWARZ, GERHARD MALL, HORST ZEBE, JOHANNES BLICKLE, HARALD DERKS, 
JOACHIM MANTHEY, and WOLFGANG KUBLER 








Left ventricular endomyocardial catheter biopsies were obtained from 73 patients. All patients had normal coro- 
nary arteriograms but abnormal electrocardiograms. Twenty-six patients had normal left ventricular function andis 
47 had contractile dysfunction, Myocardial fiber diameter, the volume fraction of interstitial fibrosis, and thein- 
‘tracellular volume fraction of myofibrils were determined from light microscopic morphometry, and these results 
< were confirmed by electron microscopy. The coefficient of variation was 6% for determination of fiber diame- 
“oter, 43% for interstitial fibrosis, and.3% for volume fraction of myofibrils. Fiber diameter and fibrosis showed. 
a significant negative correlation and the volume fraction of myofibrils a significant positive correlation with the 
~ left ventricular ejection fraction. Thus, a reduction in the volume fraction of myofibrils and an increase in fibrosis 
Ok „are morphologic correlates of left ventricular dysfunction in patients with idiopathic dilated cardiomyopathy. 










7 Significance of Ventricular Tachycardia in Idiopathic Dilated Cardiomyopathy: Observations in 35 
Patients 


< SHOEI K: HUANG, JOSEPH V. MESSER, and PABLO DENES i 
-Thirty-five patients with idiopathic dilated cardiomyopathy were studied-in order to (1) evaluate the significance ee oe 


Of ventricular tachycardia (VT), and (2) correlate the presence of ventricular arrhythmias with the hemodynamic... 
findings. All eee had hited and left heart catheterization and coronary angiography. Holter i pono was ; 





A familiar name in medicine 
_ becomes 
anew name in cardiovascular therapy. 








or hemodynamic measurements. ‘During follow-up study (mean 34. 1 + 16. 6 manther 4 patients died. Two deaths ee 
were sudden (1 with and the other without previous VT); the other 2 patients died from intractable congestive ; 
heart failure and sepsis. It is concluded that (1) the incidence of ventricular arrhythmias in patients with idiopathic 
dilated cardiomyopathy is very high, (2) VT is common and usually occurs in the nonsustained form, and (3) there 

is no correlation between VT and the clinical and hemodynamic findings. 











































ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Transesophageal Pacing for Prognostic Evaluation of Preexcitation Syndrome and Assessment of 
: Protective Therapy 

GIUSEPPE CRITELLI, GINO GRASSI, FRANCESCO PERTICONE, FERNANDO COLTORTI, 
VITTORIO. MONDA, ‘and MARIO: CONDORELLI 


-.. Decremental atrial pacing and elective induction of atrial. fibrillation were performed using an esophageal lead 
~in 5 patients with Wolff-Parkinson-White syndrome, before and after amiodarone therapy. In the control state, 
“the mean cycle length with 1:1 conduction over accessory pathway was 232 ms. The average of the shortest = 

R-R interval during atrial fibrillation was 198 ms and the mean ventricular rate was 196 beats/min. After ami-. 
odarone therapy, the shortest cycle length with 1:1 conduction increased in all patients, with a mean of 370 ms... 
During atrial fibrillation no preexcited beat was present in 2 patients, while the minimum preexcited R-R interval 
in the other 3 patients was 290, 240, and 370 ms, with the ventricular rate decreasing in:all patients. 








19 Electrophysiologic Studies Before and After Myocardial Revascularization in Patients With Life- 
cag, Ventricular Arrhythmias 


_ HASAN: GARAN, JEREMY N. RUSKIN, JOHN P. DIMARCO,. WAYNE M. DERKAC, CARY W. AKINS, 
WILLARD M. DAGGETT, W. GERALD AUSTEN, and MORTIMER J. BUCKLEY 


_ Programmed cardiac stimulation was performed in 17 patients with severe proximal coronary artery diseaseand 
left ventricular ejection fractions >30% undergoing coronary artery bypass graft surgery after prehospital ven- _ 
tricular fibrillation (VF) or ventricular tachycardia (VT). Before surgery and off antiarrhythmic drugs, programmed 
cardiac stimulation induced VF in 4 patients and VT (2:5 beats) in 11 patients. When studied with programmed 
cardiac stimulation again an average of 19 days after coronary artery bypass graft surgery, 10 patients had no = =o 
inducible VT or VF off all antiarrhythmic drugs, and 6 had induced VT. One patient had spontaneous VT. Anef- = = 
fective antiarrhythmic regimen that suppressed inducible and spontaneous VT was defined by serial tests in 4 _ 
patients; 3 patients continued to manifest inducible VT with all drugs tested. All but 1 patient, in whom postoper- 
ative VT could not be suppressed, are free of arrhythmias after a mean follow-up period of 23 months (range 6. 
to. 53). 


25 Electrophysiologic Mechanism of Exercise-induced Sustained Ventricular Tachycardia 


RUEY J. SUNG, EDWARD N. SHEN, “FRED MORADY, MELVIN. M. SCHEINMAN, DAVID HESS, and- 
ELIAS H. BOTVINICK 





This report describes clinical and electrophysiologic findings in 12 patients in whom sustained ventricular tachy- `~- 
cardia (VT).developed during treadmill exercise testing. Electrophysiologic studies provoked paroxysms of sus- = 
tained VT identical to those observed during treadmill exercise testing in 10 patients. Seven patients had VT sug- 
gestive of a reentrant mechanism, as the VT could be initiated with programmed ventricular extrastimulation or _ 
terminated by overdrive ventricular pacing. The remaining 3 patients had VT suggestive of catecholamine-sensi-. 
+ tive abnormal automaticity. In the latter. 3 patients, VT could not be initiated with programmed electrical stimula- 
_ tion but could be provoked by intravenous isoproterenol infusion; furthermore, VT could not be terminated with 
overdrive ventricular. pacing but could be abolished by discontinuing isoproterenol infusion. These. observations. 
suggest that the mechanism of exercise-induced VT varies among patients; it can be caused by either reent 
or catecholamine-sensitive abnormal automaticity. l 













_ Programmed Electrical Stimulation of the Heart in Coronary Artery Disease 
“PETER. R. KOWEY, EDWARD D. FOLLAND, ALFRED F. PARISI, and BERNARD LOWN 






-Patients who have had ventricular tachycardia or fibrillation frequently undergo electrophysiologic. evaluation to 
_ permit the selection of appropriate therapy. However, these techniques have not been systematically applied 
n to pene with coronary disease ang no history of ventricular inongan. This study reports the results 


Continued on n Page A34 







Valium* Ativan’ 
(diazepam) © (lorazepam) € 


= ~ 
- 
after ~ 
after cimetidine 
~ 
~ cimetidine 
a a 


ra 


01 
pop 
102030 50 #70 90 O 10 20 30 40 50 60 
hours hours 

Plasma concentration of diazepam after a single dose of 0.1mg/kg Plasma concentration of lorazepam after single dose of 2 mg IV in 
IV to a single subject administered before (—) and after (---) 8 normal subjects before (—) and after (--) 7 days of treatment 
pretreatment with cimetidine—5 X 200 mg orally q6h. (Adapted with cimetidine, 300 mg orally qid. (Adapted from Patwardhan RV, 
from Klotz U, Reimann |; N Engl J Med 302:1012-1014, 1980.) 


Yarborough GW, Desmond PY, et al: Gastroenterology 79:912-916, 
1980.) 





tincluding Convulsions, tremor, abdominal arid muscle cramps, vomiting and sweating). Addic- 


tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful ‘surveillance 
wher on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
taken continuously at therapeutic levels tor several months. 
i in depression accompanying anxiety, consider possibility for suicide. 


‘or debilitated patients, initial: daily dosage. should not exceed 2mg to avoid ovef=` 


n: Termiriate dosage gradually since abrupt withdrawal of any antianxiety agent may 

‘symptoms like those being treated: anxiety, agitation, irritability, tension; insomnia and 

jonal convulsions. Observe usual precautions with impaired renal or hepatic function. 

nere gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 

has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 

nent: Esophageal dilation. occurred in rats treated with lorazepam for more than 1. year at 

kg/day. No effect dose was 1.25mg/kg/day (about 6 times maximum human therapeutic 

of 10mg /day). Effect was reversible only when treatment was withdrawn within 2 months 

rst. observation, Clinical significance is unknown, but use. of torazepam. for prolonged 

periods and in geriatrics requires caution and frequent monitoring tor symptoms of upper G.I. 
disease. Safety and effectiveness in children under 12 years have not been established, 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 


“i elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests. 


zare recommended during long-term therapy. 
” CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 


sts when administered with such medications as barbiturates or alcohol. 

CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 

ats during an.18-nionth study. No studies regarding mutagenesis have been performed. 
PREGNANCY: Reproductive studies were performed in mice, rats, cand. 2 strains of rabbits. 
cagional anomalies (reduction of tarsals, tibia, metatarsals, mairotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although ail these anomalies were not present in the concurrent control. group, they 
ve been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
‘evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in. several studies. 
lecause use Of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 

‘egniant at institution of therapy should be considered. Advise patients if they become preg- 
‘nant to communicate with their: physician about desirability of discontinuing the drug. In 
hurnans, blood levels from umbilical cord blood indicate placental transfer of lorazepart and its 
glucuronide. 

URSING MOTHERS: it is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a gerierai rule, nursing should not be undertaken while on a drug since 
many drags are excreted in milk. 

Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear ‘on continued medication or on decreasing dose. ira sample of about 3,500 anxious 
tients, most frequent adverse reaction is sadation (15.9%), followed by dizziness (6.9%), 
weakness (4.2%) and unsteadiness (34%), Less frequent are disorientation, depression, nau- 
‘sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various: gastrointestinal symptoms and autonomic manifestations. dich 
‘dence of sedation and. unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 
In management of overdosage with any drug, bear in mind multiple agents may 
ave been. taken, Manifestations of overdosage include. somnolence, confusion and coma. 
induce vomiting and/or undertake. gastric lavage followed by general supportive care, monitor- 
ing vital signs and close observation. Hypotension, though: unlikely, usually may be controlled 
with Levarterenol Bitartrate injection U.S.P. Usefulness of dialysis has not been determined. 


Ativan, 


Dosage: individualize for maximum beneficial effects. Increase dose 
jally when needed, giving higher evening dose before increasing 
aytime doses, Anxiety, usually 2-3mg/day given b.i.d. or tid; dosage 
vary from 1 to 10mg/day in divided doses. For elderly or debili- 

, initially 1-2mg/day; insomnia due to anxiety or transient situa- 





= DEPARTMENT OF — 
THORACIC-CARDIOVASCULAR 
SURGERY | 
Nassau Hospital, a 533-bed teaching hospital of 
SUNY at Stony Brook is seeking outstanding candi: 
dates to chair its cardio-thoracic department. Ap- 
plicants should have demonstrated clinical, teach- 
ing and administrative skills as well as proven re- 
search productivity: Senior academic rank pref 
red (Professor or Associate Professor of Su 
The department conducts a fully approved o 
heart program and a large volume of thoracic. a 
vascular surgery is performed. There are hospital- 
supported fellowship positions and an opportunity 
for research activities. Send CV to John F. Aloia, 
M.D., Professor of Medicine, Chairman, Search ~ 
Committee. i 


NASSAU HOSPITAI 


259 FIRST STREET. a 
MINEOLA, LONG ISLAND, NEW YORK 11501 
An Equal Opportunity Employer M/F : 





ASSOCIATE DIRECTOR _ 
CLINICAL RESEARCH | 


Our assignment for an outstanding pharmaceuti 
company requires a Board Eligible or Certified í 
diologist or a physician who has been specializing 
in Cardiology. Western sunbelt location. Excellent 
salary plus bonus and stock options. ee 


Please mail cv to E. H. Sellmer, SELLMER & A 
SOCIATES, P.O. Box 2883, Laguna Hills, CA 92653 
or call (collect) (714) 768-5711. a 








CARDIOLOGIST =€ 000 0 
wanted to join three man cardiology-internal medicine group in 
Piedmont North Carolina. Please send curriculum | 
references to Box 245, The American Journal of Ci 

Third Ave., New York, NY 10022. 











INVASIVE CARDIOLOGIST, The Marshfield Clinic is seeking a Board -Y 
certitied/eligible. cardiologist fully trained in all aspects of cardiac 
catheterization and. angiography including: PTCA. This individual 
would join. eight cardiologists in. an institution where o 
; eterizations and. 450 open heart procedures performed 
ly. Include CV with first letter. W. Bruce Fy r 
tof Cardiology; Marshfield Clinic; Marshfield, W 











Critical Pattern Recognition” 
The next wave in Holter data analysis. 


No two patients have exactly the same 
ECG waveforms 

So to give you the most precise data 
analyzer for processing Holter tapes, we 
offer Critical Pattern Recognition. 

Both the Trendsetter™ and Evaluator™ 
Data Analysis Systems are computer- 
controlled to recognize normal and variant 
ECG waveforms for each individual 
patient. 

Waveforms are categorized, counted 


and compared to the patient's typical ECG, 


even though these normal patterns may 


DEL MAR AVIONICS 


vary throughout the monitoring period 

Moreover, analysis is halted automat- 
ically upon occurence of significant ectopic 
patterns, such as paired VEs/SVEs, 
R-on-T, V-Tach, SV-Tach, Ventricular 
Bigeminy, Bradycardia beats/runs and 
other critical events. 

Dual 12-in CRT displays provide unsur- 
passed control of real-time data. And a 
wide selection of report formats (alphanu- 
merics, graphics and analog trends) pro- 
vide comprehensive permanent data for 
improved patient management 





Additionally, the Trendsetter can be 
updated to accommodate blood pressure, 
pacemaker analysis, dual floppy disks 
and other options. Choose only what you 
need now and add more capability later. 

For more details on the first Holter data 
analysis systems to offer Critical Pattern 
Recognition, call or write: Del Mar Avionics, 
1601 Alton Avenue, Irvine, California 
92714, Telephone (714) 549-1500, or call toll 
free at (800) 854-0481, (in California 
800/432-8446), Telex: 68-5621. 

Trendsetter and Evaluator a 


are trademarks, Del Mar Avionics 
















































rahinan The remaining 18 patients had <2 responses, and ony 4 (22%) had ventricular Fayette. 
mal 3-vessel coronary disease was more common in patients with 23 responses. Only 5 patients demonstrat 

‘complex arrhythmia during exercise testing or ambulatory monitoring. The induction of ventricular responses 
~ during extrastimulation may serve as: an independent marker of electrical instability in the coronary population 
and is much more common in patients with ventricular dysfunction. 





CONGENITAL HEART DISEASE 


Juxtaductal Aortic Coarctation. Analysis of 84 Patients Studied Hemodynamically, Angiographically, 
aod Morphologically After Age 1 Year 


wcp. LUKE GLANCY, ANDREW G. MORROW, ALLAN L. SIMON, and WILLIAM C. ROBERTS 


Clinical, hemodynamic, angiographic, operative, and pathoanatomic features of juxtaductal aortic coarctation 
were correlated in 84 patients aged >1 year. Associated cardiovascular malformations occurred in 36 (43%). 

* Aortic valve disease, patent ductus arteriosus, mitral valve disease, and ventricular septal defect, alone or in,- 
combination, occurred in 34. Systolic blood pressures were significantly elevated for age in 80% of all patients 
and in 90% of the 70 patients operated on. Of the latter, 3. (4%) died, and each had complex associated malfor- 
mations. Blood pressure decreased after operation in most patients, but remained significantly increased for age 
late postoperatively in 25 %. Detailed histologic studies of 72 coarctation specimens disclosed the luminal nar- 
rowing to be ‘caused primarily by invagination of the elastic media cf the posterior wall of aorta toward the ductus 
or ligamentum. intimal jet lesions often caused further narrowing. The diameters of the aortic lumens correlated 
directly with the diameters measured angiographically and inversely with the prevalence of radiographically visi- 
ble rib notching, the magnitude of collateral circulation seen angiographically, and; for luminal diameters 2 1.5. 
mm, the mean pressure gradient across the coarctation. The data suggest that with luminal diameters <1.5 mm, 

- most blood reaches the descending aorta by collateral vessels. 


52 ‘Hemodynamics and Intracardiac Conduction After Operative Repair of Tetralogy of Fallot 


DOLORES TAMER, GRACE S. WOLFF, PEDRO FERRER, ARTHUR S. PICKOFF, ALFONSO CASTA, 
ASHOK V. MEHTA, OTTO GARCIA, and ARTHUR GELBAND 


Postoperative cardiac catheterization and electrophysiologic studies were done in 47 children 1 to 13 yearsafter .. 
_ surgery for tetralogy of Fallot. Fifteen had arrhythmias, and 8 of these had ventricular extrasystoles. Abnormali- 
ties of intracardiac conduction were found in-children with and without arrhythmia.and were not related to residu- 
al hemodynamics. The prognostic significance of the arrhythmias. and the conduction abnormalities will require F 
further follow-up studies. TE 


57 _ Terminal Cardiac Electrical Activity in Pediatric Patients 
¿CHRISTINE KULL. WALSH and- EHUD KRONGRAD 


To determine terminal cardiac electrical activity in children, 100 hospitalized pediatric patients were studied dur- 
ing the death process. The terminal cardiac electrical activity was bradycardic arrest throughout the death pro~ © =.) 
cess in 88% of newborns, 67 % of infants, and 64% of children. Although bradycardic arrest was still most com-. 
mon, the incidence of ventricular tachyarrhythmias increased in patients who were. beyond the neonatal period, | 
-who weighed >2.23:kg, who had congenital heart disease, or who received cardiopulmonary resuscitation. No: 
definite association could be established between arterial blood gases, electrolyte values, and type of terminal 
. cardiac electrical activity. These clinical observations support electrophysiologic data suggesting that the devel- 
„opment of ventricular fibrillation may be related to cardiac mass and the developing autonomic nervous system, 
-and therefore that it may be less likely to occur in smaller hearts. a 


2 Percutaneous Transluminal Angioplasty of Congenital Coarctation of the Aorta 
ii DONALD R. SPERLING, THOMAS J. DORSEY, MARSHALL. ROWEN, and ALAN B. GAZZANIGA 


Two cases in which congenital coarctation of the aorta was dilated using the Gruntzig technique are reported. 
.. The patients were aged 3. weeks and 11 months, and the gradients were reduced from 50'to 6 mm Hg and from | 
co.. 23.to.7 mm Hg. Surgery. was postponed and symptoms abated in the 3-week-old infant. The older patient "3. ae 
ae pulses have remained, palpable ar and blood pressures, have remamed equal for 8 months. ; 





In angina of effort, Isoptin “...was more 
effective and better tolerated than 
nifedipine...” 


B Subramanian, et al, Am J Cardiol, 1982! 


In angina of effort, Isoptin and nifedipine 
“...were equally effective... but side effects 


were more common with nifedipine.” 
JR Dawson, et al, Br Heart J, 1981? 


In angina at rest, Isoptin and nifedipine 
“are of similar efficacy... However, 
adverse effects occurred more frequently 
with nifedipine...” 

MD Winniford, et al, Am J Cardiol, 1982° 


Please see last page of this advertisement for brief summary of prescribing information. 


2090 


Dver 20 years and 18 million patient 
e@rs of experience make Isoptin the 
nist thoroughly studied of the calcium 


heannel blockers. Is it any wonder that 
Smt) abet not nifedipine or diltiazem — 
s indicated for first-line therapy of all 
orms of angina pectoris? 


efore making your choice, consider the 
ollowing clinical results. And consider 

elong history of safety and efficacy 

@t makes Isoptin one of the most 

idely prescribed calcium channel 
lockers in the world. 








Mean Maximal Exercise Time Angina Frequency 
ISOPTIN MORE EFFECTIVE! ISOPTIN AS EFFECTIVE? 


AER p< 0.01 










Minutes 
Mean chest pains/week 





Study 1 Study 3 
77) Nifedipine Isoptin Isoptin n = 27 V/A Nifedipine n = 23 
LJ Placebo Z 60 mg/day 360 mg/day i Placebo E (mean dosage, A (mean dosage, 
450 mg/day) 71 mg/day) 


Mean Maximal Work Capacity 
ISOPTIN AS EFFECTIVE” 


30 n=16 


NS 





Study 1: “Few adverse reactions were 
noted with verapamil (Isoptin); none were 
serious, and none required discontinua- 
tion... In contrast, 7 of the 32 patients 
developed side effects during nifedipine 
therapy serious enough to require its 
withdrawal...”! 


Vo, max (ml/kg/min) 


Study 2:“.. side effects with nifedipine 
occur frequently...In contrast, verapamil 
(Isoptin) was relatively free from side 
effects apart from constipation. ..”* 





Study 2 
[ ] Placebo Z Nuedipine Isoptin Study 3: “.. adverse reactions limited the 
2 60 mg/day 360 mg/day amount of nifedipine that could be 

administered; in contrast, side effects 
during verapamil (Isoptin) administra- 
tion were relatively minor and did not 
alter the dosage”? 

Please see next page for brief summary of prescribing information. 2090 
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_ Isoptin is contraindicated in severe 






cardiogenic shock, sick sinus syn- 


_ drome (if nö pacemaker is present), 
and second- or third-degree AV block. 





ISOPTIN’ 


The choice 


you have the facts. 




























left ventricular dysfunction, hypoten- 
sion (systolic pressure <90 mm Hg) or 


-larfunction or in patients who have also recently received 


_ (verapamil HCI/Knoll) 
80 mg/120 mg Tablets 


becomes easier, once 


: Cardiol §0:913-918, 1982. 


(QO Know PHARMACEUTICAL COMPAN! 





Warnings), hypotension (systolic pressure « 90 mm Hg) or 
cardiogenic shock, sick sinus syndrome (if no pacemaker 
is present), 2nd- or 3rd-degree AV block. Warnings: ISOPTIN 
should: be avoided in patients with severe left ventricular 






























‘dystunction (e.g, ejection traction < 30%) or moderate to 
severe symptoms of cardiac failure. Control milder heart 


failure with optimum digitalization and/or diuretics before 
ISOPTIN is used. ISOPTIN may occasionally produce hypo- 
tension (usually asymptomatic. orthostatic, mild, and 
controlled by decrease in ISOPTIN dose). Occasional 
elevations of liver enzymes have been reported; patients 
teceiving ISOPTIN should have liver enzymes monitored 
periodically Patients with atrial flutter/fibrillation and an 
accessory AV pathway (e.g. WPW or L-G-L syndromes) may 


| develop avery rapid ventricular response after receiving 


ISOPTIN (or digitalis). Treatment is usually D.C.-cardiover- 
sion: AV block may occur (31rd degree, 0.8%). Development 
of marked Ist-degree block or progression to 2nd- or 3ra- 
degree block requires reduction in dosage or, rarely, dis- 
continuation and institution of appropriate therapy. Sinus 
bradycardia. 2nd-degree AV- block, sinus arrest, pulmo- 


“nary edema, and/orsevere hypotension were seen in some, 


critically: ill patients with hypertrophic cardiomyopathy 
who were treated with ISOPTIN. Precautions: ISOPTIN should 
be given cautiously to patients with impaired hepatic 
function (in severe dysfunction use about 30% of the nor- 
mal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval: 
or other signs of overdosage. Studies in a small number. 

of patients suggest that concomitant use of ISOPTIN and 
beta blockers may be beneficial in patients with chronic 
stable angina: Combined therapy can also have adverse 
eifects on cardiac function, Therefore, until further studies 
are completed, ISOPTIN should be used alone. it pos: 

‘gible, H combined therapy is used, patients should be” 
monitored closely Combined therapy with ISOPTIN and. 
propranolol should usually be avoided in patients with AV’ 
conduction abnormalities. and/or depressed left ventricu- 


methyldopa. Chronic ISOPTIN treatment increases serum 
digoxin levels by 50% to 70% during the first week of Bey 
therapy. which can resultin digitalis toxicity. The digoxin. o o cos 
dose should be reduced when ISOPTIN is given; and the pa- 
tent carefully monitored. ISOPTIN may have an additive 
hypotensive eflect in patients receiving blood-pressure- n 
lowering agenis: Disopyramide should not be given within 
48 hours before or: 24 hours after ISOPTIN administration. 
Until further data are obtained, combined ISOPTIN and 
quinidine therapy in-patients with hypertrophic car Be 
diomyopathy should probably be avoided, since signifi ... 
cant hypotension may result. Adequate animal 
carcinogenicity studies have not been pertormed. One 
study in rats did not suggest a tumorigenic potential, and 
verapamil was not mutagenic in the Ames test. Pregnancy. 
Category C : There are no adequate and well-controlled 
studies.in pregnant women. This drug should be used dur 
ing pregnancy. labor. and delivery only if clearly needed... 








`< Ttis not known whether verapamil is excreted in breast 


milk; therefore, nursing should. be discontinued during 
ISOPTIN use; Adverse Reactions: Hypotension (2.9%), 
petipheral edema (17%), AV block: 3rd degree (0. 363, oe 
bradycardia: HR<50/min (1.1%), CHF or pulmonary edema 
(0.9%), dizziness (3.6%), headache (1.8%), tatigue (1.1%). 
constipation (6.3%), nausea (1.6%). The following reac- 
tions, reported in less than 0.5%, occurred under ue 
circumstances where a causal relationship is not certain: © 
contusion, paresthesia, insomnia, somnolence, eguile 
brium disorders. blurred vision, syncope, muscle cramps, ° 
shakiness, claudication, hairloss, maculae, and spotty 
menstruation. Overall continuation rate of 94.5% in 1,166 
patients. How Supplied: ISOPTIN (verapamil HC) is sup-. 
plied in 80 mg and 120 mg sugar-coated. tablets. : 
July 1982. 206: 
References: 1. Subramanian B, Bowles MJ, KhurmiNS, etal 
Rationale forthe choice of calcium antagonists in chronic 
stable angina. An objective double blind placebo- : 
controlled comparison of nifedipine and verapamil. Amd.) s 
Cardiol §0:1173-1179, 1982.2, Dawson JR, Whitaker NHG, 
Sutton GC: Calcium antagonist drugs in chronic stable — ened 
angina: Comparison. of verapamil and nifedipine. BrHeart J 
46:508-512, 1981. 3. Winniford MD, Johnson SM, Mauritson 
DR, et al: Verapamil therapy for Prinzmetal's variant’ ; 
angina: Compatison with placebo and nifedipine. Am i 
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MISCELLANEOUS TOPICS 


565 -Subepicardial Adipose Tissue Producing Eotidcardiog: ok Appearance of Pericardial Etfusion. 
_ Documentation by Computed Tomography and Necropsy 


JEFFREY M. ISNER, BARBARA L. CARTER, WILLIAM C. ROBERTS, and MARK S. BANKOFF 








Computed tomographic i imaging and necropsy examination were used to study the basis for an isolated: anterior 
‘echo-free space in 3 patients and a combination anteroposterior echo-free space in 2 patients. In all 5 patients 
e echo-free spaces were determined to represent subepicardial adipose tissue. In 2 patients with cardiac ne 
lasms, the echo-free ‘Space caused by fat was interposed between the overlying neoplasm and the underlyin 
myocardium. These. findings confirm that subepicardial fat is the basis for the finding of an isolated anteric 
~ echo-free. space as weil'as for echocardiograms preview reported as being falsely positive for apna 
~ effusion in patients with a cardiac neoplasm. 








































oe 570. Exercise-induced Cardiac Dysfunction in Sickle Cell Anemia. A Radionuclide Study 


WESLEY COVITZ, CASIMIR EUBIG, IAN C. BALFOUR, RAJINDER JERATH, BRUCE S. ALPERT, 
WILLIAM. B. STRONG, and ROBERT H. DuRANT, With the technical assistance of BONNIE G. HADDEN © 


The objective of this study was to characterize the abnormalities of cardiac function that result in poor exercise ; 
: performance in adolescents with sickle cell anemia. Cardiac performance was studied by radionuclide anglogre 
-= phy at rest and during exercise in 22 patients and 12 control subjects. At maximal exercise, the heart rate, jec- 


tion fraction, and percent increase in cardiac output weres 


|» put response was related to the severity of anemia. A decrease i in left ventricular end-diastolic volume. at maxi- 

Mal exercise was noted in the sickle cell patients and was associated with a reduced cardiac output response. : 
Exercise intolerance appears, therefore, to be due to the demands: put on the circulation by the anemia itself; 
however, the ability of the heart to cope is reduced as abnormalities of systolic and diastolic function develop. . 


METHODS 


76 Variability. of Digitized Echocardiography: Size, Source, and Means of Reduction | 
CHARLES POLLICK, PETER J. FITZGERALD, and RICHARD. L. POPP 


The technical and biologic variability of digitized M-mode echocardiographié measurements. of the left. ventricles 
was assessed. Technical variability was small, with correlation coefficients of 0.70 to 1.00 between and withi 
observers. Biologic variability was large, with expected normal differences. between 2 measurements: (95% 
confidence limits) of 11 to 55%, and 37 to 106% for standard dimensions and rates of change, respectively. B 
averaging measurements of 5 beats from each of 2 days, the expected normal differences are reduced 106 to 
32%, and 23 to 63% for standard dimensions and rates of change. This study emphasizes the large biologic” 
variability and rates of change of digitized left ventricular measurements. Normal variation between studies can 
be reduced and real physiologic or pathologic changes perceived best if many beats from more than 1 dey a are 
measured, 


583 “Lett Ventricular Isovolumic Pressure Decay and Diastolic Mechanics After Postextrasystolic i 
Potentiation and During Exercise 


JOHN D. CARROLL, RENÉ WIDMER, OTTO M. HESS, HEINZ O. “HIRZEL, ‘and HANS P. KRAYENBL 


Left ventricular contraction, relaxation, and diastolic mechanics were examined in man after postextrasy 
potentiation and contrasted with dynamic exercise. Twelve patients had extrasystoles induced during left 
tricular cineangiography (PES Group). Six patients with no or minimal cardiovascular disease underwent ex: 
cise (Exercise Group). From high-fidelity pressure curves the time constant of relaxation, a theoretical basel 
for isovolumic pressure decay, and the lowest diastolic pressure were determined. Frame-by-frame analysis ; 
<; was used to quantitate filling and to construct diastolic pressure-volume relations. It is concluded that postex-. 
~ trasystolic potentiation, like dynamic exercise, enhances shortening and augments restoring forces by prod 

. ing a-smaller end-systolic chamber. Yet postextrasystolic potentiation prolongs relaxation. Diastolic mechanic 
‘are not subsequently altered, suggesting that enhanced restoring forces counterbalance the slower inactivation 
With exercise diastolic "ing is enhanced, with -both more rema. pressure: By and increased restoring 
forces. : i ; ; gi 


Continued on Page A40 | 





Comparieon ot the Antithrombotic Action a Galei. Antagonist Drugs With Dipyridamote in i Dogs : 
; -CHARLES W: PUMPHREY, VALENTIN FUSTER,. MRINAL K. DEWANJEE, JAMES H.: CHESEBRO, 

~ RONALD E. VLIETSTRA, and MICHAEL P. KAYE, With the technical assistance of JOHN RITTER and 
2 JAMES ROSEMARK 











































- Because platelet activation involves a flux of calcium into the cytoplasm, calcium antagonist drugs such as vera- 

-< pami! and nifedipine. may have value as platelet inhibitor drugs. Thus, the antithrombotic effects of these drugs 
_ in preventing indium-111~labeled platelet depositi on and thrombus formation in bilateral polytetrafluoroethylene 
< femorofemoral artery grafts i in mongrel dogs were compared with those of dipyridamole, an established platelet 
2 inhibitor drug, and isotonic saline solution. Verapamil, nifedipine, and dipyridamole significantly reduced indium- 
111~labeled platelet deposition and the weight of thrombus in the grafts after. 3 hours of blood flow compared 
with saline infusion. The calcium antagonist. drugs are as effective as dipyridamole in preventing thrombus for- 
mation through inhibition of platelet deposition in this model but require further study in humans. 


“Influence of Intracoronary Platelet Aggregation on Ventricular Electrical Properties During Partial 
sy _ Coronary Artery Stenosis 
“PETER R. KOWEY, “RICHARD L. VERRIER, BERNARD LOWN, and ROBERT i HANDIN 


Clinical studies have: suggested that drugs which inhibit platelet function may protect against sudden death after 
myocardial infarction. That intracoronary platelet aggregation causes cardiac arrhythmia, however, has not been 
“proven. Induction of coronary stenoses in dogs resulted in-cyclical flow reductions, previously demonstrated to 

~ be associated with endothelial formation of platelet aggregates. These reductions were accompanied by a sig- 

- nificant lowering of the vulnerable period threshold. Prostacyclin and. indomethacin each caused a decrease in 
the frequency and intensity of the coronary flow reductions and returned the ventricular fibrillation threshold to 
control levels. The mechanism. of flow. reduction appears to be mechanical blockade of the vessel lumen by » 

-` platelet thrombi. These results suggest that intracoronary platelet. aggregation contributes to electrical instability 

- and may predispose to ventricular. tachyarrhythmias. A model is thus available for further work on the role of 
antiplatelet drugs ir in the prevention of sudden cardiac death: 


EDITORIAL _ 


Congestive Heart Failure: A Propitious Time for Intensified Research 
EUGENE BRAUNWALD, MICHAEL .M. MOCK, and JOHN T. WATSON 





POINT OF VIEW 


CA More Meaningful Scoring System for Determining the Severity of Coronary Heart Disease 
GOFFREDO G...GENSINI 


_ Pericardial Windows Are Suboptimal 
DAVID H. SPODICK 


. Instructions to Authors 


os BRIEF REPORTS 
9 Ventricular Flutter During Treatment With Amiodarone 
n GUANGGENG CUI, WEIMIN HUANG, and FERDINAND URTHALER 


Myocardial Ischemia in Anomalous Origin of the Right Coronary Artery From the Pulmonary Trunk. 
roof of a Coronary Steal 

GARY S. MINTZ, ABDULMASSIH S. ISKANDRIAN, CHARLES E, BEMIS, ELDRED D. MUNDTH, and 
JOHN S. OWENS 


Blood Cyst of the Papillary Muscle. Clinical, Echocardiographic, and Anatomic Observations 


|? ANDREW M: HAUSER, KAMALSINGH RATHOD, JANET McGILL, BARBARA F. ROSENBERG, 
SEYMOUR GORDON, and GERALD C. TIMMIS 





- Transmural ischemia During Preexercise HypervemHatioi , 
< BERNHARD H. LISKER cand SANFORD E. LEFF 






: ‘wo Diension Echocardiographic Detection of Right A Atrial 1 








KAON CL-10 


: potassium chloride 
Omeg controled release tablets 


5 ETET LABORATORIES INC., Columbus, Ohio 43215 
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One system 
_ your cardiology 


Or hg B. 
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t meets 





imaging needs. 





The cart-mounted mobile system can be taken 
aegne it's needed. Compact and totally 
f-contained, it includes an integral stri 


chart recorder, a video tape recorder, and an 
alphanumeric ‘ke eyboard. 


Hewlett-Packard’s new Cardiac 
Imaging System (77020AC) is a 
full-featured ultrasound system 
specifically designed for echo- 
cardiography. Applying HP’s 
own microprocessor-based, 
phased-array, imaging technol- 
ogy, it provides all the imaging, 
storage, and cardiac perfor- 
mance analysis needed for rapid, 
quality cardiology workups. 


Improved quantitative 
evaluations. 

HP’s new imaging system allows 
the echocardiographer to make 
thorough quantitative cardiac 
evaluations either during the 
exam or afterwards on prere- 
corded tape. Cardiac dimen- 
sions at end-systole and end- 
diastole can easily be calculated 
right on the display screen. For 
greater accuracy, the same meas- 
urement can even be made from 
the same or differing images 
using the simultaneous sector 
scan and M-mode display. And 


the system computes the aver- 
age value automatically. 


In addition, valve areas, ejection 
fraction values, slopes, and ven- 
tricular volumes are all calcu- 
lated on the display screen. And 
you can select from a menu of 
accepted methods for calculating 
chamber volumes. 


In-depth qualitative analysis. 
After examination, a hard-copy 
report of the findings can be 
made. This report lists both mea- 
surements and computations 
made during the exam, and can 
include clinical observations and 


patient identification information. 


For complete image storage and 
recall, the integrated video tape 
system automatically searches 
for and stops at selected points 
on the tape. 


Simplified operation, superior 
image quality. 

All major controls are conve- 
niently located in one central 
area. And because the system 
requires only a 
minimum of 
control adjust- 
ment, the oper- 


ator can move 

rapidly from pa- 

tient to patient. 

Our built-in 

self-test capa- Quantitative analysis 

bility assures on both the 2-dimen- 
y sional image and the 

the operator M-mode is easily 

that everythin accomplished by 

à 3 a 5 8 using an electronic 

is functioning  cursorand calipers. 

properly. 


Along with exceptional opan 
ating ease, the system of 
extraordinarily high resolution 
images and a wide field of view. 
And since the entire field of view 
isin focus at all times, shallow as 
well as deep structures can be 
seen on the same picture. 


ARTENE 








The computer-based advantages 
of the HP system. 

Unlike conventional echocardio- 
graphs, HP’s new Cardiac Imag- 
ing System is built around three 
high-speed microcomputers. 
They provide software- 
controlled imaging and data 
processing and a wide range of 





You can select 2-dimensional sector, M-mode, 
and independent dual ECG trigger presenta- 
tions simultaneously on the same screen. 


programs for imaging alterna- 
tives. The system can be updated 
by changing its electronic 
“chips.” And digital electronics 
and microcomputer circuitry 
also ensure a new level of 
dependability and allow for 
future enhancements. 


In the future, computerization 
will play an ever-increasing role 
in ultrasonography. Today, 
Hewlett-Packard already offers 
a computer-based ultrasound 
system. 


For more complete information 
on the new Hewlett-Packard 
Model 77020AC, contact your 
local HP sales office, or write to 
the Inquiries Manager, Cardiac 
Imaging Systems, Hewlett- 
Packard, 100 Fifth Avenue, 
Waltham, MA 02254. 
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Yourangina patients“ can become Tore 

active now...with PROCARDIA protection. 
They'll be pain-free more of the time! and 

find their need for nitroglycerin greatly 
reduced? They'll be able to work harder, 
exercise more? And be more active participants 
in their own lives once again. 


feeling better...doing more 


(NIFEDIPINE) °°” 


*Procardia is indicated for the management of: 

¢ Confirmed vasospastic angina 

* Angina where the clinical presentation suggests a possible vasospastic component 

* Chronic stable angina without evidence of vasospasm in patients who remain symptomatic despite adequate doses of 
beta blockers and/or nitrates or who cannot tolerate these agents. In chronic stable angina (effort-associated angina) 
Procardia has been effective in controlled trials of up to eight weeks duration in reducing angina frequency and 
increasing exercise tolerance, but confirmation of sustained effectiveness and evaluation of long-term safety in these 
patients are incomplete 
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PROCARDIA 


(NIFEDIPINE) °°”? 


—Usual effective dosage 
is 30-60 mg/day 


For most patients, titrate over 7 to 14 days, using the 
patient's blood pressure response, attack frequency, 
sublingual nitroglycerin intake and activity level as a 
guide. Titration may be more rapid (e.g., 3 days) if 
symptoms warrant and the patient is observed closely. 


Because Procardia decreases peripheral vascular 
resistance, careful monitoring of blood pressure during 
initial administration and titration is suggested. Close 
observation is especially recommended for patients 
taking medication known to lower blood pressure. 


_—Offers a favorable 
safety profile 


References: 


Most frequently reported side effects, usually mild, are 
dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each 
occurring in about 10% of patients, transient 
hypotension in about 5%, palpitation in about 2% and 
syncope in about 0.5%. 


1. Stone PH, Turi ZG, Muller JE: Efficacy of nifedipine therapy for refractory angina pectoris. Am Heart J 
104:672-681, September 1982 

2. Antman E, Muller J, Goldberg S, el al: Nifedipine therapy for coronary-artery spasm: Experience in 
127 patients. N Eng J Med 302: 1269-1273, June 5, 1980 

3. De Ponti C, De Biase AM, Pirelli S, et al: Effects of nifedipine, acebutolol, and their association on 
exercise tolerance in patients with effort angina. Cardiology 68 (suppl 2): 195-199, 1981 
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BRIEF SUMMARY } . 
PROCARDIA! CAPSULES For Oral Use 


(nifedipine à iat 
INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the 
management of vasospastic anga confirmed by any of the following criteria: 1) classical pattern 
of angina at rest accompanied by ST segment elevation, 2) angina or coronary artery spasm pro- 
voked by ergonovine, or 3) angiographically demonstrated coronary artery spasm. In those patients 
who have had angiography, the presence of significant fixed obstructive disease is not incompatible 
with the diagnosis of vasospastic angina, provided that the above criteria are satistied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but 
where vasospasm has not been confirmed, e.g., where pain has a variable threshold on exertion or 
in unstable angina where electrocardiographic findings are compatible with intermittent vaso- 
spasm, or when angina is refractory to nitrates and/or adequate doses of beta blockers. 

ll. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for 
the management of chronic stable angina (effort-associated angina) without evidence of vasospasm 
in patients who remain symptomatic despite adequate doses‘of beta blockers and/or organic nitrates 
or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled 
trials of up to eight weeks duration in reducing angina frequency and increasing exercise tolerance, 
but confirmation of sustained effectiveness and evaluation of long-term safety in those patients are 
incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and 
beta blocking agents may be beneficial in patients with chronic stable angina, but available infor- 
mation is not sufficient to predict with confidence the effects of concurrent treatment, especially in 
patients with compromised left ventricular function or cardiac conduction abnormalities. When in- 
troducing such concomitant therapy, care must be taken to monitor blood pressure closely since 
severe pene can occur from the combined effects of the drugs. (See Warnings.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 

WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of 

PROCARDIA is modest and well tolerated, occasional patients have had excessive and poorly tol- 

erated hypotension. These responses have usually occurred during initial titration or at the time of 

EUEN upward dosage adjustment, and may be more likely in patients on concomitant beta 
lockers. 

Severe ae and/or increased fluid volume requirements have been reported in patients 
receiving PROCARDIA together with a beta blocking agent who underwent coronary artery bypass 
surgery using high dose iid: anesthesia. The interaction with high dose fentanyl appears to be 
due to the combination of PROCARDIA and a beta blocker, but the possibility that it may occur with 
PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with other narcotic 
analgesics cannot be ruled out. 

Increased Angina: Occasional patients have developed well documented increased frequency, du- 
ration or severity of angina on starting PROCARDIA or at the time of dosage increases. The mech- 
anism of this response is not established but could result from decreased coronary perfusion 
associated with decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone. 

Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a with- 
drawal ov with increased angina, probably related to increased sensitivity to catechol- 
amines. Initiation of PROCARDIA treatment will not prevent this occurrence and might be expected 
to exacerbate it by provoking reflex catecholamine release. There have been occasional reports of 
increased angina ina setting of beta blocker withdrawal and PROCARDIA initiation. Itis important 
ne ly blockers if possible, rather than stopping them abruptly before beginning 
Congestive Heart Failure: arti patients, usually receiving a beta blocker, have developed heart 
ae after beginning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for 
such an event. 

PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular re- 
sistance, careful monitoring of blood pressure during the initial administration and titration 
of PROCARDIA is suggested. Close observation is especially recommended for patients already 
taking medications that-are known to lower blood pressure. (See Warnings.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vaso- 
dilation and not due to left ventricular dysfunction, occurs in about one in ten patients treated with 
PROCARDIA. This edema occurs primarily in the lower extremities and usually responds to diuretic 
therapy. With patients whose angna is complicated by congestive heart failure, care should be taken 
to differentiate this peripheral edema from the effects of increasing left ventricular dysfunction. 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Warnings. ) Experience 
in over 1400 patients in a non-comparative clinical trial has shown that concomitant administration 
of PROCARDIA and beta-blocking agents is usually well tolerated, but there have been occasional 
literature reports suggesting that the combination may increase the likelihood of congestive heart 
failure, severe hypotension or exacerbation of angina. 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have 
been no controlled studies to evaluate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve 
normal volunteers. The average increase was 45%. Another investigator found no increase in di- 
goxin levels in thirteen patients with coronary artery disease. In an uncontrolled study of over two 
hundred patients with congestive heart failure during which digoxin blood levels were not meas- 
ured, digitalis toxicity was not observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjust- 
ing, and discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Carcinogenesis, mutagenesis, impairment of fertility: When given to rats prior to mating, nife- 
dinine caused reduced fertility at a dose approximately 30 times the maximum recommended hu- 
man dose. 

Pregnancy: Category C. Please see full prescribing information with reference to teratogenicity in 
rats, embryotoxicity in rats, mice and rabbits, and abnormalities in monkeys. 

ADVERSE REACTIONS: The most common adverse events include dizziness or light-headedness, 
peripheral edema, nausea, weakness, headache and flushing each occurring in about 10% of pa- 
tients, transient hypotension in about 5%, palpitation in about 2% and syncope in about 0.5%. 
Syncopal episodes did not recur with reduction in the dose of PROCARDIA or concomitant antian- 
ginal medication. Additionally, the following have been reported: muscle cramps, nervousness, 
dyspnea, nasal and chest congestion, diarrhea, constipation, inflammation, joint stiffness, shaki- 
ness, sleep disturbances, blurred vision, difficulties in balance, dermatitis, pruritus, urticaria, fe- 
ver, sweating, chills, and sexual difficulties. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the nat- 
ural history of the disease in these patients. It remains possible, however, that some or many of 
these events were drug related. Myocardial infarction occurred in about 4% of patients and conges- 
tive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction distur- 
bances each occurred in fewer than 0.5% of patients. 

Laboratory Tests: Rare, mild to moderate, transient elevations of enzymes such as alkaline phos- 
phatase, CPK, LOH, SGOT, and SGPT have been noted, and a single incident of significantly ele- 
vated transaminases and alkaline phosphatase was seen in a patient with a history of gall bladder 
disease after about eleven months of nifedipine therapy. The relationship to PROCARDIA therapy is 
uncertain. These laboratory abnormalities have rarely been associated with clinical symptoms. 
piesne possibly due to PROCARDIA therapy, has been reported twice in the extensive world 
iterature 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. 
PROCARDIA CAPSULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069- 
2600-72), and unit dose (10x10) (NDC 0069-2600-41). The capsules should be protected from 
light and moisture and stored at controlled room temperature 59° to 77°F (15° to 25°C) in the man- 
ufacturer's original container. 


More detailed professional information available on request. 


© 1982, Pfizer Inc. 
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The totally new MIKRO-TIP® MT-10™ pressure 
sensor, manufactured with the latest semiconductor 
technology, is extremely durable, with several times 
the impact resistance of previous sensors. It is insen- 
sitive to ambient light and to changes in temperature 
and provides accurate, high fidelity pressure 
measurements with exceptional baseline stability. 

In addition, transducers with the new MT-10 
pressure sensor have all the excellent features of our 
previous transducers, such as good linearity, negligible 
hysteresis, large output signal with good signal-to-noise 
ratio, and high frequency response for the detection of 
intracavitary sounds. 

The new MT-10™ pressure sensor has been used 
selectively in transducers for many months and is now 
the standard pressure sensor in all MIKRO-TIP® 
Catheter Pressure Transducers, size 5F (1.7mm o.d.) 
and larger. These transducers are compatible with ex- 
isting Millar accessories. 


Our MT-.10™ Pressure Sensor mak 








ey, ‘ 
es it all possible 

Millar offers a wide variety of catheter pressure 
transducers for applications in Cardiology, Urology and 
Gastroenterology. Models are available with one or 
more pressure sensors optionally with lumen(s) for 
simultaneous fluid sampling or high speed injection. 
Also available are models with a fluid-velocity sensor 
and one or more pressure sensors. Catheter sizes 
range from 3F (1mm o.d.) through 9F (3mm o.d.). You 


select the size and configuration that’s right for your 
specific need. 


For complete information contact Millar, the world’s 
largest manufacturer of high fidelity catheter-tip pressure 
transducers for clinical and research applications. 


MILLAR 


MILLAR INSTRUMENTS, INC., P.O. Box 18227, Houston, Texas 77223, U.S.A. 
Telephone: (713) 923-9171 Telex: 791288 Cable: MILLARUSA 












E Only a few cents more than generic digoxin 
E Only Burroughs Wellcome 
processes digoxin from leaf to tablet 
E Burroughs Wellcome | 
developed digoxin 
E There are many gen 
but only one Lanoxin® — 
E Continuing education 
programs about digoxin are 
available for physicians 
E Burroughs Wellcome Co. 
continues to support research 
on digitalis therapy 









Write “D.A.W. ,” “No Sub /” or “Medically Necessary ,” 
as your state requires, to make sure 
your patient receives the original digoxin. 


Research Triangle Park 


Burroughs Wellcome Co. 
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Effect of Coronary Artery Bypass Grafting on 


Subsequent Hospitalization 


LLIAM M. HAMILTON, PhD, KARL E. HAMMERMEISTER, MD, 
THY A. DeROUEN, PhD, MAY S. ZIA, MS, and HAROLD T. DODGE, vo 


: rates of hospitalization during follow-up for a 
ched pair cohort of medically and surgically 
ed patients from the Angiography Registry of 
le Heart Watch were compared. Medically and 
gically treated patients were matched according 
ent of disease, left ventricular ejection fraction, 
and 3 other survival rate-related characteris- 
ere was a 26 % reduction in cardiovascular 
zations in the surgically treated patients 
ear) compared with the medically treated 

(26 %/year). This was due to a significant 

tion in hospitalization rate for myocardial in- 

ı (surgically treated patients 1.1% /year, 
sally treated patients 2.6 %/year), and for other 
diovascular reasons (surgically treated patients 


is now reasonable evidence to document the ef- 
i f coronary artery bypass grafting in prolonging 
al (left main disease! and 3-vessel disease”) and 
symptoms of severe angina." However, the 
coronary artery bypass surgery in reducing 
easures of morbidity such as frequency of hos- 


eterans Administration Medical Center, and the Division of 
rand Department of Biostatistics, University of Washington, 
Washington. This research was: supported by Veterans Ad- 
tion Institutional funds, Washington, D.C., and Grant HL 18805 
tional. Heart, Lung, and Blood Institute, the National Institutes 
thesda, ‘Maryland. Manuscript received March 16, 1982; 


meets received Septembar 2; 1982, accepted September. 


12. 5 % year. medically treated patients 15. 7% 
year). No significant (p = 0.146) reduction occur 

in hospitalization rate for chest pain not due 
myocardial infarction (surgically treated pati 

5.6 %/year, medically treated patients 7.7 % /y 
When the perioperative infarctions are inclu 

the surgical cohort, the overall myocardial infar 

rate is not significantly different (p = 0.173) | 
tween the 2 treatment groups (surgically treate 
patients 1.9%/year, medically treated patients 
2.6 %/year). Acute myocardial infarction was an 
uncommon reason for hospitalization, accounting 
for only 8% (55 of 685) of all cardiovascular hos- 
pitalizations, and was not related to the number of 
stenotic vessels in medically treated patients. _ 


pitalization has not been previously reported. T 
purpose of this report is to compare the rates of hos 
talization during follow-up of a well-characte 
nonrandomized, matched pair cohort of medic 
surgically treated patients with coronary artery i 
from the Angiography Registry of Seattle H i 
Watch. i 


Methods 


The Angiography Registry of Seattle Heart Watch wa: 
cooperative; community-wide registry of patients undergo 
coronary arteriography. for suspected: coronary. disea 
Treatment (medical or surgical) assignment was made 
nonrandom basis by the patient's physician(s). Th i 


-cohort consists of patients who were operated upon bet 


1968 and 1974 inclusively, and repr sents 94% (1,8 
of all patients undergoing dite tdi 









during this period in Seattle. From the 1,870 surgically and 
46 medically treated patients initially entered into Seattle 
eart Watch, 287 pairs were selected by matching 1 surgical 
with 1 medical patient according to 7 variables determined 
reviously by multivariate analyses to be predictive of sur- 
ival.° These variables are ejection fraction, ventricular ar- 
-rhythmia on electrocardiography, age, heart murmur, left 
jain coronary artery stenosis 250%, number of vessels with 
tenosis(es) 270%, and diuretic use. Ninety-seven percent 
279 of 287) of operated patients had angina; in 44% (126 of 
87) this was thought to be unstable. Both the mean number 
f grafts and the mean number of stenotic vessels (270%) per 
atient were 1.7. Of the 99 operated patients undergoing re- 
eat arteriography, an average of 6 months postoperatively, 
56% (55-of 99) had all grafts patent; 34% (34 of 99) at least 1 
tent graft, but 1 or more occluded grafts; and 10% (10 of 99) 
d total occlusion of all grafts. Myocardial protection tech- 
iques were those commonly used during this period (1968 to 
974). Systemic, topical hypothermia, or both, were used in 
9% (226 of 287), but 21% (61 of 287) were operated at nor- 
mothermia. 

Follow-up for death and hospitalization was by mailed 
juestionnaire at 6-month intervals. Mean follow-up was 6.1 
‘ears for medically treated patients and 6.2 years for surgically 
reated patients. Follow-up has been complete in 92% (263 of 
87) of medically treated patients and in 97% (277 of 287) of 
surgically treated patients. Death occurred in 22% (62. of 287) 
f the medically treated patients, but only 11% (21 of 287) of 
he surgically treated patients. Reasons for hospitalization 
were classified as nonfatal myocardial infarction, chest pain 
not due to myocardial infarction (includes unstable angina), 
other cardiovascular causes, and noncardiovascular disease. 
_ Diagnoses included among other cardiovascular causes were 
atherosclerotic heart disease, rhythm disorders, congestive 
heart failure, embolization, defibrillation, pacemaker im- 
_ plantation, and repeat cardiac catheterization. Hospitaliza- 
ions culminating in death are not included in this report, so 
as to not overlap with our other analyses on survival 
rates: ©? 

_¢ Tf apatient reported he had been hospitalized for myocar- 
dial infarction, heart attack, or symptoms thereof, confir- 
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‘mation of myocardial infarction was obtained from the pa- 


wo ET y, +-— = -J 


(193) 













tient’s physician. To ascertain the accuracy of classification 
of reason. for hospitalization into myocardial infarction or 
chest pain (not: myocardial infarction) categories, one of the 
investigators (KEH) reviewed the discharge summaries, serum: A 
enzyme data, and electrocardiograms on 29 randomly selected _ 
hospitalizations in these categories. A diagnosis of myocardial 
infarction was confirmed if any 2 of the following 3 were 
present: (1) history of prolonged ischemic pain, (2) typical 
serum enzyme increase and decrease, and (3) appearance of 
new Q waves on the electrocardiogram. This review agreed 
with the coded diagnosis in 83% (24 of 29). The electrocardi- 
ograms of all patients coded as having a perioperative in- 
farction by their physician were reviewed by one of the in- 
vestigators (KEH); A diagnosis of perioperative infarction was 
confirmed if, within 1 week after surgery, there were newQ. 
waves 20.02 second in duration or if existing Q waves had 
widened by 20,02 second. 

Rates of hospitalization were determined by dividing the 
number of events (hospitalizations) experienced by the total 
number of person-years of follow-up time for individual pas.. 
tients and for groups. ogee 

Determinations of differences between hospitalization rates. < 
for medically versus surgically treated patients used the 
Wilcoxon signed rank test!° on paired differences in patient 
rates. Actuarial curves were constructed to compare time with... — 
first hospitalization. Zero time is taken as the date of coronary -< 
arteriography for medically treated patients and the date of 
surgery for surgically treated patients. 


Results 


There were no significant differences between the 2 
treatment groups in frequency of unstable angina, | 
cardiomegaly, left ventricular hypertrophy on electro: 
cardiography, resting S-T segment depression or ele- 
vation, mitral regurgitation, S; gallop, use of digitalis, 
or left ventricular end-diastolic pressure, as well as the 
7 matching variables. However, some differences ir 
baseline characteristics between medically and surgi 
cally treated patients were observed. More surgica 
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FIGURE 1. Actuarial display of time to first hos : 
pitalization. for nonfatal myocardial infarction. 
(excluding perioperative myocardial infarctions) 
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TABLE | Number and Rate of Hospitalizations for Myocardial Infarction Per 1,000 Patient-Years of Follow-Up (Perioperative 


Infarction Not Included) 








T 








Medically Surgically 
Treated Patients : Treated Patients 
Group n Hosp Rate n Hosp Rate p 
1 Vessel 140 19 25 140 11 14 0.128 
2 Vessel 97 10 22 97 7 12 0.215 
3 Vessel 50 8 30 50 0 0 0.012 
All patients 287 37 26 287 18 11 0.004 


Hosp = number of hospitalizations; n = number of patients In each subgroup; p = significance of difference in hospitalization rates between 


medically and surgically treated patients. 


TABLE Il Number and Rate (Per 1,000 Patient-Years of Foliow-Up) of Hospitalizations for Myocardial Infarction (Including 


Perioperative Myocardial Infarction) 

















Medically Surgically 
Treated Patients Treated Patients 
Group n Hosp Rate n Hosp Rate p 
1 Vessel 140 19 25 140 17 21 0.705 
2 Vessel 97 10 22 97 11 19 0.557 
3 Vessel 50 8 30 50 2 9 0.059 
All patients 287 37 26 287 30 14 0.173 





Abbreviations as In Table I. 


patients were in functional class IIT or IV (175 of 287, 
61%) compared with medically treated patients (92 of 
287, 32%; p <0.01). This difference in functional class 
` was consistent with the exercise results; mean functional 
aerobic impairment (percent decrement from age, sex, 
and activity status predicted maximal oxygen uptake) 
was 39 + 24% for surgically treated patients and 33 + 
24% for medically treated patients (p'<0.05). On the 
other hand, the medically treated patients had a higher 
frequency of prior myocardial infarction (148 of 287, 
52% compared with 118 of 287, 39%; p <0.01). This 
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Probability of No Hospitalization for 
Nonfatal Myocardial Infarction 
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FIGURE 2. Actuarial display of time to first nonfatal 
myocardial infarction including perloperative myocardial 
infarctions. 


0.8- 


probably accounted for the slightly larger end-diastolic 
volume in medically treated patients (75 + 26 ml/m?) 
compared with surgically treated patients (68 + 22 
ml/m?; p <0.01). 

Table I compares the rates of hospitalization for 
myocardial infarction during follow-up of medically and 
surgically treated patients. The rate of hospitalization 
for myocardial infarction during follow-up in surgically 
treated patients (1.1%/year) is less than half that of 
medically treated patients (2.6%/year); the subgroup 
with the largest difference was comprised of patients 
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TABLE Ill Number and Rate of Hospitalizations for Chest Paln (Not Myocardial Infarction) Per 1,000 Patlent-Years of 
Follow-Up : 
Medically Surgically 
Treated Patients Treated Patients 
Group n Hosp Rate n Hosp Rate p 

1 Vessel 140 68 90 140 61 75 0.426 
2 Vessel 97 29 64 97 25 44 0,600 
3 Vessel ` 50 14 60 50 4 17 0.069 
All patients 287 111 77 287 90 56 


Abbreviations as In Table |. 


TABLE IV Number and Rate of Hospitallzations for Other Cardiovascular Reasons Per 1,000 Patlent-Years of Follow-Up 




















Medically Surgically 
Treated Patients Treated Patients 
Group n Hosp ; Rate n Hosp Rate p 
1 Vessel 140 115 152 140 112 138 0.203 
2 Vessel 97 79 173 97 47 82.2 0.001 
3 Vessel 50 33 142 50 43 183 0.978 
All patients 287 227 157 287 202 125 0.004 





Abbreviations as in Table |. 


TABLE V Distribution of “Other Cardiovascular” 
Hospitalizations by Reason and Treatment 


Medically 








Surgically 





Reason Treated Patients Treated Patients 
ASCVD 44 40 
Rhythm disturbance 29 14 
Surgery (cardiac) 40 9 
CHF 43 5 
Stroke 14 6 
Peripheral vascular disease 15 19 
Embolism 1 6 
Defibrillation 1 0 
Pacemaker 7 1 
Cardiac catheterization 63 93 
Other 0 9 
Total 227 202 





ASCVD = atherosclerotic cardiovascular disease; CHF = congestive 
heart failure. 


with 3-vessel coronary disease. Figure 1 is an actuarial 
display of time to first hospitalization for myocardial 
infarction showing that at 5 years approximately 14% 
of medically treated patients, but only 5% of surgically 
treated patients, will have been hospitalized at least 
once for myocardial infarction. 

The preceding analysis did not include perioperative 
infarctions (12 of 287, 4.2%) in the surgically treated 
patients. The analysis shown in Table IT includes the 
data in Table I with the addition of these 12 surgical 
perioperative infarctions. There is now no significant 
difference (p = 0.173) in total myocardial infarction rate 
between medically (2.6%/year) and surgically (1.9%/ 
year) treated patients for the total cohort or any 
subgroup. Figure 2 shows the actuarial curves of time 
to first myocardial infarction (perioperative infarctions 








included), again indicating no difference between 
treatment groups. 

The numbers and rates of hospitalization for chest 
pain not due to myocardial infarction for medically and 
surgically treated patients are shown in Table II. While 
the differences in the rates are not significant, there is 
a trend toward a lower rate of hospitalization for sur- 
gically treated patients both for the total cohort 
(5.6%/year versus 7.7%/year; p = 0.146) and for patients 
with 3-vessel disease (6.0%/year versus 1.7%/year; p = 
0.069), 

Table IV shows that the rate of hospitalization for 
other cardiovascular reasons is significantly lower (p = 
0.004) in surgically treated patients (12.5%/year) com- 
pared with medically treated patients (15.7%/year). 
When patients are divided into subgroups according to 
number of stenotic vessels, patients with 2-vessel dis- 
ease show a highly significant difference (p = 0.001). 
Table V shows the frequency of hospitalization by each 
specific diagnosis included under “other” cardiovascular 
reasons; fewer hospitalizations occurred in surgically 
treated patients even though they were hospitalized 
more frequently for cardiac catheterizations, some of 
which were undoubtedly investigational. 

Table VI lists the rates of hospitalization for all car- 
diovascular reasons during follow-up (perioperative 
myocardial infarctions were excluded). There is a highly 
significant (p <0.001) difference overall in favor of 
surgical therapy, due primarily to the differences in the 
2-vessel disease subgroup. Linearized annual hospi- 
talization rates are 25.9% for medically treated patients 
and 19.1% for surgically treated patients, which is 26% 
fewer total cardiovascular hospitalizations for surgically 
treated patients. Figure 3 is an actuarial display of time 
to first hospitalization for any cardiovascular reason 
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TABLE Vi Number and Rate of All Cardlovascular Hospitalizations (Excluding Perioperative Myocardial Infarction) Per 


1,000 Patlont-Years of Follow-Up 








i 
l Surgically 
l Treated Patients 


n Hosp Rate p 








Medically 
Treated Patients 
Group i n Hosp Rate 
1 Vessel 140 202 267 
2 Vessel 97 118 259 
3 Vessel 50 55 237 
All patients 287 375 259 


Abbreviations as in Table |. 


TABLE VII Number of Patlents With None, 1, and Multiple 
Cardiovascular Hospitalizations During 








Follow-Up 
Hospitalizations/ Medically Surgically 
Patlent Treated Patients Treated Patients 
0 118 143 
1 71 75 
2 49 34 
3 24 16 
4 12 6 
>4 13 13 





comparing medically and surgically treated patients. 
Half of the medically treated patients had 1 or more 
hospitalizations for cardiovascular disease within 3 
years of angiography, while it took 5 years before 50% 
of surgically treated patients had been hospitalized at 
least once after surgery. l 

In Table VII, the numbers of patients with none, 1, 
or more than 1 cardiovascular disease hospitalization 
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Probability of No Hospitalization for any Cardiovascular reason 


FIGURE 3. Actuarial display of time to first 
hospitalizatlon for any cardiovascular 
reason. 


140 184 226 0.034 
97 79 138 0.003 
50 47 200 0.343 

287 310 191 <0.001 


are shown. No cardiovascular hospitalizations were 
observed in 41% (118 of 287) of medically treated pa- 
tients and 50% (143 of 287) of surgically treated patients, 
while multiple hospitalizations occurred in 34% (98 of 
287) of medically treated patients and 24% (69 of 287) 
of surgically treated patients. 

Table VIII and Figure 4 show no significant differ- 
ences in rate of hospitalization for noncardiovascular 
reasons between medically and surgically treated pa- 
tients or between patients with 1-, 2-, or 3-vessel disease. 
Hospitalization for noncardiovascular reasons accounts 
for 34% (357 of 1,042) of all hospitalizations. 


Discussion 


A 26% reduction in cardiovascular hospitalization was 
observed in surgically treated compared with medically 
treated patients with coronary disease in our matched 
pair cohort. This was due to significant reductions in 
hospitalization among patients treated surgically for 
myocardial infarction and other cardiovascular reasons 
and a trend toward a reduced rate for chest pain. 
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However, when the perioperative myocardial infarctions 
are also counted, there is not a statistically significant 
difference in infarction rates between the 2 treatment 
groups. 

The comparison of nonfatal coronary event rates 
between medically and surgically treated coronary 
disease patients is complicated by a number of prob- 
lems. First is the detection of the event. Our data in- 
clude only events associated with hospitalization. Thus, 
myocardial infarctions not resulting in hospitalization 
(for example, “silent infarction’’) are not included, be- 
cause routine electrocardiograms were not obtained on 
our patients. 

In the Framingham study 23% (73 of 319) of first 
myocardial infarctions between 1950 and 1970 were 
“unrecognized,” that is, did not result in medical at- 
tention with a correct diagnosis, but were detected on 
a study electrocardiogram.'! The proportion of unde- 
tected infarctions in Seattle Heart Watch is likely to be 
lower than that for Framingham study of 10 to 30 years 
earlier, given the widespread public education about 
coronary heart disease, the relative medical sophisti- 
cation of the Seattle community, and the ready avail- 
ability of a superb, rapid-response, emergency medical 
care system (Medic I). Regardless, we know of no reason 
to believe that undetected infarction would occur more 
frequently in 1 treatment group than the other. The rate 
of nonfatal myocardial infarction reported here for 
medically treated patients (2.6%/year) is identical to 
that reported by Harris et al!” from the Duke data bank 
(2.6%/year). Both studies show that nonfatal infarction 
occurs about half as frequently as death. Total myo- 
cardial infarction rates are also underestimated by the 
limitation to nonfatal events. We chose to do this both 
because we did not want these analyses overlapping 
with our survival analyses,®-? and because of the diffi- 
culty of diagnosing myocardial infarction in patients 
who die soon after onset of acute symptoms; 49% (46 of 
93) of the deaths in the matched pair cohort occurred 
within 24 hours of the onset of acute symptoms. 
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Second is the problem of accuracy of diagnosis. Fol- 
low-up of our patients was by a questionnaire mailed to 
the patient. If the patient reported a reason for hospi- 
talization that was suggestive of acute infarction, con- 
firmation was sought from the patient’s physician, but 
primary data (electrocardiographic and enzyme 
changes) were not included in the data file. However, 
a careful review of detailed data (discharge summary, 
serial] serum enzyme values, and serial electrocardio- 
grams) on a random sample of 29 hospitalizations coded 
as chest pain (not infarction) or myocardial infarction 
indicated 83% (24 of 29) correct diagnoses. 

Third is the problem presented by the unequal loss 
of patients from both treatment groups. Twice as many 
medically treated patients (62) died as surgically treated 
patients (31). Furthermore, 16% (47 of 287) of the ini- 
tially medically treated patients crossed over to surgical 
therapy during follow-up because of unacceptable 
symptoms. While both of these events were treated as 
“patient lost-to-follow-up” in the data analyses, it is 
likely that these patients were at higher risk for hospi- 
talization, myocardial infarction, or both, than the pa- 
tients who remained in the medical cohort. This prob- 
lem, for which there is no entirely satisfactory solution, 
is likely to bias the results against surgical therapy. 

Fourth, we are comparing 2 forms of therapy that 
have clearly evolved and improved since the entry of 
these patients into Seattle Heart Watch. Both operative 
mortality and perioperative infarction rates have fallen 
by 2=50%—due in large part to improved myocardial 
protection.!*!4 Medical therapy has undoubtedly im- 
proved as well, but this change is less easily quantified. 
Yet, it is impossible to assess relatively infrequently 
occurring events such as death or hospitalization 
without long-term follow-up, which implies outmoded 
initial therapy (the ‘‘catch-22” of long-term coronary 
disease studies). 

Finally, there is a problem peculiar to nonrandomized 
observational studies: the 2 treatment groups are not 
identical. We have documented this in our patients 
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FIGURE 4. Actuarial display of time to first hospltalization 
for any noncardiovascular reason. 
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TABLE VII Number and Rate of Ali Noncardiovascular Hospitalizations Per 1,000 Patient-Years of Follow-Up 
1 

















Medically 
Treated Patients 
Group n Hosp Rate 
1 Vessel 140 86 114 
2 Vessel 97 54 118 
3 Vessel 50 24 103 
All patients 287 164 113 


Abbreviations as In Table I. 


despite matching on 7 different baseline characteristics. 
However, it is not clear in which direction the observed 
differences in baseline characteristics would influence 
the outcome variables. It might well be that the greater 
symptomatic status of the surgically treated patients 
at entry has an effect opposite to the slightly poorer left 
ventricular function and greater frequency of prior 
myocardial infarction in the medically treated patients. 
The virtually identical rates of hospitalization for 
noncardiovascular reasons indicate that the general 
health status of the 2 treatment cohorts was similar. 

We would predict the various biases discussed above 
to either act equally in both treatment groups (incom- 
plete detection of myocardial infarction, <100% accu- 
rate diagnosis of myocardial infarction, unequal dis- 
tribution of baseline characteristics) or to bias the re- 
sults against surgical therapy (excessive loss of medi- 
cally treated patients at risk and recent improvements 
in surgical techniques). Thus, we would attribute the 
reduction in hospitalization rate for all cardiovascular 
reasons as being most likely due to surgical therapy. The 
reduction is not dramatic (26%), but may be influenced 
by a higher frequency of postoperative catheterization 
(93 of 287, 32%) then than now. 

Whether myocardial infarction can be prevented by 
coronary bypass surgery has been a question of great 
interest. The 2 large randomized trials on stable angi- 
na*!5 have not reported data on this question, perhaps 
because of the methodologic problems discussed above. 
Two small single-institution randomized trials com- 
paring medical with surgical therapy of stable angina 
pectoris have not shown any difference in myocardial 
infarction rates,*!6 as was the case with an observational 
nonrandomized study of patients with disease confined 
to the proximal left anterior descending coronary ar- 
tery.!? The number of patients in these 3 studies prob- 
ably was not-large enough to be reasonably certain of 
detecting a treatment difference, if such difference did 
actually exist—for example, an acceptably low type H 
or beta error.!® In patients presenting with unstable 
angina, neither the small single-institution randomized 
trial from Portland,!9 nor the much larger National 
Heart, Lung, and Blood Institute sponsored multicenter 
randomized trial?° have shown a reduction in myocar- 
dial infarction rates with surgery. The perioperative 
infarction rate in the latter study, however, was high (24 
of 141, 17%), possibly because the protocol was designed 
to test the effect of immediate surgery (with no medical 
“cooling off” period) against conventional medical 
therapy. Our data on hospitalization rates for myocar- 











Surgically 
Treated Patients 
n Hosp Rate p 
140 89 109 0.402 
97 73 128 0.528 
50 31 132 0.869 
287 193 119 0.96 


dial infarction do not provide a convincing answer to the 
question. While the hospitalization rate for myocardial 
infarction during follow-up in the surgically treated 
patients (1.1%/year) was less than half that of the 
medically treated patients (2.6%/year, p = 0.004), the 
inclusion of the perioperative infarctions eliminates the 
statistically significant difference, even though there 
continues to be a trend favoring surgical therapy 
(1.9%/year compared with 2.6%/year). We look forward 
to data from the 3 large, randomized trials of medical 
versus surgical therapy (the European Coronary Sur- 
gery Study,? the Veterans Administration Cooperative 
Study,'® and the National Heart, Lung, and Blood In- 
stitute-sponsored coronary artery surgery study”!), 
which will hopefully shed light on this important 
question. 

Our data provide 2 interesting insights into the oc- 


- currence of hospitalization for myocardial infarction in 


patients with documented coronary disease. First, it is 
an uncommon cause of hospitalization, accounting for 
only 8% (55 of 685) of all cardiovascular hospitalizations, 
with the percentage being fairly similar for medical 
(9.9%; 37 of 375) and surgical (5.8%; 18 of 310) cohorts. 
Hospitalization for chest pain (not myocardial infarc- 
tion). was, by far, the most frequent cause of hospitali- 
zation, accounting for 29% (201 of 685) of all cardio- 
vascular hospitalizations. Second, there does not appear 
to be an increased likelihood of being hospitalized for 
myocardial infarction with increasing extent of coronary 
disease. Among medically treated patients, there is only 
a slight increase in the hospitalization rate for infarction 
in patients with 3-vessel disease (3.0%/year) compared 
with patients with 1-vessel disease (2.5%/year). In fact, 
in the surgical cohort, a gradient in the opposite direc- 
tion is seen (0%/year in 3-vessel disease patients; 
1.4%/year in 1-vessel disease patients). This is in striking 
contrast to the relation between extent of disease and 
mortality, where there is about a 3-fold increase in’ 
mortality in patients with 3-vessel disease compared 
with 1-vessel disease.5?2 There is, of course, no a priori 
reason why variables predictive of death should be the 
same as those predictive of nonfatal infarction. In an- 
other report from Duke, the probability of developing 
a nonfatal infarction over 5 years appears to be about 
equal between medically treated patients with 1-, 2-, or 
3-vessel disease.?3 > 

Great emphasis should not be placed on the fact that 
there was a statistically significant reduction in hospi- 
talization for other cardiovascular reasons, but not for 
chest pain (not infarction). The proportionate reduction 
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in hospitalization rate among surgically treated patients 
was similar for the 2 categories (21% reduction in hos- 
pitalization for other cardiovascular reasons, 27% re- 
duction in hospitalization for chest pain). The likely 
reason for the lack of statistical significance (p = 0.146) 
in the chest pain category is the fewer number of end 
points (hospitalizations). There is still the question of 
why we did not observe a greater reduction in chest pain 
hospitalizations in the surgically treated patients, as 
most studies have shown elimination or marked re- 
duction of angina in most operated patients. It is likely 
that hospitalization for nonischemic chest pain (post- 
operative pain, musculoskeletal pain, pericarditis) was 
more common in surgically treated than in medically 
treated patients. Our data base does not allow separa- 
tion of these various entities. 

Comparison of nonmorbid events between medically 
and surgically treated coronary disease patients is a 
complex task with many factors influencing the con- 
clusions. Our data show a 26% reduction in hospitali- 
zation rate for all cardiovascular reasons in the surgical 
cohort, with a similar proportionate reduction in hos- 
pitalization for chest pain (not infarction) and other 
cardiac reasons. This reduction is likely due to surgical 
therapy and not confounding factors. While we observed 
a trend toward a reduction in myocardial infarction 
with surgical therapy, further studies are needed before 
the effect of myocardial revascularization on subsequent 
infarction is clear. 
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Can Noninvasive Exercise Test Criteria Identity P Patients With 
Left Main or 3-Vessel Coronary Disease After a First 


Myocardial Infarction? - eae 
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k This study attempts to determine whether exercise 
‘ treadmill testing with clinical, electrocardlographic, 
and thallium-201 myocardial perfusion imaging data 


can identify which patients have left main or 3- 


vessel (anatomically: high-risk) coronary artery 


} 
[j 


Le 


_ positive ; S-T segment depression at <70% predicted 
_ heart rate also discriminated left main or 3-vessel 


‘disease (CAD) after their first transmural myocardlal . `` 


infarct (MI). Twelve exercise test criterla for high- 


risk disease were compared in -40 patients referred `. 


for cardiac catheterization; 34 had a history of chest. 
pain and 17 had anglographically defined high-risk ' 
CAD. A thallium image defect outside the vascular, 
distribution of the MI was the most rellable criterion 


to distinguish patients with high-risk CAD (p = . 


0.00052 for Fisher’s exact test of discrimination). 


Thallium imaging was somewhat more sensitive (92. 
versus 65 %, p = 0.108) when patients with negative - 


~ thallium imaging criteria who falled-to achieve 85 %' 
of the age-predicted maximal heart rate were ex- 


cluded. Fallure to achieve 85 % of predicted heart 


- rate was by Itself a useful criterion for detecting 


high-risk CAD (p = 0.017), especially In patients not- 


disease from less extensive CAD (p = 0.016): Other 
criteria falled to discriminate significantly between 
high-risk and less extensive CAD in patients after 
their first MI (p >0. 05). S-T segment depresslon (p 


= 0.199)-or chest pain (p = 0.577), during exercise 


testing were particularly unreliable. Further; none 


of the criteria for-high-risk CAD were Influenced by 
irreversible left ventricular dysfunction. 


It is concluded that patients with thalllum Imaging 
defects butside the region of the Infarct, decreasing 
blood pressure during exercise, failure to achleve 


` 85% of predicted heart rate, or S-T depression at 
<70% of predicted heart rate have a high proba- 


bility of having left main or 3-vessel disease. Pa- 
tients without these criteria have a very low prob- 


. ability of having high-risk CAD and probably do not 


need coronary angiography for the purpose of ex- 


mo these high-risk coronary lesions: after a first 
"MI. 


taking propranolol (p = 0.004). A Ee of A 


k 


A 


_ The annual mortality rate after a first transmural MI `- 


averages 5%/year but varies widely for different groups 
_of patients.!~4 The prognosis after MI depends on the 


size of the MI and resulting, left ventricular dysfunc- y 


‘tion®56 and on the extent of CAD jeopardizing the 


noninfarcted myocardium. 78 Most clinical indicators - 


of a poor Progiosis ae a first MI prima reflect the 


S 


From o of Medicine, Division of Cardiology and Depart- 


ment of Nuclear Medicine, Mount Sinai Medical Center, New, York, New . h 
‘York. This study was supported in part by Grant 07347, and ‘Young In~ 


vestigator Research Award HL2115 from the National Heart, Lung, and 


Blood Institute, the National Institutes of Health, Bethesda, “Maryland; ; 


ie 
BE 


í | 


- extent of irreversible myocardial damage.®: 9,10 Anginal 


chest pain after infarct-suggests but does not prove the 
patient has multivessel CAD—chest pain is absent in 
many patients with extensive CAD.1.2:11 Exercise elec- 
trocardiography has been reported as helping to identify 
subgroups of patients at greater risk of death after 
MI.12-14 Although positive S-T segment responses to 
exercise identify patients with multivessel CAD mod- 


` erately well,!5-19 it is not clear whether a positive exer- 


cise electrocardiogram identifies patients with a poor 


. prognosis due to large infarcts (irreversible) or due to 


extensive, CAD (potentially reversible by surgery). The’ 
- usefulness of exercise electrocardiography in the pres- 
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ence of MI may be limited by the MI itself.202! The 
many false- -negative and false-positive results in anginal 
histories and exercise electrocardiograms after a first 
MI lend support to the proposal that coronary angiog- _ 
raphy should -be recommended .to-every young and 


there r heallliy patient after a first ML ae ones 
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of this policy for the 600,000 patients who have infarcts 
each year would greatly increase the number of patients 
undergoing cardiac catheterization, with its risks, in- 
convenience, and expense, which might be considered 
by many to.be excessive.2*-25 Thus, it would be useful 
to have a reliable noninvasive test to detect multivessel 
disease. Thallium-201 myocardial imaging has proven 
useful in diagnosing the presence of CAD, but its value 
in distinguishing multivessel disease is controversial6-30 
and may be influenced by the presence of the infarct 
defect per se.}\’ 

_ This study examines whether exercise treadmill 
testing with clinical, electrocardiographic, and thallium 
imaging data can identify patients in whom left main 
or 3-vessel disease adversely influences the prognosis. 
The continuing controversy concerning the effects of 
coronary artery bypass graft surgery on prognosis 
suggests a need to identify specifically those patients 
with left main or 3-vessel disease who may benefit most 
from surgery. 231,32 


Methods 


Patient selection: We analyzed results in 150 consecutive 
patients who had been referred by their private physicians for 
cardiac catheterization, exercise treadmill] testing with elec- 
trocardiography, and thallium imaging. From this group we 
identified the 40 patients who had had a transmural MI within 
the preceding 3 to 24 months. MI was confirmed by history, 
pathologic Q waves on resting electrocardiogram in all pa- 
tients, and asynergic regional contraction patterns on contrast 
left ventricular angiography (36 of 40 patients). Chest pain 
syndromes were present in 34 patients after MI and were be- 
lieved to be typical of angina pectoris in 29. Only 4 patients 
were women; the age range was 26 to 64 years (mean + stan- 
dard deviation 51.3 + 7.5). Patients with 2 or more MIs were 
excluded. 

Cardiac catheterization: Each patient had left ventricular 
and coronary angiography by the Sones®? or Judkins*4 tech- 
nique. Two angiographers analyzed all angiograms indepen- 
dently and without knowledge of the other data about the 
patient, as described previously.2536 Significant CAD was 
defined as 250% narrowing of luminal diameter seen in 2 or 
more views, or = 70% narrowing in only 1 view. Nitroglycerin 
was administered before coronary angiography in all patients, 

` and no patient had significant valvular or cardiomyopathic 
heart disease. 

Exercise treadmill test with electrocardiography: All 
patients had an exercise test performed within 2 months of 
cardiac catheterization; there were no clinical episodes 
suggesting new MI or intermediate coronary syndrome be- 
tween the time of exercise testing and catheterization. Exer- 
cise teating was performed within 3 to 24 months of the pa- 
tient’s first infarct; using the Bruce protocol.3? Each patient 
continued exercise until the occurrence of limiting symptoms, 
a blood pressure decrease >5 mm Hg, or flat or downsloping 
S-T segment depression 22.0 mm below control values, 0.08 
second after the J point. A 12-lead' electrocardiogram was 
recorded before, during, and after exercise. If the S-T segment 
shifted more than 1.0 mm from the baseline or from a resting 
abnormality, then the electrocardiogram was also read as 
positive during exercise. The electrocardiogram was consid- 
ered uninterpretable if S-T depression >1.0 mm occurred in 
a patient receiving digitalis or in the presence of an intra- 
ventricular conduction delay or left ventricular hypertrophy. 
Exercise electrocardiography was considered equivocal with 
S-T elevation or upsloping S-T segment depression >1.0 mm 





but <2 mm, 0.08 second after the J point. Arterial blood 
pressure was monitored by cuff sphygmomanometer every 2 
to 3 minutes before, during, and after exercise. 

Thallium-201 myocardial perfusion imaging (Fig. 1 and 
2): As described previously,°4,35 1.5 to 2.0 mCi of thallium-201 
was injected intravenously during exercise when symptoms 
suggested that the patient was near the limits of his or her 
tolerance for exercise. Each patient exercised for an additional 
30 to 120 seconds at the same or reduced work load to allow 
thallium tissue distribution during the period of maximal 
coronary blood flow. Each patient was imaged 5 to 10 minutes 
after exercise for the “exercise image” and 3 to 4 hours later 
for the “delayed rest image.’8 Images were recorded with the 
patient in a supine position in the 45° left anterior oblique, 
anterior, and left lateral views to a total of 500,000 counts/ 
image. 


LAO 30° LEFT LATERAL 


ANTERIOR 





RCA(OR RCA 
s ALL 3) 

FIGURE 1. Nomenclature for segments of left ventricle seen on the 
thalllum-201 perfusion Image. These diagrams indicate the corre- 
spondence between particular coronary arteries and the myocardial 
Image in each view. Note that the apical region did not correspond to 
the distribution of any 1 specific artery. Ant = anterior; Inf = Inferior; 
LAD = left anterior descending coronary artery; LCF = left circumflex 
coronary artery; RCA = right coronary artery. 


CRITERION Ili/A: Compare Exercise vs. Rest Images 
(+) = Defect is new or larger on exercise 


OU 


Exercise Delayed Rest 


CRITERION IIB: Compare Different Coronary Vascular Distributions 
(+) = Defect outside vascular region of infarct 


“eo 


Exercise Delayed Rest 


FIGURE 2. Two thallium-201-imaging criterla, A and B, for high-risk 
CAD involving the left main trunk or 3 vessels after myocardial infarc- 
tion. Criterion IIIA compares exercise (left) and delayed rest (right) 
Images and is considered positive (+) when an exercise defect disap- 
pears or decreases in size or severity on the delayed rest image (as 
shown for the septal defect here). Criterlon IIIB compares different 
coronary vascular distributions using the scheme In Figure 1 and Is 
considered positive when there Is a defect in a vascular region outside 
the Infarct region as shown for the septal, left anterior descending, and 
lateral wall-clrcumflex defects here. Ant = anterlor; Inf = inferior; LAD 
= left anterior descending coronary artery; LCF = left circumflex 
coronary artery; RCA = right coronary artery. 





We set a 20% window centered on the photopeak of thalli- 
um, using an Ohio Nuclear model 120 portable gamma camera 
with a high-sensitivity, parallel-hole collimator. Each image 
was recorded on Kodak SOQ-179 transparency film in both 
unprocessed and contrast-enhanced forms. Contrast en- 
hancement was performed on the video display of the Ohio 
Nuclear Series 150 Data System by an observer without 
knowledge of the patient’s history or other test data. Each 
image was read by 2 observers who did not know other data 
about the patient; interobserver agreement was 95% for pos- 
itive or negative thallium image reading and 88% for defining 
which regions were abnormal. Results were drawn from 
readings after resolution of differences. 

Noninvasive criteria to identify patients with left main 
or 3-vesse] CAD (Table I): During the exercise test symp- 
toms, heart rates, blood pressures, electrocardiograms, and 
thallium images were classified according to the criteria shown 
in Table I. The location of the transmural infarct was estab- 
lished by the pathologic Q waves of the electrocardiogram and 
confirmed by regional asynergy on the contrast left ventric- 
ulogram. We used criteria which correlate abnormalities of 
thallium images and the exercise response of the S-T segment 
of the electrocardiogram with the anatomic site of myocardial 
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ip=0.0000523) Dx Test)  with<85% Propandal «= fp = 0.016)  tp=0.017) 
(p= 0.000054) APMHR {p= 0.004) 
fp = 0.003) 

FIGURE 3. Exercise test criteria whlch successfully discriminate 
high-isk CAD after MI. The criterta are listed in order of the p value from 
Fisher's exact test for their ability to discriminate anatomically high-risk 
disease from less extensive disease, from the lowest p value on the 
left to the highest p values on the right. The p value is shown under the 
bar graph representing each criterion. The panels show sensitivity, 
speclficlty, predictive value, and predictive error. The population 
prevalence of high-risk disease was 43%. APMHR = age-predicted 
maximal heart rate; Dx = diagnostic; ECG-ST = electrocardiographic 
S-T; Pts. = patlents; TI = thallium. 
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ischemia.3940 Although these correlations may be imperfect, 
we designated the following correspondence between elec- 
trocardiogram and coronary vascular distributions, in accor- 
dance with previous studies: leads IT, IH, and aVF, right cor- 
onary artery; I, aVL, Vs, circumflex artery; V, to V4, left 
anterior descending artery.*949 Consistent with previous 
correlations of thallium images with cardiac catheterization 
data,’! we designated the correspondence between thallium 
image regions, walls of the left ventricle, and coronary vascular 
distributions as illustrated in Figure 1. It should be noted that 
the apical portion of the left ventricle was not used to localize 
the coronary artery involved because it is difficult to assign 
this region to the vascular distribution of 1 coronary artery.4? 
Two thallium-201 criteria to predict anatomically high-risk 
CAD after infarction are shown in Figure 2 (criterion IIC was 
adapted from IIIB). 

Analysis of data: Coronary angiography determined each 
patient’s anatomic extent of CAD. Patients with left main or 
3-vessel disease were classified for the purpose of this study 
as a high-risk subgroup of the population of patients after 
their first MI.!,’.8 Each criterion in Table I was tested in each 
patient to determine whether the particular findings on ex- 
ercise testing were present or absent. For each criterion, the 
result in each patient was defined as follows: true positive (TP) 
= a patient with left main or 3-vessel disease (that is, high-risk 
subgroup), and noninvasive criterion positive; true negative 
(TN) = noninvasive criterion negative in a patient without 
high-risk CAD; false negative (FN) = noninvasive criterion 
negative in a patient with high-risk CAD; and false positive 
(FP) = noninvasive criterion positive in a patient without 
high-risk CAD.49.44 

In order to characterize fully all aspects of the ability of each 
criterion to identify high-risk subgroups of CAD, we calculated 
the following proportions as percentages: sensitivity = TP/ 
(TP + FN); specificity = TN/(TN + FP); predictive error = 
FN/(FN + TN); predictive value = TP/(TP + FP). We esti- 
mated the standard deviation of each proportion (Pr) as [(Pr) 
(1 — Pr)/n]}!/2, where n is the number of observations as indi- 


TABLE! Exercise Treadmill Test Criteria to Identify Left 
Main Trunk or 3-Vessel CAD in Patients After 
Their First MI* 








I. Clinical and hemodynamic criteria during exercise test 
A. Development of chest pain 
B. Fallure to achleve 85% of age-predicted maximal heart rate 
(considering all patients) 
C. Failure to achieve 85% maximal heart rate (drop patients taking 
propranolol) 
D. Decreased blood pressure during exercise 
lt. Electrocardiographlc criteria during exercise test 
A. Positive S-T segment response (all patients) 
B. Positive S-T response (drop patients with nondiagnostic 
tests)* 
C. Positive S-T segment response at heart rate <70% maximal 
heart rate 
D. Positive S-T segment response In lead not involved by infarct 
lil. Thallium-201 myocardial perfusion imaglng criteria 
A. Defect on exercise image which disappears or Improves on de- 
layed rest image 
B. Any defect located in a vascular distribution outside the infarct 
(all patients) 
©. Defect outside infarct (drop patients with nondiagnostic tests) 
D. Defect outside infarct (considering only patients who failed to 
achieved 85% maximal heart rate) 





* Criteria for diagnostic tests are to exclude patients with (A) elec- 
trocardlographic S-T segment response positive In a patient taking 
digitalis or with conductlon defect, or with 1.0 mm S-T depression which 
is upsloping, or with S-T elevation; also, negative S-T response, but 
<85% maximal heart rate; (B) thallium-201 Imaging normal in regions 
not Involved by infarct, but <85% of the predicted maximal heart rate 
is achieved. 





cated in Figure 3.45 We tested the ability of each criterion to 
‘discriminate between the anatomically high-risk group and 
other patients by Fisher’s exact test, the chi-square test with 
Yates’ continuity correction, and a modification of the z sta- 
tistic to compute confidence intervals.4 We report the results 
of Fisher’s exact test except where noted specifically. We used 
the chi-square test with Yates’ correction for small numbers 
since the expected values were <5 in some tests. The modified 
z statistic was calculated to account for correlated propor- 
tions.4> Results of these 3 statistical tests were similar. The 
p values were somewhat lower for the modified z statistic; for 
only 1 criterion did differences become significant (p <0.05) 
by the modified z statistic but not by other tests. This 1 dif- 
ference is indicated in the results. The z statistic does not 
account for small numbers and, thus, probably overestimates 
the significance of differences in small populations.*® 
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FIGURE 4. Influence of population prevalence (pretest probability) of 
anatomically high-risk disease on thallium (Tl) exercise Imaging and 
exercise electrocardiographic S-T (ECG-ST) predictions after MI, using 
Bayes’ theorem. Considering the number of patients, these curves 
represent clinical trends rather than precise calculations of the prob- 
ability of high-risk CAD for a particular patient. If thallium-201 Imaging 
is positlve (+) outside the Infarct region, the probability (posttest) that 

. the patient has 3-vessel or left main coronary disease remains high over 
a wide range of pretest probabilities, as shown by the top left curve. 
if thallium-201 imaging is negative outside the vascular distribution of 
the infarct and heart rate is >85% of the age-predicted maximum, the 
probabllity (posttest) of anatomically high-risk disease is very low over 
a wide range of pretest likelihoods, as shown by the lower right curve. 
The curves calculated from Bayes’ theorem show that the posttest 
probablilty of anatomically high-risk disease is higher when the pretest 
probability (or prevalence) Is higher. The curves Indicate that a positive 
thaillum-201 image outside the infarct is more reliable than a positive 
exercise S-T response as an Indicator of anatomically high-risk disease, 
and that a negatlve S-T response is less reliable than a negative thal- 
lium-201 image outside the infarct to exclude 3-vessel or left main 
coronary disease after a first MI. DX = diagnostic result. 


More sophisticated statistical tests of multivariate analysis 
might have indicated some improvement in the predictive 
power of some exercise test criteria, and Tables H and IM 
provide data for such analysis. We did not adopt this statis- 
tical approach because our goal was to assess the clinical 
usefulness of different exercise test criteria. The more 8o- 
phisticated statistical tests using multivariate analysis might 
have indicated statistical significance in situations where 
clinical significance would be lacking. Thus, we ranked exer- 
cise test criteria in ascending order of their p values for dis- 
criminating anatomically high-risk disease, using Fisher’s 
exact test. The rank order was the same using either chi- 
square or the modified z statistic. 

We tested differences between group means by Student’s 
t test for unpaired variables.45 We calculated the linear re- 
gression equations and correlation coefficients. One-way 
analysis of variance was used to test whether slopes of these 
regression lines differed significantly from zero.® A p value 
<0.05 was required for statistical significance. 

We estimated the influence of different population preva- 
lence rates (or pretest probabilities) of the high-risk subgroup 
CAD on the predictive value and predictive error of these 
noninvasive criteria by application of Bayes’ theorem. We 
calculated the probability of high-risk CAD with a given result 
of the noninvasive criterion, using the values of sensitivity and 
specificity of each criterion found in our population as fol- 
lows‘4,46-8: if the criterion is negative, then the probability 
of high-risk disease (predictive error) = [(100 — sensitivity %) 
(prevalence %)j|/[(100 — sensitivity %) (prevalence %) + 
(specificity %) (100 -- prevalence)]. If the criterion is positive, 
then the probability of high-risk CAD (predictive value) = 
[(sensitivity %) (prevalence %)]/[(sensitivity %) (prevalence 
%) + (100 — specificity %) (100 ~ prevalence %)]. 

These calculations in 40 patients seem justifiable because 
of the clinical implications of different population groups. 
Clearly, Figure 4 does not represent an exact calculation of the 
probability of left main or 3-vessel coronary disease in every 
patient, but it does indicate the influence of population 
prevalence of high-risk disease on the predictions by these 
criteria. 


Results 


Cardiac catheterization: In the 40 patients with 
previously documented transmural MI, coronary an- 
giography revealed disease involving 1 coronary vessel 
in 13, 2 vessels in 8, and 3 vessels in 17. Three of the 17 
patients with 3-vessel disease also had left main cord- 
nary stenosis, and 2 patients had normal coronary an- 
giograms. Left ventricular ejection fraction in patients 
with 3-vessel or left main disease (high-risk subgroup) 
was 51.2 + 21.9% (mean + standard deviation), which 
did not differ significantly from the patients with less 
extensive CAD, 56.2 + 24.4%. The proportion of patients 
with ejection fraction <40% also was not significantly 
greatet in patients in the high-risk subgroup (1 of 17) 
than in patients with less extensive CAD (1 of 23). 
Asynergic contraction was identified on the left ven- 
triculogram in 36 of 40 patients; the location agreed with 
the pathologic Q waves on the electrocardiogram in 35 
patients, and with the defects on delayed rest thallium 
imaging in 34 patients. i 

Clinical and hemodynamic exercise test criteria 
(1A to 1D) (Tables II and ITI): Development of chest 
pain during the exercise test did not distinguish patients 
with high-risk CAD from those with less extensive CAD 


-7 














~ February 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 365 



























































TABLE I! Patients With 3-Vessel or Left Main CAD, or Both / 
ll: Exercise: lll: Exercise/Delayed Rest 
I: Clinical Electrocardiography Thallium-201 Imaging 
|. 
Patient A B C D A B C D A B C D 
1 N P P N P P N P N N doy N 
2 N P P N P P N N P P P P 
3 N P 1 i P P P P P P N way N 
4 N P A N N DEN N N P P P P 
5 P P P N P* Bes N N N P P P 
6 N P nil N. N pie N° N P N yis N 
7 N N ; N P P N P N N N iar 
8 N P P N P P P P P P P P 
9 P P ire N P) P P N N P P P 
10 P P Reh N P P P. P N N ae N 
11 N P P P N° Wash N N N P P P 
12 N P ones N P*. soiree pa NRE N P P P 
13 N P P N “PP sits N N N N airi N 
14 P P iik N N N N N P P P P 
15 N P P N P P N N P P P P 
16 N N iaia P N Lee N N P P P i 
17 N P N P P P N N P P P 
P 4 15 7 3 12 9 6 6 8 q1 11 10 
N 13 2 0 14 5 1 11 11 9. 6 1 5 
NDx an wie 10 te TE 7 hes oy ima TEA 5 2 
* Positive electrocardlographic S-T in patient recelving digitalis. 
Criteria IA to IIID as in Table |. N = negative result; NDx = nondlagnostic result; P = positive result. 
TABLE lil Patients With 0-, 1-, or 2-Vessel CAD 
Il: Exercise IH: Exerclse/Delayed Rest 
I: Clinical Electrocardiography Thallium-201 Imaging 
Patient A B Cc D A B ae D A B CG D 
18 P N He N P P N N P N N 
19 N P P N P P N P P P P P 
20 N N N N P P N P P N N Sate 
21 N P hans N . N fies N N N N paai N 
22 N P Dis N P P 'N N N N ine N 
23 N N N N P P N P N N N Sut 
24 N N N N P P -N P N N N Dis 
25 P P P N P P N N N N soe N 
26 N P path N N he N N P N N 
27 N P Sa N N Tayi N N N N N 
28 N N N N N N N N p N cok 
29 P P acd N P P N N N N N 
30 N N a N N N N N N N N ‘ies 
31 N P ive N N es N N N N N N 
32 N N N N P P N P N N N ms 
33 N P he N N ee oN N P N ies N 
34 P P P N P P JN P P N rs N 
35 P P eee N P P P P P N ee N 
36 N N N N N N N N- N N N ge 
37 N P P N N OR 'N N N N iin N 
38 P N N N P P N N N N N ies 
39 N N N N N N N N N N N 
40 N N N N N N N N N N N 
P 6 12 4 0 12 12 1 7 8 1 1 1 
N 17 11 9 23 11 5 22 16 15 22 11 11 
NDx Sr SS he ete Wels 6 eK 11 11 





Abbreviations as In Table II. 


(p >0.577) as shown in Table IV for criterion IA. Again, 
the p value seems most useful to identify criteria which 
fail the minimal expectation for any diagnostic test, that 
is, to distinguish 2 groups of patients with versus pa- 
tients without high-risk disease. In contrast, criterion 
IB discriminated patients with high-risk disease (p 
<0.017) by their failure to achieve 85% of age-predicted 
maximal heart rate. This heart rate criterion was sen- 


sitive (88%) (Fig. 3) but lacked specificity (48%), because 
of peak heart rates <85% of predicted values during 
propranolol therapy in several patients with less ex- 
tensive disease (Tables II, III, and V). The heart rate 
criterion could not distinguish high-risk CAD in the 20 
patients receiving propranolol (dose range 30 to 160 
mg/day), but discriminated successfully between 
high-risk and less extensive disease in patients not re- 





366 COMPARISON OF EXERCISE TEST CRITERIA AFTER INFARCTION 


TABLE IV Ranking Criteria Which Fail to Discriminate | 
Anatomically High-Risk CAD After MI - À 


Criterion 








Sensitivity Specificity p 








ID _ BP decrease 189 100+5  <0.0689 
NWA ` ST{(+) (All patients) 71411 48410 <0.199 
IIB S-T (+) (Dx only) 909 29411 <0.251 
MA  T1-201(+)Ex > Rest* 47412 6510 <0.323 
ID  S-T (+) outside MI 35412 70412 <0.504 
IA Chest pain 24410 7449 <0.577 





* Thalllum-201 image positive with exercise defect worse than de- 
layed rest defect. 
; Ranking is In ascending order of the p value for Fisher's exact test. 
Criterla with p >0.05 for the difference between groups failed the 
minimal requirement for any diagnostic test, that is, to distinguish 2 
‘groups with versus without high-risk disease. BP = blood pressure; Dx 
= diagnosis; Ex = exercise. 


TABLE V Effects of Propranolol Therapy on the Prediction 
of Anatomically High-Risk Disease After MI by 
the Criterla Which Used Peak Heart Rate 
Achleved During the Exercise Test 


Low-Risk CAD High-Risk CAD 











Patients Not Taking Propranolol 














>85% APMHR 9 0 
<85% APMHR 4 7 
p = 0.004 
Patients Receiving Propranolol, 40 to 160 mg/day 
>85% APMHR 2 2 
<85% APMHR 


8 8 
p = 0.709 (not significant) 
APMHR = age-predicted maximal heart rate. 








ceiving propranolol (p <0.00052) (Table V). In 20 pa- 
tients not taking propranolol, no patients with high-risk 
CAD achieved 85% of the predicted heart rate (criterion 
IC). The group with left main or 3-vessel disease 
achieved the same percentage of age-predicted maximal 
heart rate whether they were (73.3 + 11.5%) or were not 
(72.0 + 16.0%) receiving propranolol. On the other hand, 
‘in the group with 0-, 1-, or 2-vessel disease, the patients 
taking propranolol had a lower heart rate (69.4 + 17.4%) 
‘than those not receiving the drug (86.2 + 7.6%; p <0.05). 
. During exercise testing, arterial blood pressure de- 
creased in 3 patients with 3-vessel disease (1 also had 
left main disease). Criterion ID did not significantly 
discriminate the anatomically high-risk group by the 
Fisher’s exact test (p = 0.069) because of its low sensi- 
tivity. The modified z statistic yielded p = 0.024, but 
this test fails to account for small numbers.*5 
Exercise electrocardiographic data (criterion 
IIA to ITD): The S-T segment response of the electro- 
cardiogram to exercise was positive in 12 of 17 patients 
with high-risk CAD, but also in 12 of 23 patients with 
less extensive disease. Thus, criterion HA, which is 
widely used, could not distinguish the high-risk 
subgroup (p = 0.199). The 2 patients with positive S-T 
responses who were receiving digitalis were considered 
positive for high-risk CAD by criteria ITA, IIC, and DD. 
Criterion IIB classified as nondiagnostic the patients 
with these electrocardiographic readings and the pa- 


tients with negative S-T responses but peak heart rate 
<85% of the predicted maximum. Despite dropping 
these 13 patients with nondiagnostic S-T responses, 
criterion IIB could not discriminate high-risk CAD (p: 
= 0,251), primarily because of the low specificity of the 
S-T response (Table IV). 

The electrocardiogram was positive and the heart rate 
was <70% of predicted in 6 of 17 high-risk patients (1 
of whom had left main disease) and in only 1 of 23 pa- 
tients with less extensive disease. Criterion IIC dis- 
criminated high-risk disease (p = 0.016) because of its 
high specificity. Criterion IID, which indicated the 
high-risk subgroup when S-T responses were positive 
in leads not involved by the MI, was positive in 6 of 17 
patients with high-risk CAD (2 of 3 with left main dis- 
ease), but also in 7 of 23 patients with less extensive 
disease, so that this criterion also failed to discriminate 
high-risk from less extensive CAD (p = 0.504) (Tables 
II and HI). 

Thallium-201 myocardial imaging data (criteria 
IIIA to HID): Thallium imaging revealed defects 
during exercise, delayed resting imaging, or both, in 38 
of 40 patients, and showed an increase in the apparent 
dimensions of the left ventricular cavity on the exercise 
image relative to the rest image in 1 of the 2 patients 
with no perfusion deficits visible on thallium 
imaging. 

Figure 2 illustrates the criteria for reading the thal- 
lium images to identify left main or 3-vessel disease. 
Criterion IIIA was considered positive for high-risk 
CAD when a defect present on exercise disappeared or 
improved dramatically on the delayed rest image. De- 
fects disappeared on delayed rest images in 16 patients, 
only half of whom had high risk CAD. Thus, this crite- 
rion alone could not discriminate 3-vessel or left.main 
disease from less severe disease (p = 0.323) (Tables IT 
and III). 

In contrast, criterion IIIB required thallium imaging © 
to be positive in the vascular distribution of a coronary 
artery which was not involved by the previous MI, de- 
fined by Q waves on the electrocardiogram, as shown in 
Figure 2. Criterion IIB discriminated most successfully 
the patients with high-risk CAD (p = 0.00052), with 65 
+ 12% sensitivity and 96 + 4% specificity (Fig. 3). 

Criterion IIC used the same thallium reading but 
classified separately 16 patients as nondiagnostic be- 
cause they had negative results on thallium imaging by 
this regional criterion; however, they had inadequate 
stress, that is, peak heart rate <85% of predicted. Cri- 
terion HIC discriminated successfully between high-risk 
and less extensive CAD (p = 0.000054, Fig. 3). Sensi- 
tivity (92 + 8%) and specificity (92 + 8%) were excellent 
by criterion ITIC. 

Criterion IID applied the same thallium reading of 
defects outside the vascular distribution of the infarct 
to the 27 patients who failed to achieve 85% of maximal 
predicted heart rate. Sensitivity was 67 + 12% and 
specificity was 92 + 8% to allow discrimination of pa- 
tients with left main or 3-vessel disease (p = 0.0029). 

Combined criteria: It was possible to combine cri- 
teria to improve sensitivity and specificity. For example, 
we considered a test result positive for anatomically 





high-risk CAD if any 1 of the following criteria was 
positive: IC, heart rate <85% of that predicted in a pa- 
tient not taking propranolol; ID, a blood pressure de- 
crease during exercise; or IIIB, thallium-201 imaging 
positive outside the vascular distribution of the-myo- 
cardial infarction. This combined criterion test was 82 
+ 8% sensitive and 83 + 8% specific to discriminate left 
main or 3-vessel disease (p = 0.000055). The predictive 
value was 78 + 10% and the predictive error was 14 + 
7%. This retrospectively defined combined criterion is 
not shown in Figure 3. 

The sensitivity of thallium imaging for defects outside 
the infarct to identify high-risk CAD (criterion IIIB) 
was higher in patients with previous inferior wall in- 
farction (100 + 9%) than in patients with previous an- 
terior wall infarction (45 + 15%, p = 0.037, Table VI). 

Influence of left ventricular dysfunction on 
noninvasive test results: Because of the possible in- 
fluence of irreversible myocardial damage itself on the 
results of exercise test criteria, we correlated global left. 
ventricular ejection fraction with the results of exercise 
test criteria to predict high-risk CAD. First, we used 
analysis of variance to determine that this group of 
patients after MI showed no relation between ejection 
fraction and the extent of CAD, confirming the previous 
reports from this laboratory.4° Next, we found that 5 of 
the criteria showed no association between the ejection 
fraction and the noninvasive test results, using a 2 by 
5 contingency table and chi-square test. We also found 
that the ejection fraction at rest did not correlate with 
the percentage of age-predicted maximal heart rate 
achieved during exercise testing: (r = —0.11, p >0.4), 
using analysis of variance to compare the slope of the 
linear regression equation to zero.*° Thus, using resting 
left ventricular ejection fraction as an index of the de- 
gree of irreversible damage resulting from the MI, we 
were not able to demonstrate any influence of the extent 
of myocardial dysfunction on either the extent of CAD 
or the noninvasive criteria to discriminate extensive 
CAD. 


Discussion 


Management of patients after a first MI could be 
improved by a noninvasive prediction of which patients 
have a poor prognosis and, therefore, might be most 
likely to benefit from aggressive therapy.!> It would be 
most desirable to identify patients at high risk specifi- 
cally, because of extensive CAD which is potentially 
reversible by surgery®!-42,49-5! rather than those patients 
at high risk due to irreversible left ventricular dam- 
age.>6.52 We set out to identify patients with left main 
or 3-vessel disease by exercise test criteria because re- 
cent evidence suggests that coronary bypass surgery 
may improve prognosis in such patients. }:2,31,92,49-61 

Thallium imaging criteria: The best criterion to 
distinguish high-risk CAD in. this study was to detect 
thallium image defects outside the coronary vascular 
distribution of the MI (criterion IIB). This finding is 
consistent with reports that exercise thallium imaging 
can identify jeopardized myocardium after MI? and 
can assess perfusion of specific coronary vascular dis- 
tributions.?9-304142 One preliminary report indicates 
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TABLE VI Differential Detectlon of High-Risk CAD After 


, Inferior Versus Anterior Wall MI 


Patients With Anatomically High-Risk Disease 











Sensitivity 
Inferior MI Anterior MI 
Criterion (n = 6) (n= 11) 
IA. Chest pain on treadmill 17 £15% 27413% 
IB. Heart rate <85% of predicted 10049%  82+12% 


50 +20% 82+12% 
17 £15% 454 15% 
100 £9%° 454 15%* 


IIA. S-T positive (all patients) 
IID. S-T positive outside infarct 
HIB. Thallium-201 positive outside 





Infarct 
Patients Without High-Risk Disease 
Specificity 
Criterion Inferior MI Anterior MI 





IA. Chest pain on treadmill 

IB. Heart rate <85% of predicted 

lA. S-T positive (all patients) 

lID. S-T positive outside Infarct 

HIB. Thatlium-201 positive outside 
Infarct 


71£17% 794 12% 
43419% 50413% 
29417% 57413% 
57 t19% 71+ 12% 
86 + 13% 100+ 6% 





* p = 0.037, comparing anterlor versus Inferior infarcts by Fisher's 
exact test. Other differences were not significant. 


that thallium imaging is not useful to detect multivessel 
disease after MI,54 although another indicates that 
thallium imaging is moderately useful.5> In the present 
study the sensitivity of thallium imaging in detecting 
high-risk CAD was greater after inferior wall infarction 
than after anterior wall infarction. This differential 
sensitivity of thallium imaging to detect ischemia of the 
anterior wall after inferior infarction is consistent with 
the finding in other patients from this laboratory that 
thallium imaging detects ischemia in the distribution 
of a stenotic left anterior descending coronary artery 
with greater sensitivity than in the distribution of a 
stenotic circumflex or right coronary artery; thallium 
imaging, however, detects infarcts (in contrast to 
ischemia) with equal sensitivity in the distribution of 
any 1 of the 3 vessels. Thus, thallium detects infarcts 
with equal sensitivity regardless of location, but iden- 
tifies transient hypoperfusion of noninfarcted myo- 
cardium supplied by a stenotic left anterior descending 
with greater sensitivity than other stenosed coronary 
arteries. 

It should be noted that the only false-positive finding 
on thallium imaging in the present study occurred in the 
only patient who had an inferior wall infarct and 2- 
vessel disease involving the proximal left anterior de- 
scending artery. Such patients may be at higher risk 
than patients with other 2-vessel disease.4? The greater 
sensitivity of thallium imaging to detect anterior wall 
ischemia after inferior wall infarction suggests that 
thallium imaging may detect this group reliably (Table 
VI). The sensitivity to thallium imaging to detect every 
diseased vessel in these patients was 48% (Tables II and 
III), lower than the 66% sensitivity reported by Massie 
et al?° (p <0.02). Massie et al required that a vessel be 
stenosed by 70% to be considered diseased, whereas we 
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required only 50% narrowing of luminal diameter in 2 
views. Nine of our patients had 50 to 69% stenosis, and 
findings on thallium imaging were positive in the dis- 
tribution of only 2 of these 9 vessels. Also, 66% of their 
patients achieved 285% of their predicted heart rate, 
while only 28% of our patients achieved this heart rate 
during exercise. Differences in criteria for coronary 
stenosis and peak heart rate achieved during exercise 
could explain the differences in the sensitivity of thal- 
lium imaging for identifying each abnormal vessel in 
this study and the study by Massie et al.30 

Also, the overall sensitivity of thallium imaging to 
detect high-risk CAD by identifying defects outside the 
infarct was improved marginally from 65 + 13 to 92 + 
8% (p = 0.108) by classifying separately 16 patients who 
had negative thallium imaging outside the infarct region 
but who had inadequate exercise stress, that is, who 
failed to achieve 85% of their predicted heart rate (Ta- 
bles II and II). 

Classifying these 16 test results as nondiagnostic in- 
creased sensitivity marginally with no decrease in 
specificity (96 + 4 to 92 + 8%), and represents the usual 
practice in calculating sensitivity and specificity for 
exercise electrocardiography.!>!7 It should be empha- 
sized that sensitivity of our criteria to detect high-risk 

-CAD was not the same as the sensitivity to detect any 
perfusion defect. Thus, findings on thallium imaging 
were abnormal in 38 of 40 patients, including the defects 
representing the MI. Thallium defects during exercise, 
which disappeared on the delayed rest image, did not 
distinguish high-risk CAD (p = 0.323) consistent with 
reports by others.®4 This criterion may have identified 
‘exercise-induced ischemia within the same coronary 
vascular distribution as the MI, since most of these 
patients had a history typical of angina pectoris. It has 
been found in dogs after infarction that the increase in 
blood flow during stress to noninfarcted tissue in the 
subepicardium which overlies the infarct is less than the 
flow increase to normal subepicardium; this could ex- 
plain ischemia after MI even in single-vessel dis- 
ease.>? 

Exercise electrocardiographic criteria: These 
data indicate that if the S-T segment response to exer- 
cise is positive at <70% predicted heart rate, there is a 
high probability (86 + 13%) of left main or 3-vessel 
disease in this population where there was a 43% prev- 
alence of high-risk CAD. This criterion IIC was specific 
5 + 4%) but not sensitive (33 +: 8%) for high-risk CAD 

(Fig. 3). 

These data are consistent with the suggestion that a 
positive S-T segment response to a low cardiac work 
load indicates severe, extensive CAD.!9 All other S-T 
segment criteria failed to discriminate high-risk disease, 
as shown in Table IV. Even the diagnostic quality ex- 
ercise electrocardiographic tests (criterion ITB) were not 
able to discriminate high-risk CAD because of low 

_ specificity (48 + 10%), which may be related to the re- 
ported electrophysiologic effects of the old MI on the 
S-T segment response. 20,21 Others have also noted that 
the leads in which the S-T segment is positive during 
exercise do not correlate closely with the vascular dis- 
tributions of stenotic coronary arteries.58 





Weiner et al!5 reported a good predictive value (79%) 
of positive exercise electrocardiographic results for 
multivessel disease after infarction, where the popula- 
tion had a 59% prevalence, and patients with nondiag- 
nostic test results were excluded (as in our criterion 
IIB). The predictive value of diagnostic exercise elec- 
trocardiography for multivessel disease was also 79% in 
our patients, not different from the results of Weiner 
et al. Another study by Chaitman et al!” reported that 
the S-T response had a sensitivity of 76% and specificity 
of 61% to identify 3-vessel disease after a single inferior 
wall infarct. Chaitman et al excluded 39% of their pa- 
tients for nondiagnostic tests, using the same guidelines 
as our criterion ITB. Our data support the conclusion of 
Chaitman et al!’ that exercise electrocardiography 
added little to the clinical history of chest pain to 
identify 2- or 3-vessel disease after infarction. Several 
reports indicate that exercise electrocardiography early 
after MI predicts short-term prognosis.!2-!4 Many of the 
patients in these studies!*-!4 achieved relatively low 
heart rates, so that these data may compare with our 
criterion JIC, positive S-T results at <70% of predicted 
heart rate. 

The short-term mortality rate after MI, however, is 
probably related more closely to infarct size and the 
extent of left ventricular dysfunction than to the extent 
of CAD.‘ Coronary bypass surgery exerts little bene- 
ficial effect on resting left ventricular function®? and 
appears most helpful in the presence of extensive CAD 


. and normal left ventricular function.?}° Thus, it must 


be emphasized that studies which link S-T response 
early after infarction to the short-term prognosis!2-4 
have not been shown to identify patients whose poor 
prognosis can be improved by therapy. The data in the 
present study suggest that exercise electrocardiography 
after infarction might actually be more useful if per- 
formed to a low work load, because a positive S-T result 
at a low work load (<70% age-predicted maximal heart 
rate) has a somewhat higher predictive value for 3-vessel 
or left main disease (86 + 13%) than does a positive S-T 
at any heart rate (50 + 15%). 

Clinical criteria during exercise testing: The 
clinical criterion IB of failure to achieve 85% of pre- 
dicted heart rate was useful in discriminating high-risk 
CAD (p = 0.017, Fig. 3). It was sensitive (88 + 7%). but 
had limited specificity (48 + 10%) in the entire group 
of patients because 20 to 40 patients were taking pro- 
pranolol at the time of the test. In patients receiving 
propranolol, the heart rate criterion could not dis- - 
criminate high-risk CAD (Table V) because beta 
blockade decreased the chronotropic response to exer- 
cise. In contrast, in 20 patients not receiving propran- 
olol, failure to achieve 85% of predicted heart rate (cri- 
terion IC) was 100 + 8% sensitive and 69 + 13% specific _ 
in discriminating high-risk CAD (p = 0.00052). These 
data indicated that an exercise treadmill test limited by 
development of symptoms, hypotension, or 2mm S-T 
depression can provide very useful data about the extent 
of CAD 8 to 24 months after MI, especially if the patient 
is not taking propranolol. This finding extends reports 
by others that chronotropic incompetence during ex- 
ercise testing is a useful indicator of CAD.6°.61 





$ 


Blood pressure decreased during exercise in only 3 
patients, but all 3 had 3-vessel disease, and 1 had ad- 
ditional left main disease (Tables HI and IV). Thus, 


criterion ID failed to significantly discriminate the- 


high-risk group (p = 0.069). These findings support the 
predictive value of exercise-induced hypotension as an 
indicator of severe, extensive CAD®:53, however, an 
increase in blood pressure during exercise, per se, has 
no value in ruling out severe CAD because of the low 
sensitivity of criterion ID (Table IV). 

Chest pain during the exercise treadmill test was of 
no value in discriminating left main and 3-vessel disease 
from less extensive CAD (p = 0.577). As indicated ear- 
lier, ischemia could occur in the subepicardium that 
survives within the vascular distribution of the pre- 
dominantly subendocardial infarction.5> Consistent 
with this, 4 of 13 patients with single-vessel disease had 
chest pain during exercise and even more had a clinical 
history typical of angina. These data indicate that an- 
gina pectoris could occur after infarction in single-vessel 
disease as well in 3-vessel disease; further, no patient 
with left main disease had chest pain during the exercise 
test. Thus, neither chest pain during an exercise test nor 
a history typical of angina pectoris provides a reliable 
indicator of anatomically high-risk CAD. This finding 
in a population of 40 patients referred for cardiac 


catheterization for medical indications may not be true 


in all patients. Indeed, the presence of angina pectoris 
was a major factor leading physicians to refer most of 
these patients. Further, exertional angina may be an 
indication for coronary angiography and surgery for the 
purpose of relieving symptoms. 

Clinical implications: indications for coronary 
‘angiography: The results of this study suggest guide- 

lines for deciding whether or not to refer a patient for 
coronary angiography after a first MI. An important 
objective in the management of such patients is to 
identify those whose prognosis may be limited by po- 
tential ischemia of noninfarcted myocardium.1? Coro- 
nary angiography seems indicated because of the high 
probability of left main trunk or 3-vessel disease in any 
patient who`has 1 or more of the following findings: (1) 
a defect on thallium imaging outside the coronary vas- 
cular distribution of the MI, (2) a decrease in blood 
pressure during exercise testing, (3) a positive S-T 
segment response at <70% of predicted heart rate, or (4) 
failure to achieve 85% of predicted heart rate in patients 
not taking propranolol and in the absence of limiting 
noncardiac disease. 

In contrast, if the physician managing a ı patient after 
` MI is considering coronary angiography primarily to 
‘rule out left main or 3-vessel disease, then these tests 

may help him decide that there is such a low probability 
of high-risk CAD that angiography can be avoided in 
some patients. If a patient has all of the following 
findings: (1) negative thallium imaging results in vas- 
cular distributions outside the MI, (2) an increase in 
blood pressure during exercise, and (3) a peak heart rate 
>85% of the age-predicted maximum, then the chance 


of left main or 3-vessel ‘disease should be very low. 


(predictive error 14 + 7% in our study population with 
a 43% prevalence of anatomically high-risk disease). In 
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a patient without disabling symptoms, the indications 
for coronary angiography would be weak if the above 
normal findings were present. 

The present study of primarily bacimabe patients, 
with a 43% prevalence of high-risk CAD shows a good 
predictive value for several of these criteria to detect 
high-risk CAD. Population prevalence influences pre- 
dictive value and predictive error of a test.43.44 The true 
prevalence of left main or 3-vessel disease after a first 
infarct is not certain, but the ranges of prevalence of 
multivessel disease, 3-vessel disease, or left main disease 
in the present study are similar to those in other stud- 
jeg. 7.8:10,11,15-17,31,32,39,40,49,51,53-56 It is likely that the 
prevalence of high-risk CAD in populations of patients 
who are selected by having a first infarct varies much 
less than does the prevalence of any CAD in different 
populations. Figure 4 indicates the effect of variation 
in the prevalence of high-risk CAD in a population on 
the predictions by defects on thallium imaging outside 
the infarct or by exercise electrocardiography. Con- 
sidering the numbers of patients involved, these graphs 
serve to illustrate important clinical trends, but they 
cannot predict the exact probability of high-risk CAD 
in a particular patient. Thus, differences in prevalence 
of high-risk CAD within the range discussed would have 
only small effects on predictive value and predictive 
error of these tests. Even if asymptomatic patients have 
a lower prevalence, for example, 10 to 20%, a negative 
test would further reduce the likelihood of high-risk 
CAD. Conversely, positive findings on thallium imaging 
outside the infarct would indicate a 56 to 72% proba- 
bility of high-risk CAD in the same patient population. 
Thus, these tests can probably help clinical manage- 
ment of patients who are completely asymptomatic 
after their first infarct. 

The ‘results of these exercise test criteria did not 
correlate with the resting left ventricular ejection 
fraction, suggesting that these exercise results were not 
determined by the extent of irreversible left ventricular 
damage 3 to 24 months after MI. This finding is im- 
portant because it offers the first support for the 


- premise that these criteria may predict the potentially 


reversible component of a poor prognosis after an in- 
farct, and, thus, be quite useful when screening patients 
after a‘first MI to determine who might benefit from 
surgery. Noninvasive exercise tests with thallium 
imaging offer a more cost- effective way to identify pa- 
tients who are at high risk due to extensive CAD after 
a first MI than would widespread use of coronary an- 
giography in every patient. Furthermore, the present 
study indicates that exercise thallium imaging is more 
accurate than exercise electrocardiography to identify 
3-vessel and left main coronary disease. These differ- 
ences should be noted in considering recent reports of 
exercise electrocardiography after infarction.5+67. 
Patients in the present study had exercise tests 3 to 
24 months after their first myocardial infarction (most 
between 3 and 6 months). Had we studied all patients ` 
2 to 4:'weeks after infarction, the results might have . 
differed, particularly for the clinical observations (cri- 
teria IA to ID). The S-T response to exercise might have 
changed over time, 2 weeks to 2 years after infarction, 
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‘Buk. it seems ieee likely: that: the esate of thallium 


imaging of defects outside the infarct would change: 


-More relevant to our study, it seems less likely that there 


would be major changes i in noninvasive test results after 
“a person had fully recovered from infarction for 3 
months. Thus, the results of the present study are most 
applicable to patients who have fully recovered from: a 
‘first infarct, for 3 to 24 months, 
Most deaths occur within the first 6 months after 
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infarction," 4 and several studies have performed exer- . 


cise tests 2 to 4 weeks after infarction in an attempt. to 
_identify these patients.!3.!4,53,64-67 A major limitation 
of these studies is that most of the early deaths are re- 
lated to electrical and mechanical complications of large 


‘infarcts, and it is‘not clear that medical or surgical’ 


therapy will alter the natural history: for these patients. 
.For this reason we-were more interested in identifying 
‘patients who had extensive CAD jeopardizing nonin- 
‘farcted myocardium since medical and surgical therapy 
should be more effective in this: group. 
Cost-effectiveness of exercise testing after MI 
‘(Table VII): It is: extremely difficult to measure cost- 


‘effectiveness of medical diagnostic tests,2568 but the cost ` 


Of.exercise tests with electrocardiography and thallium 


: imaging require justification. Estimation of effective- . 
ness or quality of care is most difficult, but we made 3 - 


assumptions for our population., First, we assumed that 
good quality of care would require identification of the 
‘maximal number of patients with left main or 3-vessel 


disease while performing the minimal number of eardiac = 


catheterizations. The potential for poor quality of care 
dueto suboptimal management of high-risk CAD seems 


more serious than does the small risk and inconvenience 
‘of extra cardiac catheterizations. Some patients would 
require angiography for other reasons such as intrac-’ 
table anginal symptoms. Calculating costs is also diffi-- 


‘cult, but we made several assumptions about our pop- 
alation-and the relative costs of the tests, as shown in 


“Table VII. A different diagnostic approach is shown i in 


each panel, A to É. Panel A assumes that every patient 
néeds every.test after MI; this is the most expensive 
‘approach, as’ expected. Panel B assumes that every 
patient after infarction needs angiography, and non- 
invasive tests should be avoided asunreliable and costly. 
Widespread application of this approach would greatly 
increase the number of coronary angiograms. The ap- 
proach does save 15% relative to approach A, but this 


saving may be misleading because of the need for an- | 


giography in every patient after MI. Panel C assumes 
_that patients with typical angina after an infarct should 
all have angiography without noninvasive tests, and 


patients without angina should have exercise electro-, 


cardiography and be referred to catheterization if the 
S-T segment response is positive. This approach would 


fail to identify 1 of 17 patients with high-risk CAD,? but 


saves 23% relative to approach A. 


-Panel D assumes that all patients should have exer- - 


‘cise electrocardiography, and those with’a positive S-T 
response should have. angiography. The 44% financial 


saving in this approach is offset by missing 5 of 17 (29%) 
patients with high-risk CAD because of the low sėnsi- ` - 


tivity of the S-T response. 


Estimated Cost-Effectivaness of Screening 














TABLE VII 
BS Patients for Left Maln or 3-Vessel CAD After MI - 
by Exercise Tests With Electrocardlography - 
(Ex-ECG) and Thalllum-201 (TI- en magng 
and Coronary Angiography 
Pts With Left 
ae Main/3-Vessel . ° 
Cost X N (Pts). = Total Disease Missed. 
A. All Tests in Every Patlent E 
ECG&TI-201 $450 X40 =$ 18,000 i 
Anglography $3,000 X40 = $120,000 | ere 
_ = $138,000 None missed : 
B. Anapara in All Patlents, No Exercise Tests a 3 
ECG&TI-201° $0 =$0 |. 
Angiography $3,000 X40 = $120,000 fo tog 
= $120,000" None missed _ 











` C, Exercise ECG (but no TI-20 1) in Patients Without Typical Angna, 


Anglography if Patient Has Typical Angina- 
` or Positive Exercise ECG Results . 














. ExECG ' $150X10 =$ 1,500 
Angiography „1991000 x35 = $105,000 
' = $106,500, Misses 1 of 47 es 
D. Exercise ECG in all Patients, ae 
Angiography if Positive ECG Results 
ExECG , $150X 40 ` =$ 6,000 
Anglography ` $3,000 X24 = $72,000 


= $78,000 Misses 5 of 17 pts: . 


E. Exercise T+201 in all Patients; Angiography If T-201 is Positive 
Outside the Infarct Reglon, or if Blood Pressure Decreases During. 
Exercise, or if a Patlent Without Propranolol Fails to Achieve 857 S 




















of Predicted Heart Rate 
TI-201. ; ` $300 X40 = = $12, 000 
Anglography . $3,000 X20 = $60;000 


= $72,000 ' Misses 1 of 17 pts : 


tients tested x test fee. Fee = $150 for ' 
and 00 for thaillum-201. Pts = pa- 





` Cost = number (N) of 
electrocardiography (ECC 
tlents: 


Panel E uses the approach suggested by our TE al 
patients should have exercise testing with thallium 
imaging and clinical observation. Electrocardiography. ` 
would be used only to monitor for arrhythmias. Patients. 
are referred for angiography if they, have thallium de- 


fects outside the vascular distribution of the infarct, ' or. 
if they have a decrease in blood pressure during exercise,’ ` 


or if patients not taking propranolol fail to achieve 85%: 
of their age-predicted maximal héart rate during exer-. 
cise. The small extra cost of thallium imaging is.offset 
by the increased’ accuracy of the test when patients with 


-negative thallium i imaging at adequate heart rates are 


not referred for angiography. The financial saving is 48%... 
relative to approach A, 40% relative to approach B 
(angiography in all patients after MI), 32% relative to` 


approach C, and 8% relative to approach D.-While-only 


1 of 17 patients with anatomically high-risk disease is. 
missed by approach E; 5 of 17 high-risk patients’ were 
missed by approach D., 

Again; these estimates of cost-effectiveness aré not ; 


_ definitive; however, they illustrate the high cost of ex-. mk 


he a | 
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cessive tests, the potential decline in quality of care if 
an unreliable test such as the exercise electrocardiogram 
is relied upon too heavily, and an apparent justification 
of exercise testing with thallium imaging as a cost-ef- 
fective approach to screening patients for high-risk CAD 
after MI. The population of the present study repre- 
sented patients selected by their physicians for cardiac 
catheterization because of a probability of high-risk 
disease. If the general population of patients has a lower 
prevalence of high-risk CAD, then Figure 4 would pre- 
dict a higher percentage of patients with negative 
findings on thallium imaging. This trend would reduce 
further the cost of approach E relative to performing 
angiography in all patients after MI. 
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| 


Papillary Muscle Rupture Complicating Acute Myocardial 
Infarction: Analysis of 17 Patients 


RICK A. NISHIMURA, MD, HARTZELL V. SCHAFF, MD, CLARENCE SHUB, MD, 
BERNARD J. GERSH, MB, ChB, DPhil, WILLIAM D. EDWARDS, MD, and 


ABDUL J. TAJIK, MD 


The records of 17 patients (10 men and 7 women) 


with the diagnosis of acute papillary muscle rupture 
secondary to acute myocardial infarction (AMI) 
were reviewed to determine the clinical course and 
pathologic features of this entity. Eight patients 
underwent operation after papillary muscle rupture 
had been diagnosed, and 9 had the diagnosis con- 
firmed at autopsy without a prior surgical procedure. 
The ages were 44 to 80 years (mean 64). The site 
of AMI was Inferolateral in 15 and anterior In 2. The 
recorded onset of mitral regurgitation ranged from 
<24 hours to 28 days after AMI (mean 6 days). Of 
the 11 patients presenting with pulmonary conges- 
tion alone, 6 remained stable and had subsequent 
mitral valve replacement and coronary artery by- 
pass graft operation; however, 5 patients’ condition 


Papillary muscle rupture, a rare but well-documented 
complication of AMI, usually occurs 2 to 7 days after 
AMI and leads to acute mitral regurgitation (MR), 
pulmonary edema, cardiogenic shock, or some combi- 
nation of these findings.! If this rupture is untreated, 
the prognosis is poor; an 80% mortality rate in the first 
week has been reported.? Wei et al! estimated that 0.4 
to 5.0% of all deaths after AMI are associated with pa- 
pillary muscle rupture. Prompt diagnosis, hemody- 
namic stabilization (with intraaortic balloon support, 
if necessary), and mitral valve replacement combined 
with coronary artery bypass operation may improve the 
poor natural history. We reviewed the records of pa- 
tients diagnosed as having papillary muscle rupture at 
the Mayo Clinic from 1939 to 1981, with particular at- 
tention to the clinical course and pathologic features. 
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Manuscrlpt received June 29, 1982; revised manuscript received 
September 2, 1982, accepted September 3, 1982. 

Address for reprints: Rick A. Nishimura, MD, c/o Section of Publi- 
catlons, Mayo Clinic, Rochester, Minnesota 55905. 


initially stabilized with medical therapy and then 
suddenly deteriorated after a variable period (1 to 
60 days), followed by death. Of the 6 patients who 
presented with systemic hypotension and pulmonary 
congestion, 4 were treated medically and dled; 1 of 
the 2 who had surgical treatment survived. The ex- 
tent of the AMI at autopsy was small and was limited 
to the subendocardium in half of the patients. Sig- 
nificant coronary artery disease was limited to a 
single vessel in 7 of 14 patients. The unpredictable 
and rapid clinical deterioration and the limited extent 
of coronary atherosclerotic disease and infarct size 
suggest that early surgical repair should be under- 
taken In patients with papillary muscle rupture after 
AMI. 


Clinical Profile 


Excluded from the analysis were patients with chordal 
rupture, papillary muscle dysfunction, and papillary muscle 
rupture unassociated with coronary heart disease. Seventeen 
patients (10 men and 7 women) had papillary muscle rupture 
secondary to AMI. Of these patients, 8 had undergone oper- 
ation for papillary muscle rupture (Group 1), and 9 had the 
diagnosis confirmed at autopsy (Group 2) and had not un- 
dergone operation. The ages of the overall group ranged from 
44 to 80 years (mean 64); the mean age was 58 years in Group 
1 and 69 years in Group 2. Only 1 patient had a history of 
documented prior AMI that healed. Four patients had had 
stable exertional angina before the AMI, and 12 patients had 
no history of angina or AMI. Three patients had a history of 
systemic hypertension. 

All patients had a recent AMI substantiated by electro- 
cardiographic changes, postmortem examination, or both. 
Electrocardiograms were available in 14 patients; the site of 
AMI was inferior in 10, anterior in 1, and of undetermined 
location in 3. The AMI was subendocardial in 8 patients and 
transmural in 6 patients. The recorded onset of MR ranged 
from <24 hours to 28 days after clinical AMI (mean interval 
6 days), occurring earlier than 24 hours in 3 patients and later 
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than 5 days in 4 patients (Tables J and II). A loud precordial 
holosystolic murmur was heard in all but 2 patients; these 2 


patients had severe pulmonary edema with shock and died’ 


within 24 hours after the onset of papillary muscle rupture. 
One of these 2 patients had total rupture of the papillary 
muscle. Auscultatory evidence of pulmonary congestion was 
present in all patients. Eleven patients presented with pul- 
monary congestion alone, and 6 patients had pulmonary 
congestion in association with systemic hypotension (systolic 
blood pressure <90 mm Hg). 


Methods 


Noninvasive: Of the 6 patients in Group 1 in whom papil- 
lary muscle rupture was diagnosed after 1972, 4 underwent 
M-mode echocardiography. Three studies demonstrated the 
typical] flail mitral leaflet with systolic posterior motion, in 
combination with shaggy echoes and diastolic flutter; the re- 
maining study demonstrated a hyperdynamic septum with 
increased D-E excursion of the mitral valve. The posterior left 
ventricular wall was hypokinetic in 2 studies, and normal wall 
motion was seen in the other 2 studies. Three patients un- 
derwent 2-dimensional echocardiography. Two patients had 
localized hypokinesia of the inferobasal wall, and the third 
patient had a large inferior akinetic area extending from the 
apex to the base. Partial rupture of the head of the postero- 
medial papillary muscle could be seen in 2 of the 3 patients; 
the muscle was attached to the chordae and “swinging” into 
the left atrium. 

Invasive: Cardiac catheterization was performed in 6 pa- 
tients, and bedside hemodynamic monitoring (Swan-Ganz 
catheterization) was done in 1 additional patient (Table D. 
‘The mean pulmonary arterial wedge pressure in these patients 
was 21 mm Hg (range 17 to 31), with a peak V wave mean of 
55 mm Hg (range 38 to 66). The mean cardiac index was 2.4 
liters/min/m? (range 1.9 to 2.8). In all 6 patients who under- 
went left ventricular cineangiography, dense opacification of 
the left atrium confirmed the presence of severe MR. Coronary 
cineangiography was performed in 5 patients; 2 had severe 
(>75% stenosis) 3-vessel disease, 1 had 2-vessel disease, and 
2 had single-vessel right coronary artery disease (Fig, 1). Left 
ventriculography revealed ventricular dilatation and regional 
wall abnormalities in all 5 patients. One patient had global 
reduction in left ventricular function; the remaining 4 patients 
had normal ventricular function. The mean left ventricular 
ejection fraction was 51% (range 32 to 60%). In 1 patient, a 
radiolucent mass—thought to be the head of the ruptured 
papillary muscle—was noted to 5 prolapse into the left atrium 
during systole. 


Number of 
patients 








SER 


D8 vessels 2 vessels 1 vessel, 
or 
thrombus alone 
FIGURE 1. Extent of coronary artery disease In patlents (from Groups 
1 and 2) with papillary muscle rupture. Significant disease was defined 
as >75% stenosis of the cross-sectional dlameter. 
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Course and management: Operation was performed in 8 
of 17 patients from 1968 to 1981. Seven had elective mitral 
valve replacement performed 76 to 155 days after AMI. All 
patients in whom elective operation was performed had sat- 
isfactory | left ventricular function and a cardiac index 22.3 
liters/min/m2. One Ionescu-Shiley, 1 Smeloff-Cutter, and 6 
Starr-Edwards prostheses were used. Concomitant coronary 
bypass grafting was performed in 3 patients; 1 had 3 grafts 
(right coronary, obtuse marginal, and left anterior descending 
arteries), 1 had 2 grafts (right coronary and left anterior de- 
scending arteries), and the third had a single graft (right 
coronary artery). All 7 patients survived the operative pro- 
cedure. One patient died in the postoperative period from a 
pulmonary artery rupture from an occluding Swan-Ganz 
catheter balloon. 

One patient underwent an emergency operation 18 days 
after a large transmural inferior AMI. This patient underwent 
operation because of sudden cardiogenic shock; because of 
hemodynamic deterioration, he could not be weaned from 
cardiopulmonary bypass. Preoperative 2-dimensional echo- 
cardiography had demonstrated a large akinetic inferior wall 
extending from the base to the apex of the left ventricle and 
rupture of the posteromedial papillary muscle. The cardiac 
index was 1.9 liters/min/m?. 

Of 11 patients who presented with congestive heart failure 
unaccompanied by hypotension, 6 remained stable preoper- 
atively; however, 5 patients had sudden deterioration and 
death occurring at 1, 3, 6, 30, and 60 days, respectively, after 
the onset of mitral regurgitation (Fig. 2). Of 6 patients who 
presented with pulmonary edema and hypotension, 4 died 
within the first 24 to 48 hours. One patient’s condition stabi- 
lized with use of vasodilators and an intraaortic balloon pump 
and a successful operation was performed 72 days later. In 
another patient, treatment with vasodilators resulted in a 
stabilized condition; 2-dimensional echocardiography dis- 
closed a partial rupture of the papillary muscle. Seven days 
later, abrupt deterioration necessitated surgical intervention. 
At operation, complete rupture of the papillary muscle was 
found. The patient died. 

Pathologic material (Table II): From 1939 to 1972, 9 
patients who did not undergo an operation died after the onset 
of MR and had postmortem examinations. Five deaths oc- 
curred <48 hours after the onset of congestive heart failure. 

The posteromedial mitral papillary muscle was involved 
in 8 patients; 1 patient had rupture of the anterolateral mitral 
papillary muscle. Among all specimens, 2 had complete de- 
hiscence of the papillary muscle. The other 7 hearts demon- 
strated either partial rupture of the posteromedial papillary 
muscle (rupture of 1 of 2 or 2 of 5 heads) or incomplete rupture 
of a single trunk. 


CHF alone CHF and hypotension 
(11) (6) 

Sudden Stable Stable Stable (1) Death in 
deterioration (5) (6) (1) (partial rupture) 48 hb (4) 
(5) Surgery Deterioration (1) 

(at 1,3, 6, 30, (7) (complete rupture ) 
and 60 days ) 
Survival Death Surgery (1) 
(8) (1) 
Death (1) 


FIGURE 2. Clinical course of patients with rupture of papillary muscle. 
CHF = congestive heart fallure. 
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Inferoposterior AMI was transmural in 4 patients and was 
limited to the subendocardium in 5 patients; 2 of the suben- 
docardial infarctions were clinically suspected to have been 
transmural because of the presence of Q waves in the elec- 
trocardiogram. Five infarcts involved a relatively small area 
. of the myocardium (<6 cm?). Both total papillary muscle 
ruptures were associated with extensive transmural infarcts. 
Three patients had had previous AMI that healed. 

The extent of coronary arterial disease was determined by 
examination of serial cross sections of the coronary arteries 
at 3-mm intervals. Obstruction of 275% of the cross-sectional 
area was considered significant (Fig. 1). Four patients had 
significant obstruction in 2 or 3 coronary arteries. Two pa- 
tients had single-vessel disease. In the remaining 3 patients, 
a thrombus with no apparent underlying atherosclerotic lesion 
was present at the site of occlusion. 


Discussion 
Cardiogenic shock after AMI can be caused by many 


factors but usually is the consequence of extensive . 


myocardial damage; the prognosis for affected patients 
is disinal despite new therapeutic options.? Thus, the 
incentive to identify a potentially reversible cause of 
cardiogenic shock is great. Approximately 15% of all 
patients with fatal AMI have complications attributable 
‘to some degree of myocardial rupture and may be po- 
tentially salvageable.!4 In 1 reported series, 85% of 
‘patients with myocardial rupture had-rupture of the free 
wall of the left ventricle, 10% had a ventricular septal 
defect, and 5% had an acute papillary muscle rupture. 
The first antemortem diagnosis of a ruptured papillary 
. muscle was reported in 19486: since then, several series 
of papillary muscle rupture—totaling more than 160 
patients—have been reported.”.5,7-11 
_ The arterial supply to the papillary muscles consists 
of small coronary vessels derived from the large epi- 
cardial arteries, which in turn traverse the entire 
thickness of the left ventricular wall and the papillary 
muscles themselves. The excessive length of the arteries 
and their subendocardial location may account for the 
susceptibility to ischemia.*!2 Because of a single blood 
‘supply from the posterior descending artery to the 
posteromedial papillary muscle, the latter is involved 
with ruptures'6 to 12 times more frequently than the 
anterolateral muscle, which has a dual blood supply 
from the left anterior descending and left circumflex 
coronary arteries.12.5.12 ` 
The clinical course is characterized by the onset of 
.pulmonary-edema or hypotension (or both), usually 2 
to 7 days after an AMI.! A systolic murmur is usually 
heard but may seem inconsequential because of the 
dynamics of acute MR and resultant pressure equali- 
zation between the left atrium and the left ventricle.!8 
In the setting of an AMI, ventricular septal defect!+-!6 
‘and papillary muscle dysfunction!” must be considered 


when a new systolic murmur appears in association with 


clinical deterioration. 

The 2-dimensional echocardiogram has been shown 
to be useful in this differential diagnosis. Direct visu- 
alization of a ventricular septal defect has been dem- 
onstrated by 2-dimensional echocardiography.!5!6 The 
echocardiogram may also be useful in distinguishing 
- papillary muscle dysfunction from rupture.? Papillary 
muscle dysfunction is usually found in conjunction with 


large transmural AMI and major wall motion abnor- 
malities. The papillary muscle itself may appear echo- 
dense and notably hypokinetic; these factors result in 
improper coaptation of the mitral leaflets.!8 Alterna- 
tively, papillary muscle rupture may result in a flail 
mitral leaflet and extension of a portion of the flail 
leaflet into the left atrium during systole. Coarse dia- 
stolic or systolic fluttering of the flail leaflet may be 
seen.!9,20 In 2 previous reports,®?! the belly of the pa- 
pillary muscle itself had ruptured and could be directly 
visualized as a mass attached to the chordae, as was seen 
in 2 of the 3 patients described in our study. 
Treatment of papillary muscle rupture has consisted 
of medical and surgical management. Medical treat- 
ment alone has been unsuccessful in most of these pa- 
tients. Studies in the presurgical era showed a poor 
prognosis: 33% of the patients died immediately, 50% 
died within the first 24 hours, and only 6% survived 
longer than 2 months.” Vasodilator therapy, intraaortic 
balloon pumping, and surgical procedures with im- 
proved myocardial protection have increased the 
number of survivors with this previously fatal compli- 
cation.78:11,22.23 Replacement of the mitral valve in a 
patient with papillary muscle rupture was first per- 
formed successfully by Austen et al! in 1965. With a 
satisfactorily functioning left ventricle, patients have 
survived rupture of the entire trunk of the papillary 
muscle with surgical intervention.22 Recently, mitral 
valve repair has been successful in this situation.*4 
The optimal timing of surgical intervention remains 
unclarified. Patients with acute MR after AMI have a 
reported 35 to 50% mortality when an operation is per- 
formed within 30 days after the acute event.*8 If oper- 
ation is delayed for more than 3 months after AMI, 
operative mortality is reported to be lowered to 15 to 
25%.48 This delay in surgical intervention results in a 
selection process whereby patients with relatively good _ 
ventricular function and less severe MR eventually 
become candidates for valve replacement or repair. This 


strategy may result in excellent surgical survival; how- : | 


ever, overall salvage of patients with acute MR due to 
papillary muscle rupture might be improved by pro- 
ceeding with valve replacement (and coronary artery’ 
bypass grafting, if necessary) early after the diagnosis 
is made, even in patients whose symptoms are con- 
trolled. With the use of diuretic drugs and the. newer 
afterload reduction agents, stabilization for 1 to 3 
months may be possible; nonetheless, the labile course 
with rapid clinical deterioration and death seen even 
after stabilization in our series shows that this delay is 
not without risk. 

The pathologic features of coronary artery disease 
associated with the papillary muscle rupture in this © 
study are of important clinical relevance. Half of the 
postmortem examinations showed small areas of myo- 
cardial infarction limited to the subendocardium, sur- 
rounding the papillary muscle. This relatively small area 
of infarction associated with papillary muscle rupture 
has been reported by others.! Conceivably, patients with 
smaller infarctions may be more prone to ruptures, as 
their relatively good ventricular function may result in 
a greater “shearing” force at the site of potential rup- 
tures. The extent of coronary artery disease seen in 


patients undergoing angiography or at autopsy was also, 
in most cases, not extensive. Seven of 14 had either 
single-vessel disease or the absence of significant coro- 
nary artery disease (Fig. 1). Both the relatively minimal 
involvement of the myocardium and the moderate ex- 
tent of coronary artery disease portend a good prognosis 
if the hemodynamic abnormality itself can be cor- 
rected. 

Mortality in the postoperative period is primarily due 
to inadequate myocardial function and recurrent 
myocardial infarction.” Concomitant coronary artery 
bypass grafting should be considered. Because 2-di- 
mensional echocardiography provides regional and 
global assessment of left ventricular function, it may 
eliminate the need for left ventricular angiography, 
especially in those patients who remain hemodynami- 
cally unstable. We do, however, recommend early cor- 
onary cineangiography to delineate the coronary anat- 
omy before valve replacement or repair. 

Although papillary muscle rupture is an uncommon 
complication of AMI, it is life-threatening and may be 
potentially curable. When a new systolic murmur de- 
velops in the setting of an AMI, the pathogenesis may 
be elucidated by 2-dimensional echocardiography. An 
early surgical approach seems reasonable in patients 
with acute papillary muscle rupture; this will probably 
result in an increase in surgical mortality but may im- 
prove overall patient salvage. In stable patients, dete- 
rioration may be sudden and unpredictable, and thus 
delay in the timing of operation is risky. In patients with 
hypotension, mortality with medical therapy is high; no 
patient in our study survived on medical therapy alone. 
This prompts us to consider early surgical intervention 
in all patients with papillary muscle rupture, irrespec- 
tive of their clinical presentation. 
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Comparative Rates of Resolution of QRS Changes After | 
Operative and Nonoperative Acute Myocardial Infarcts 


DAVID E. ALBERT, MS, ROBERT M. CALIFF, MD, DAVID A. LeCOCQ, 


RAY A. McKINNIS, PhD, RAYMOND E. 


_An Independently developed and previously vali- 
dated QRS scoring system for estimating myocardial 
Infarct size has been used to compare the devel- 
opment and regression of changes associated with 
myocardial infarcts occurring in 2 different clinical 
settings. It is known that QRS changes suggesting 
myocardial Infarction occur after coronary artery 
bypass grafting. Thls study compares the magni- 
‘tudes and time courses of these QRS changes In 40 
patients with the QRS changes observed In a control 
group of 46 patients with nonoperative acute myo- 

‘cardial infarcts. Only patients in both groups who 
had a baseline electrocardlogram (ECG) with no 

‘evidence of previous myocardial infarcts, ventricular 
hypertrophy, or bundle branch block were Included. 


Many studies have used the ECG to estimate the inci- 
dence of perioperative myocardial infarction. This has 
been complicated by observations that in some patients 
there is rapid resolution of QRS changes! or that new 
‘Q waves are due to the “unmasking” of old infarcts.” 
These observations have led to questions regarding the 
comparability of perioperative with nonoperative 
myocardial infarcts as diagnosed by the ECG. 
_ Changes in the QRS complex of the standard 12-lead 
- ECG have been shown to correlate with both the size of 
infarcts as determined at postmortem examination? 
arid the extent of damage as determined by radionuclide 
ventriculography® during the first year after acute in- 
farction. This study examines the hypothesis that QRS 
changes suggestive of perioperative myocardial in- 
farction that persist until hospital discharge will un- 
dergo a subsequent rate of resolution which exceeds that 
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Both groups attained similar peak QRS scores during 


~ the acute phase but different rates of resolution of 
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scores were observed. During the subsequent 2 
months, regression of QRS changes occurred more 
rapidly in the perloperative group than in the control ` 
group (43 versus 19%). Rates of regression were 
similar in both groups during the remainder of the 
follow-up perlod, attaining total decreases of 62% 
In the operative group and 37 % in the nonoperative 
group by 18 months. These results could mean elther 
that factors other than acute Infarction are respon- 
sible for the perloperative QRS changes or that the 
infarct healing process In the 2 clinical settings are. 
quite different.. ` 


of nonoperative infarcts. Infarct size calculated from the ~ 
QRS score may appear similar to that in the nonoper- 
ative infarcts initially, but subsequent variations in 
resolution of the QRS changes would indicate that 
ultimately the perioperative infarcts involved less 





myocardium. 
TABLE! QRS Scoring System” 
Maximum 

Lead Duration (ms) Amplitude Ratios Points 
l Q 230 (1) R/Q <1 (1) 2 
Il Q 240 (2) 

Q 230 (1) 2 
aVL Q = 30(1) R/Q <1 (1) 2 
aVF Q = 50 (3) R/Q <1 (2) Á 

Q >40 (2) 

Q 230 (1) R/Q <2 (1) 5 
Vi Any Q (1) i 

R 250 (2) l ; 

R >40 (1) R/S 21 (1) 4 
Vo Any Q or R <20 (1) 

R >60 (2) 

R 250 (1) R/S 21.5 (1) 4 
V3 Any Q or R $30 (1) 1 
V4 Q 220 (1) R/Q or R/S $0.5 (2) 

R/Q or R/S <1 (1) 3 
Ve Q 230 (1) R/Q or R/S <1 (2) 
R/Q or R/S <2 (1) 3 

Ve Q 230 (1) R/Q or R/S <1 (2) 


R/Q or R/S £3 (1) 0 8. 





* The number of polnts awarded for meeting each criterion is in 
parentheses. 








MEAN QRS SCORE 


FIGURE 1. These curves Illustrate the 
resolution of mean QRS scores In the 
operative and nonoperative groups. The 1 
points indicated on both curves repre- 
sent the scores obtained on the 12-lead 
ECG from baseline (preoperative or 


admission), day 1 to 5 (maximum 0 53 106 


score), day 14, day 60, and 18 
months. 


Methods 


QRS scoring method: Points were assigned on the basis 
of absolute duration of Q and R waves and amplitude ratios 
of the QRS components in 10 leads of the standard 12-lead 
ECG (Table I). This system consists of a total of 29 points and 
a score of >2 has a 98% specificity for identification of a 
myocardial infarct in the absence of confounding cardiac 
problems.? 

Patient population: Twelve-lead ECGs were reviewed 
from all patients who underwent coronary artery bypass 
grafting at Duke University Medical Center or who were ad- 
mitted to the Duke University Medical Center coronary care 
unit between 1972 and 1978. Patients with a previous myo- 
cardial infarct, a persistent intraventricular conduction ab- 
normality (left anterior or posterior fascicular block, left or 
right bundle branch block), or ventricular hypertrophy by the 
Estes (left ventricular hypertrophy)” or Sokolow (right ven- 
tricular hypertrophy)? criteria were eliminated from the study. 
The effect of these conditions on the QRS complex could limit 
its ability to indicate myocardial infarct size. Patients were 
included in the study only if they had a baseline ECG with <3 
points and a subsequent ECG that gained at least 2 additional 
‘points. In the nonoperative group, the baseline ECG usually 
was obtained in the emergency room and in the operative 
group it was acquired during the 24 hours before surgery. A 
patient from the operative group was included in the study 











TABLE II Anatomic Distribution of Acute Myocardial 
Infarcts 
Operative Nonoperative 
Group Group 
Infarct Location (n = 40) (n = 46) 
Anterior 19 15 
Inferior 14 25 
Posterolateral 2 3 
Multiple 5 3 








@Operative Group (n* 40} 
ONonoperative Group (n46) 
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159 212 265 318 371 424 477 
DAYS POST INFARCTION 


530 546 


only if QRS changes indicative of an acute infarct appeared 
within 24 hours after the surgical procedure. Also, only pa- 
tients with a QRS score which remained greater than that of 
the baseline ECG for at least 14 days were included. 

ECGs from the following intervals were analyzed: baseline; 
daily through day 5; and closest to day 14, to day 60, and to 18 
months after the acute infarct. ECGs were obtained success- 
fully in 100% of the baseline, day 0 to 5, and day 14 intervals. 
Follow-up ECGs were obtained at 60 days in 95% of the op- 
erative group and 96% of the nonoperative group. At 18 
months, ECGs were obtained in 75% of the operative group 
and 86% of the nonoperative group. 

Total resolution of the QRS score was defined as a return 
of the QRS score to the baseline level. Near-total resolution 
was defined as return of the QRS score to within 1 point of 
baseline. 

Statistical methods: A linear regression line was fitted for 
the natural log of the scores of each patient against the square 
root of time. The 2 groups were compared using the individual 
slopes (rate of change) and intercepts of the regression lines 
with the Wilcoxon ranked sums test. Thus, the initial value 
and the rate of resolution of the QRS changes were compared 
rather than the static scores around each particular time in- 
terval. 

The percentage of patients with complete resolution of the 
QRS score was compared using Fisher’s exact test. 


Results 


There were 40 patients in the operative group and 46 
patients in the nonoperative group. The anatomic dis- 
tribution of their infarcts by ECG is shown in Table II. 
According to the ECG, all patients in the operative 
group had infarcts in the distribution of a grafted cor- 
onary artery. 

The development and regression of mean QRS scores 
in both groups are illustrated in Figure 1. The mean 
baseline level of QRS scores was similar in the groups 
(0.2 points in the operative group and 0.4 points in the 
nonoperative group). During the first 5 days after the 
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acute event, the scores increased to similar mean peaks 
lof 6.5 in the operative group and 6.9 in the nonoperative 
group (p = 0.85). The distribution of peak QRS scores 
within the 2 groups was also similar. Between days 5 and 
60, the slope of the curve relating QRS score to time was 
steeper in the operative group than in the nonoperative 
group (p = 0.03). While QRS scores continued to de- 
crease between day 60 and 18 months in both groups, 
the slopes of the curves were similar. In the operative 
group, the mean QRS score at 18 months was closer to 
the baseline score than to the peak score, having de- 
creased by 62%. The mean decrease in QRS score by 18 
months in the nonoperative group was 37%. 

Table III depicts the number of patients in each 
group who had total or near-total resolution of their 
QRS changes during follow-up. At 60 days, 11% of the 
operative group had total resolution compared with 
none of the nonoperative group (p = 0.05). At 18 
months, no significant difference in total resolution 
could be found between the 2 groups. At both time pe- 
riods, however, more operative patients had near-total 
resolution than nonoperative patients (p = 0.02 at 60 
days; p = 0.03 at 18 months). 


Discussion 


- The QRS scoring system developed by Selvester et 
al? and simplified and modified by Wagner et al? is 
based on the computer simulation of the human myo- 
cardial activation sequence documented by Durrer et 
al.!0 It achieves high specificity in normal controls? and 
correlates with the anatomic extent of single infarcts in 
the anterior‘ and inferior® aspects of the left ventricle. 
In the present study, the peak QRS score of the group 
with operative infarcts was similar to that of the non- 
operative group, suggesting either that similar extents 
of infarction developed in both groups or that the initial 
extent of infarction was not as large as indicated by the 
QRS score in the operative group. 

QRS changes tend to resolve gradually after acute 
‘infarcts.!!-13 In the studies that compared the QRS 
score with the anatomic infarct size,** the correlation 
between the size estimated from the final ECG before 
death and the observed size was similar when the ne- 
crosis was acute and when there was a fibrotic scar. This 
observation suggests that the reason for QRS resolution 
is the “resolution” of the infarct itself. The “healing” 
process results in the resolution of edema and cellular 
infiltration of the inflammatory response and retraction 


TABLE II Resolution of QRS Changes in Patient Groups 














60 Days 18 Months 
Total* Near-Totalt Total" Near-Totalt 
` Operative 4/38 13/38 7/30 16/30 
group (11%) (34%) (23%) (53%) 
Nonoperative 0/44 4/44 5/39 7/39 
group (0%) (9%) {13%) (18%) 
p=0.05 p=0.02 p=0.26 p=0.03 








* Return to baseline QRS score; t return to within 1 point of baseline 
QRS score. - 


of the scar tissue. This is accompanied by hypertrophy 
of adjacent myocardium. Thus, the percentage of left 
ventricle that contains nonviable tissue may be greater 
during the necrotic stage than in the fibrotic stage of 
myocardial infarction. 

Perioperative infarcts are marked by contraction- 
band necrosis, indicating that a period of occlusion has 
been followed by reperfusion.!4 Intraoperative studies 
indicate that these infarcts frequently begin early 
during the operative procedure.!5-!8 The infarcts are 
located in areas supplied by patent grafts in 80% of in- 
stances.!9-22 These infarcts are frequently not followed 
by significant wall motion abnormality?*:?4 and, as 
documented in the present study, are accompanied by 
amore rapid and complete resolution of QRS score than 


‘are nonoperative infarcts. These studies suggest that 


the myocardial infarcts occurring during coronary artery 
bypass grafting may serve as an experimental model by 
which reperfusion of a developing area of necrosis could 
be evaluated. 

Blood flow is essential? for wound healing. Thus, 
reperfusion after the onset of an acute myocardial in- 
farct might facilitate the healing process and result in 
a decreased ratio of infarcted to noninfarcted myocar- 
dium. Shaw et al?6 have demonstrated that the wound 
produced by a left ventricular venting during coronary 
bypass surgery results in akinesis or dyskinesis when the 
blood supply to the area is impaired, but causes no de- 
tectable wall motion abnormality when flow is unim- 
paired. Therefore, it is possible that the operative and 
nonoperative groups had infarcts which were initially 
of similar size, but the resolution or healing of the op- 
erative infarcts was augmented by prompt reperfusion. 
This would result in a subsequent decrease in the ratio 
of infarcted to normal myocardium. 

It is important to consider possible alternate expla- 
nations for the differences observed in QRS resolution 
between the operative and nonoperative groups. The 
rapid decrease in QRS score in the operative group. 
during the first 2 months (Fig. 1) might be caused by an 
initial overestimation of infarct size with subsequent 
disappearance of the confounding factor. Bresnahan et 
al?” found that reperfusion vastly increases the fluid in 
infarct tissue. Ganz et al?8 observed prompt increase in 
Q-wave size immediately after intracoronary strep- 
tokinase infusion in patients with acute infarcts. A study 
by Bassan et al? demonstrated the reappearance of Q 
waves indicative of remote preoperative infarcts im- 
mediately after aortocoronary bypass surgery. Since all 
of the QRS changes in the operative group indicated 
infarction in the distribution of a grafted vessel, the 
increase in fluid caused by operative infarct reperfusion 
may have exaggerated the peak QRS scores. The sub- 
sequent reabsorption of the fluid could explain the ac- 
celerated rate of QRS resolution in the operative 
group. 

It is possible that the QRS changes in the operative ` 
group were produced or augmented by operative events 
other than myocardial infarction. Salem et al! have 
observed new Q waves appearing transiently after car- 
diac surgery in patients with large posterior pericardial 


effusions. However, inclusion in the present study re- 
quired persistence of the new operative QRS changes 
until hospital discharge. Therefore it is unlikely that 
such transient events could have been responsible for 
the QRS changes observed. 

The QRS changes which appear after aortocoronary 
bypass surgery resolve during the subsequent 2 months 
at a significantly more rapid rate than do similar ap- 
pearing changes in nonoperative patients. This suggests 
that use of the ECG for evaluation of either the presence 
or the extent of perioperative myocardial infarcts would 
be better performed at this later time. It has been 
demonstrated2® that postoperative creatine kinase 
isoenzyme measurements overestimate the amount of 
myocardial damage. It is also possible that immediate 
postoperative QRS changes may overestimate either the 
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initial extent of the operative infarct or the final extent . 


which will be present when the healing process has been 
completed. 
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_ DANIEL R. ALONSO, MD, SANFORD P. BISHOP, DVM, PhD, COLIN M. BLOOR, MD, 
DEAN A. BRAMLET, MD, JESSE E. EDWARDS, MD, JOHN T. FALLON, MD, PhD, 
GEOFFERY J. GOTTLIEB, MD, DONALD B. HACKEL, MD, HARRY R. PHILLIPS, MD, 
KEITH A. REIMER, MD, PhD, WILLIAM J. ROGERS, MD, WAYNE K. RUTH, MD, 
ROBERT M. SAVAGE, MD, RICHARD D. WHITE, MD, and RONALD H. SELVESTER, MD 


This study evaluated by quantitative autopsy cor- 
relation a previously developed scoring system for 
estimating the size of myocardial infarcts based on 
the QRS complex of the electrocardiogram. 
This system was tested using electrocardiograms 
from patients with infarcts shown by autopsy to 
predominate In the Inferior third of the left ventricle. 
The study was limited to patlents whose electro- 
cardlogram did not indicate left or right ventricular 
- hypertrophy, left or right bundle branch block, or left 
anterior or posterior fascicular block. Thirty-one pa- 


While several new, sophisticated methods are poten- 
tially capable of determining the size of myocardial in- 
farcts, it is still important to evaluate the standard 
> 12-lead electrocardiogram because it is readily available, 
inexpensive, and noninvasive. Although changes in the 
QRS complex are recognized for their ability to docu- 
ment the presence of various locations of myocardial 
infarcts, relatively little has been determined about 
their ability to indicate infarct size. Recent studies from 
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tients from 6 medical centers met these criteria. 

In the electrocardiogram of 28 of the 31 patients 
(90%), lead aVF exhibited a Q wave of at least 30 
ms. The correlation coefficient between the total 
QRS score and the percent infarctlon of the left 
ventricle was 0.74. In patients without confounding 
factors In the electrocardiogram and with single 
infarcts, the electrocardiogram provides a marker 
for Infarcts in the Inferior third of the left ventricle and 
a quantitative QRS scoring system provides an es- 
timate of infarct size. 


a multicenter collaboration have demonstrated that a 
simplified version of a previously developed scoring 
system based on quantitative aspects of the QRS com- 
plex attains a correlation of 0.80 with the size of anato- 
mically documented anterior infarcts.? Previous 
studies have suggested that the electrocardiogram might 
be less capable of defining infarcts in the other principal 
locations in which they occur, that is, inferior and pos- 
terolateral aspects of the left ventricle.? It is important 
that the capability of any method for indication ‘of in- 
farct size be evaluated for all infarct locations. Ac- 
cordingly, this study was performed to determine the 
correlation between the simplified version of the QRS 
scoring system and anatomically documented inferior 
myocardial infarcts. 


Methods 


Criteria for inclusion: Deceased patients from the Mas- 
sachusetts General Hospital, Cornell University Medical 
College, the University of Alabama at Birmingham, the Uni- 
versity of California at San Diego, United Hospitals of St. 
Paul, and Duke University Medical Center were included in 
the study if they met the following criteria: (1) quantitative 
postmortem examination revealed a myocardial infarct pri- 
marily in the inferior third of the left ventricle (Fig. 1). It was 
required that this infarct either be the only infarct present or 


ne 


FIGURE 1. Division of the left ventricle 
into thirds (A) and octants (B). This study 
includes all cases in which the inferior 
third of the left ventricle had the largest 
percent infarction. C = centrold of the 
outline of the left ventricular epicardium 
and right septal border; MS = point in 
the mid-septum halfway between the 
anterior and posterior endocardial in- 
sertions of the right ventricle Into the 
septum. B, the dashed line MS to C 
bisects octant 1. f 


that it be fibrotic and clearly distinguished from a second and 
fatal acute infarct. In this latter instance only the fibrotic 
infarct was considered for this study. (2) An electrocardiogram 
was available that was taken when only the infarct considered 
in the study was present. This electrocardiogram could not 
exhibit left or right ventricular hypertrophy, left or right 
bundle branch block, or left anterior or posterior fascicular 
block as defined by the IBM program for electrocardiographic 
analysis.4 The electrocardiogram must have been taken within 
1 year of the paient’s death. The final available electrocardi- 
ogram was used for the study. l 

Quantitative anatomic evaluation: The hearts, all ob- 
tained between 1969 and 1979, were initially dissected by 
similar protocols at the 6 institutions. The ventricles were cut 
transverse to the long axis into 5 to 7 slices of approximately 
equal thickness. Coronary dominance, amount of athero- 
sclerotic coronary arterial disease, and transmural extent of 
infarction were determined as previously described.? To be 
considered transmural, an infarct had to extend from the 
endocardium to involve at least 1 cm of the epicardial sur- 
face.? 

The size of the infarct was quantified by computer-assisted 
planimetry as described previously. Infarct size excludes 
viable muscle within the infarcted region. For infarcts at least 
1 week old at the time of the patient’s death, the method in- 
cludes a correction for estimated wall thinning caused by the 
infarct. No correction was made for wall thinning in infarcts 
<1 week old because such thinning was assumed to be caused 
by expansion and stretching of the infarcted tissue® rather 
than by phagocytosis and scar contraction. 

The dominant location of the infarct was determined by 
comparing the percent infarction of the anterior, posterolat- 
eral, and inferior thirds of the left ventricle (Fig. 1A). This 
study includes all hearts in which the greatest percent in- 
farction was in the inferior third. The percent infarction for 
each of 24 sectors of the left ventricle was also calculated. The 
sectors divide the heart into octants in the transverse plane 
(Fig. 1B) for basal, middle; and apical thirds of the left ven- 
tricle as described in the second study in this series.” 
` Electrocardiographic evaluation::The point score to 
estimate infarct size developed by Selvester et-al’-® and sim- 
plified and modified by Wagner et al! (Table I) was deter- 
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mined for each electrocardiogram. Points are awarded for- 
duration of Q or R waves and for R to Q and R to S ratios from 
10 of the 12 standard leads. R to Q ratio points may only be 
awarded if Q-wave duration criteria have been satisfied for 
that lead. However, R to S ratio points may be awarded 
without consideration of any other criteria for that lead. If 
there are multiple criteria of a single type (such as Q-wave 
duration) for a lead, the points achieved by the maximal sat- 
isfied criterion are awarded. 


Results 


Thirty-one patients met the criteria for inclusion in 
the study. Twenty-seven were men (mean age 56) and 
4 were women (mean age 65). Eighteen of the infarcts 
were >30 days old when the patient died, 6 between 7 
and 30 days old, and 7 were <7 days old. Of the 18 pa- 
tients with infarcts >30 days old, 10 had a second, fatal 
infarct. 


TABLE! Simplifled QRS Scoring System 








Maximal 

Lead , Duration (ms) Amplitude Ratios Points 
l Q >30 (1) R/Q <1 (1) 2 
i Q 240 (2) 

Q 230 (1) 2 
aVL Q230 (1) R/Q<1 (1) 2 
aVF Q250 (3) R/Q <1 - (2) 

Q 240 (2) 

Q 230 (1) R/Q S82. (1) 5 
V4 Any Q (1) j i 

R 250 (2) 

R >40 (1) R/S 21 (1) 4 
Və AnyQorR S10 (1) 

R 260 (2) 

R 250 (1) R/S 21.5 (1) 4 
Va AnyQorR <20 (1) 1 
Va Q 220 (1) R/QorR/S <0.5 (2) 

R/QorR/S <1 (1) 3 
Vs Q 230 (1) R/QorR/S <1 (2) 
R/Q or R/S <2 (1) 3 

Ve Q230 (i) R/QorR/S<1 (2) 

; R/QorR/S <3. (1) 3 





i 
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TABLE II Transmural Extent of Infarcts 











Number of Hearts 
Level of LV ™ SEn SEp IM Zero 
Base 12 19 0 0 0 
_ Middle 17 12 1 1 0 
: Apex 4 12. 5 6 4 








IM = Intramural; LV = left ventricle; SEn = subendocardlal; SEp = 
subepicardial; TM = transmural; zero = no infarct in that level. 


Anatomic evaluation: The mean total heart weight 
was 462 g. The right coronary artery was dominant in 
29 hearts. Maximal narrowing in the dominant coronary 
artery was 90 to 100% in all cases. The percentage of the 
left ventricle that was infarcted ranged from 4 to 41% 
(mean 15). 

Eighteen hearts had transmural involvement in at 
least 1 level of the left ventricle. Sixteen of 18 infarcts 
involving >10% of the left ventricle had transmural 
involvement in at least 1 level. Eleven of 13 infarcts 
involving <10% of the left ventricle had no levels with 
transmural involvement. Infarcts were more often 
transmural in the basal and middle thirds than in the 
apical third (Table II). Eleven of the 13 (85%) non- 
transmural infarcts in the basal and middle thirds were 
subendocardial. In the apical third, however, 11 of the 
23 (48%) nontransmural infarcts were intramural or 
subepicardial. Four hearts had no apical involve- 
ment. ; 

The inferior free wall (octant 7) was the most com- 
monly involved area with the basal and middie levels 
containing infarct in 100 and 97% of the hearts, re- 
spectively (Table II). The infarcts involved the inferior 
aspect of the septum and immediately adjacerit free wall 
(octant 8) in 94% of the hearts. Involvement of the 
midseptum (octant 1) was uncommon, with only 2 in- 
farcts reaching all 3 level’. Many infarcts extended 
laterally into octant 6 but fewer infarcts extended more 

‘laterally into the middle of the “free wall” (octant 5) 
(Table III). In contrast to anterior infarcts,” no infarct 
predominating in the inferior third had circumferential 
apical involvement. l 

Electrocardiographic evaluation: Q waves in leads 
I, III, and aVF are commonly considered indicative of 
inferior infarcts. Table IV indicates the Q wave dura- 

- tions observed in these 3 leads in the study patients. Q 
waves of 230 ms were present in leads II, aVF, and III 
in 20, 28, and 22 electrocardiograms, respectively. Forty 

‘nos or greater Q waves were present in leads H, aVF, and 


Il in 3, 19, and 14 electrocardiograms, respectively. 
Thus, 28 of the 31 patients (90%) had a 30 ms Q wave in 
at least 1 inferiorly oriented electrocardiogram lead, 
while only 19(61%) had a 40 ms Q wave in at least 1 of 
these leads.’ 

The mean QRS score for the 31 patients was 5 points, 
with a range of 0 to 11 (Fig. 2). All but 1 of the patients 
received points and 26 patients (84%) received >2 
points. Of the total of 150 points received by all 31 pa- 
tients, 119 points (80%) were gained from leads aVF and 
ll. Three patients had no QRS points from either leads 
aVF or II. One of these patients had no points and 2 had 
only 1 point, contributed by a Q wave in lead V;. The 
anatomic size of these infarcts varied from 4 to 10% of 
the left ventricle and the 2 with a Q wave in V did not 
have more anteroseptally located infarcts. 

Five of the 31 patients (16%) received points for in- 
creased duration or amplitude of the R wave in leads V; 
or Vo (Fig. 2) which has been reported to indicate “true 
posterior” infarction.!™12 Ten other patients (32%) 
received points for a Q wave in lead V, or a diminished 
R wave in leads V2 or V3, which have been reported to 
indicate “anteroseptal” infarction.!% Eleven of the 31 
patients (35%) met criteria for points in leads V4, Vs, or 
Ve which have been reported to indicate apical infarc- 
tion.1-1415 None of the patients met criteria for points 
from leads I or aVL, which have been reported to indi- 
cate “high lateral” infarction.14:15 

Comparison of antomic and electrocardiographic 
estimated infarct size: A diagram of the location of the 
infarct and the electrocardiogram is shown for 1 rep- 
resentative patient in Figure 3. The percent infarction 
of the left ventricle versus the total point score is plotted 
for all patients in Figure 4. For the 26 patients in whom 
the electrocardiograms scored >2 points, the mean in- 
farct occupied 17% of the left ventricle (range 4 to 41%). 
For the 5 patients with electrocardiogram scores of <2 
points, the mean infarct occupied 7% of the left ventricle 
(range 4 to 10%). . 

The correlation coefficient between the number of 
points and infarct size was 0.74. The slope of the re- 
gression line was 2.5, indicating that each QRS point 
represents infarction of 2.5% of the left ventricle. The 
standard error of the estimate was 6.6%. 

Twenty-seven of the 31 hearts contained infarcts in 
the apical third of the left ventricle, although only 11 
electrocardiograms received points for leads V4 to Ve 
(Fig. 2). In many patients, however, the amount of apical 
infarction was small. In the 11 patients receiving points 
in leads V4 to Ve, the mean infarct extent in the apical 
third of the left ventricle was 12%, significantly greater 


‘TABLE III Number ard Percentage of Hearts With Infarction of Each Octant 




















1 2 3 5 6 7 8 
Base 3. o 0 3 15 28 3 29 
; (29%) (0%) (0%) (10%) (48%) (84%) (100%) (94%) 
~ Middle 10 24 29 
(16%) (0%) (0%) (3%) (32%) (77%) (97%) (94%) 
Apex 0 0 15 24 
(10%) (0%) (0%) (0%) (19%) (48%) (77%) (61%) 











February 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 385 


(p = 0.04) than the mean infarct extent of 6% in the 20. TABLE IV Incidence of Q Waves in Inferior Leads 
patients without QRS points in leads V4 to Ve. 








| 
Eighteen of the 31 hearts contained infarcts which ae | u i 
extended laterally (octant 5). Only 5 electrocardiograms | 3 7 
received points for increased R-wave duration in lead ee <30 ms 4 1 8 
Vı or Vz. The mean percent infarction of octant 5in _ 230 but <40 ms 17 9 8 
these hearts was 32%, significantly greater (p = 0.005) 240 ms 3 19 14 





Q 2 30 msec 
R 250msec 
ANATOMIC SIZE 
OF MI AS % LV 


R/Q 1 

















PATIENT 
TOTAL 





FIGURE 2. QRS point scores for each patient. Anatomically estimated infarct size is at the right of the figure. MI = myocardial infarct; LV = left 
ventricie. ‘ 
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than the mean infarct size of 5% in the 26 patients not 
receiving such points. 

Eleven of the 31 hearts contained infarct in = 1 level 
of octant 1 within the mid-septum, although only 8 
electrocardiograms received points for Q waves or di- 
minished R waves in leads V, to V3. The amount of the 
middle third of octant 1 infarcted in the 8 patients re- 
ceiving points for Q waves or diminished R waves in 
leads V; to V3 (mean infarction of 0%) was not signifi- 
cantly greater than the mean amount infarcted for the 
23 patients not receiving these points (mean infarction 
of 4%). 



































Discussion 


Terminology of infarct location: The inferior as- 
pect of the left ventricle is the site of approximately 40% 
of all myocardial infarcts. This incidence is similar to 
that for anterior infarcts, but both the anatomic location 
and electrocardiographic changes for inferior infarcts 
are less well understood than for anterior infarcts. The 
term inferior or diaphragmatic is applied when the 
frontal plane leads I, TI, and aVF are involved, and the 
term true posterior is applied when the right precordial 
leads are involved. However, it has not been clear pre- 




































































FIGURE 3. Myocardial infarct (MI) location and electrocardiogram for Patlent 22. The infarct was acute, solid, and occupied 13% of the left ventricle. 
Six QRS points were awarded; Q 250 ms and R/Q 21 in lead aVF, and a Q 230 ms In lead Il. 


cisely which areas of the myocardium lie in the inferior 
versus the true posterior locations. 

Originally, infarcts now called inferior were called 
posterior and those now called true posterior were called 
lateral. Barnes and Ball,!¢ in a series of 1,000 consecu- 
tive necropsies, delineated 3 primary locations of in- 
farcts: (1) infarcts in the anterior septum, adjacent free 
wall, and apex, ascribed to disease of the left anterior 
descending coronary artery, (2) infarcts in the posterior 
septum and adjacent free wall, usually due to right 
coronary artery disease, and (3) infarcts in the free wall 
opposite the septum resulting from disease in the cir- 
cumflex coronary artery. A series of studies during the 
late 1940s by Myers!3-14,17-21 presented electrocardio- 
graphic criteria for the localization of myocardial in- 
farcts based on pathological correlation. More recent 
studies have extended these qualitative observations 
by quantifying the pathologic and electrocardiographic 
aspects of myocardial infarcts.22-26 

Sayen?” showed that optimal evaluation of the rela- 
tion between the electrocardiogram and anatomic ex- 
tent of myocardial infarcts requires division of the left 
ventricle circumferentially into thirds that correspond 
roughly to the vascular beds of the 3 major coronary 
arteries. These locations are termed anterior, inferior, 
and posterolatéral, respectively, in this report. In a 
previous study from Duke, only anterior and posterior 
locations were considered and, because of the small 
number of patients, no attempt was made to distinguish 
inferior from posterolateral.’ Acquisition of additional 
patients from other medical centers permitted separa- 
tion of the general group with posterior infarcts into 
those with primarily inferior location included in this 
study and primarily posterolateral location included in 
a subsequent study. The pathologists working with the 
Myocardial Infarction Research Units and the Spe- 
cialized Centers of Research in Ischemic Heart Disease 
adopted a common protocol for evaluation of the hearts 
of patients with coronary disease.” The hearts had been 
carefully evaluated and preserved and were thus 
available for inclusion in this collaborative project. 

A QRS scoring system has been proposed by Selvester 
et al’-® from computer simulation of human heart ac- 
tivation. This has been described extensively elsewhere. 
A previous study documented both the specificity of the 
QRS scoring system in normal control subjects and the 
intra- and interobserver variability of performing the 
scoring on a standard 12-lead electrocardiogram.! 

Through collaboration, the anatomical extent of a 
large number of single infarcts in the distributions of 
each of the major coronary arteries was correlated with 
the changes in the QRS complex which had been pro- 
posed for infarct sizing by Selvester et al. Patients with 
infarcts primarily in the anterior third of the left ven- 
tricle have been the subject of a previous study.? This 
study considers those 31 patients with infarction pri- 
marily involving the inferior third of the left ventricle 
as indicated in Figure 1. 

Quantitative anatomy of inferior infarcts: This 


study confirms quantitatively the location of these in- 


farcts previously reported by Barnes!6?9.30 and by 
Sayen et al.?” All of the infarcts involve the basal third 
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of octant 7 in the inferior free wall, and all but 1 include 


-the middle third of this octant (Table II). These are the 


2 regions least commonly involved by infarcts pre- 
dominating in the anterior third of the left ventricle.? 
The transmural extent of inferior infarcts varies. 
Large infarcts tend to be transmural while small infarcts 
tend to involve primarily the subendocardial region. As 
noted previously,? some infarcts that are only suben- 
docardial at the base become transmural in the middle 
third and intramural or subepicardial near the apex. 
They become intramural or subepicardial because the 
distal portion of the anterior descending branch of the 
left coronary artery supplies the more endocardial as- 
pects of the inferior apex. The posterior descending 
artery supplies the more superficial aspects.*! Though 
it is often assumed clinically that inferior or diaphrag- 
matic infarcts are primarily apical, the opposite is true. 
Inferior infarcts involve more of the base and middle of 
the left ventricle than of the apex (Fig. 3). Large infarcts- 
form a wedge pointing toward the apex, with their wi- 
dest portion at the base of the left ventricle (Table III). 
Inferior infarcts do not involve the apex circumferen- 
tially as do anterior infarcts.? Many of the infarcts ex- 
tend more into the lateral wall than into the septum at 
the base. They rarely involve more than the posterior 
one-third of the interventricular septum because of the 
much longer septal perforating vessels from the anterior 
descending branch of the left coronary artery.3! 

QRS identification of inferior infarcts: Askenazi 
et al®? and Starr et al®3 determined that Q waves in lead 
aVF alone were as sensitive as Q waves in leads II, II, 
and aVF together. The present study further deter- 
mines that a 30 ms Q wave rather than a 40 ms Q wave 
in lead aVF is a sensitive indicator of infarction in the 
inferior third of the left ventricle. A 30 ms Q wave is 
present in aVF in 90% of the patients, including all of 
those with transmural infarcts and 9 of the 12 with 
nontransmural involvement. Only 19 of the 31 patients 
(65%) had at least a 40 ms Q wave in lead aVF. The 
specificity of a 30 ms Q wave in lead aVF has been de- 












> 
Q 


w 
Q 


% LEFT VENTRICLE INFARCTED- 
= N 
[S] 


© 


2 4 ó 8 10 12 
QRS POINTS ` 


FIGURE 4. Comparison of the point score for electrocardiogram sizing 
of infarcts predominating in the inferior third of the left ventricle with 
the percent infarction of the left ventricle. Those infarcts <7 days old 
at the time of the patient’s death are shown by squares, those 7 to 30 
days old by triangles, and those >30 days old by circles. The regression 
line is shown,(% infarct — 2.5 X polnts + 2.9; r = 0.74; standard error 
of the estimate = 6.6). s 
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termined for normal individuals and for patients with 
anterior infarcts.1434 A study from this series found 
only a 2.6% prevalence of a 30 ms Q wave in aVF in 349 
` normal subjects.! None of the 21 patients with single 
infarcts located predominantly in the anterior third of 
_ the left ventricle had a 30 ms Q wave in lead aVF.? 
Therefore, a 30 ms Q wave in lead aVF provides a better 
criterion for identification of inferior myocardial in- 
farcts since it achieves a sensitivity in this study of 90% 
„and has a previously proven specificity of 97%. 
`- The 90% sensitivity of a 30 ms Q wave in lead aVF can 
be reconciled with other reports that many infarcts are 
not associated with Q waves®>.36 by considering the 
design of the present study. Patients were excluded if 
->l infarct was present at autopsy or if criteria for left 
or right ventricular hypertrophy, left or right bundle 
branch block, or left anterior or posterior fascicular 
block were present on the electrocardiogram. The 
electrocardiogram may be less sensitive and specific if 
these confounding factors are present. 

Correlation of QRS points and infarct location: 
The computer simulation developed by Selvester et al? 
indicated the following. An increase in R-wave size in 
the right precordial leads should indicate involvement 
extending more laterally into the posterior free wall of 
the left ventricle. QRS changes in the left precordial 

` leads should indicate involvement of the posterior and 
lateral aspects of the apex. Loss of R waves or the de- 

' velopment of Q waves in the right precordial leads 
should indicate involvement in the middle aspect of the 
interventricular septum. 

More than half of the patients in this study had in- 
farcts which extended posterolaterally into >1 level of 
octant 5 (Table Il). This involvement was somewhat 
underestimated by the point score as only 5 of the pa- 
tients received points for increased R waves in the right 
precordial leads. However, the mean amount of infarct 
in octant 5 in these 5 patients (82%) was significantly 

` greater than the mean amount infarcted in the re- 
maining 26 patients (5%). > 

` The posterolateral aspect of the left ventricle lies 
between the insertions of the anterior and posterior 
fascicles of the left bundle and therefore would be ac- 
tivated later than other aspects of the left ventricle.3? 
Though R-.and S-wave dimensions are not usually 
considered for diagnosis of myocardial infarcts, addi- 


tional scoring criteria based upon them may be impor-. 


tant for determining infarct size in this area of the left 
ventricle. 
The average amount of apical involvement in patients 


‘with QRS points from the left precordial leads was’ 


greater than for patients without such QRS changes. 
However, the electrocardiograms of some patients with 
substantial apical involvement did not receive points 
from leads V4 to Vg. Thus, the relation between the 
amount of apical involvement and the QRS score from 
leads V4 to Ve is not as close for inferior infarcts as for 
anterior infarcts. The anterior infarcts usually have 
much greater involvement of even the inferior aspect 
of the apex and these anterior infarcts tend to involve 
. the subendocardium which activates earlier than the 
subepicardium.3? Therefore, that part of the apex 


supplied by the posterior descending coronary artery 
might, if infarcted, cause changes later in the QRS 
complex. As with posterior free wall involvement, ex- 
tension into the inferior apex might be better described 
by criteria considering those later aspects of the QRS 
complex which are not evaluated in this study. 

The QRS scoring system did not correlate well with 
more anterior involvement of the interventricular sep- 
tum. The 2 patients with the largest amount of septal 
involvement did not have Q waves in lead V; or Va. 
However, both infarcts also involved the posterior free 
wall opposite the septum (octant 5). As suggested by 
Myers et al,!8 the loss of electrical activity in the septum 
might be cancelled by loss of electrical activity in the 
opposite wall. 

The 8 patients who received points for Q waves or 
diminished R waves in the right precordial leads did not 
have involvement of the septum which extended more 
anteriorly than was typical for patients with inferior 
infarcts. One possible explanation for loss of R waves 
in the right precordial leads is right ventricular in- 
volvement. The right ventricles had previously been ` 
removed from some of the hearts in this study. A second — 
series of hearts is now being acquired with right ven- 
tricles still attached to permit evaluation of the corre- 
lation between the loss of R waves in the right precordial 
leads and the extent of both anterior septal and right 
ventricular infarction. 

Conclusions: The simplified version of the QRS 
point score developed by Selvester et al’~® correlates 
significantly (r = 0.74) with the size of infarcts pre- 
dominating in the inferior one-third of the left ventricle. 
Each point represents infarction of 2.5% of the -left 


ventricle. Correlation between the electrocardiogram 


and the anatomic size is similar, regardless of the age of 
the infarct, that is, fibrotic, organizing, and acute. Most 
(90%) of these infarcts can be identified by 230 ms Q 
wave in lead aVF. The relatively large standard error 
of the estimate should be considered when the point 
score ‘is used for an individual patient; the 95% confi- 
dence limits are +13% of the left ventricle. While the . 
QRS score has been shown to correlate (r = 0.80) with 
left ventricular ejection fraction in 12 patients with 
combined anterior and inferior infarcts,*8 further ana- 
tomic studies are needed to determine the limitations 
of the scoring system when applied to patients with >1 
infarct or with a complex electrocardiogram exhibiting 
ventricular hypertrophy or intraventricular conduction 
delay. 
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Segmental Right Ventricular Function After Acute 
Myocardial Infarction: Two-Dimensional Eciocardlog epic 


Study i in 63 Patients 


- JOSE LOPEZ-SENDON, MD, MIGUEL ANGEL GARCIA-FERNANDEZ, MD, 
ISABEL COMA-CANELLA, MD, MAR MORENO YANGUELA, MD, and 


FERMIN BANUELOS, MD 


Right ventricular (RV) segmental contraction was 
studied in 63 patients with acute myocardial in- 
farction (MI), using 2-dimenslonal (2-D) echocar- 
diography. Group A Included 32 patients with 
ischemic RV dysfunction: 19 had a disproportionate 
increase in right atrial pressure at the time of the 
examination (Group Al) and In 13 patients, right 
atrial pressure was normal when the echocardlo- 
gram was obtained (Group All). Group B included 
31 patients without Ischemic RV dysfunction. Alki- 
nesla or dyskinesia of the RV wall was found In 30 
patients: 19 from Group Al, 8 from Group All, and 3 
from Group B. Asynergy could be Identified in all 
segments of the RV wall Including the outflow tract, 


A strong correlation between segmental left ventricular 
contraction abnormalities and myocardial ischemia or 
infarction has been demonstrated by several techniques 
including cineangiography,! radioisotopic ventricu- 
_ lography,? and 2-D echocardiography.*+4 For this reason, 
regional abnormalities of left ventricular wall motion 
have become'a hallmark of both acute and chronic 
coronary artery disease. Although ischemic RV in- 
volvement and primary RV dysfunction are common 
findings in patients with acute MI, little attention has 
been paid to the study of regional RV contraction. 
Asynergy of the RV free wall has been demonstrated in 
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RV apex, and anterior wall, but was more frequently 
found in the posterior wall (29 patients), best seen 
in the transversal subcostal short-axis view. A sig- : 
nificant difference was found elther In the frequency 
of wall motion abnormalities or in the number of 
segments with asynergy among the 3 groups (p 
<0.001). However, asynergy of the RV wall may be 
present in some patients with normal right heart - 
hemodynamic function, suggesting that asynergy 
may be more sensitive than hemodynamic function 
in the diagnosis of acute RV Infarction. Paradoxical 
septal motion was found in 8 patients, all In Group 
Al, and all had a right atrial pressure equal to-or 
greater than pulmonary capillary pressure. 


patients with acute MI using radionuclide*5~’ or angi- 
ographic techniques,’ but very few studies with 2-D 
echocardiography have been reported.89 However, the 
identification of such abnormalities may constitute an 
important clue in the diagnosis of RV MI. ~ 

This report describes a prospective study of regional 


RV performance in acute transmural MI using 2-D 


ann 


echocardiography. The goals of the study were (1) to 
identify the abnormalities in segmental RV function 
after acute MI, and (2) to compare both hemodynamic 
and 2-D echocardiographic criteria of ischemic RV ir in- 
volvement. 


Methods 


Patients: We studied 70 patients admitted to the coronary 
care unit with the diagnosis of acute transmural MI according 
to recognized clinical, electrocardiographic, and laboratory . 
data. Location of the MI was defined as “posterior” by the 
presence of abnormal Q waves (>0.04 second) in leads De, Ds, 


PARASTERNAL LONG AXIS VIEW 


PARASTERNAL SHORT 
AXIS VIEW 


Schematic representation of the different 
iographic views studied. A = anterior; AO = 
inferior, L = left; LA = left atrium; LV = left 

P= posterior; R = right; RA = right atrium; RV 

a celia RVOT = right ventricular outflow tract; 


ad aVF: “Anterior” MI was defined by the presence of ab- 
i al Q waves in 2 or more adjacent precordial leads (V1- 


he study was initially begun including only those patients 
ith acute posterior MI in whom hemodynamic monitoring 
n performed. However, because 2 patients with acute 
MI were found to have hemodynamic criteria of 
emic RV dysfunction, a group of 5 additional unselected 
its with acute anterior MI were included. 

with acute MI without hemodynamic monitoring 

t included. Patients with previously known MI, 
congestive failure, pericardial disease, valvular heart 

or chronic obstructive lung disease were not included. 
tial 70 patients, 7 were excluded because of failure 

n satisfactory 2-D echocardiograms of the right ven- 
least 1 transversal plane (parasternal or subcostal 

ews). Thus, a total of 63 patients (52 men, and 11 

d 36 to 78 years) were included. 


odynamic monitoring: Hemodynamic monitoring 
ied in all patients. Right atrial, pulmonary artery, 


of mercury with a Hewlett-Packard 1280 trans- 
mens Elema Mingograph 34 through a Swan- 


amic determinations were made at least every 8 
Aonitoring was begun at admission and maintained 
§.days, being discontinued when the condition of the 
was considered.as stable (subset I or H according to 
ester!) and had no hemodynamic variations for at least 


riteria of RV dysfunction: ‘The diagnosis of ischemic RV 


inction was made when the relation between right. atrial 


ulmonary capillary pressure was indicative of primary 
ysfunction, according to the results of a previous study, !! 
i rig ding t to the level of pul: 
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monary capillary pressure, for practical purposes right atri: 
mean pressure must be >10 mm Hg and either greater than 
equal to, or not more than 5 mm Hg less than. pulmon: 
capillary pressure. This criterion was found sensitive (73% 
and very specific (100%) for the diagnosis of acute RV g 

In patients with a right atrial pressure <10 mm_ Hg i 
absence of pulmonary congestion, a volume loading test. 
dextran 40 was performed to identify. ischemic RV dysfunet 
not present in basal conditions,!!12 

Echocardiographic examination: Real-time 2- D ec 
cardiographic examination was performed with the pati 
in the supine position or 30°.to 60° left lateral decubitus us 
a wide angle (90°) mechanical sector scanner (Mark III, Ad 
vanced Technology Laboratory) and a 3 MHz transduc 

Echocardiograms were obtained 3 to 12 hours after t 
hemodynamic determination. In this period of time, 
clinical condition of the patients included in the study wa’ 
considered stable, without. episodes of pain, dyspnea 
rhythmias, or variations in blood pressure ~ 

Visualization of the ventricles and the ventricular se 
in the long-axis, 4-chamber, and short-axis planes was 
tained from parasternal, apical, and subcostal pos 
Transverse planes were obtained from both paraster 
subcostal positions. All echocardiographic recordin; 
obtained in normal (90°) and amplified (45°) dimensions. 
stored on a Sanyo VJC 7100 tape recording system. Inc 
frames selected for the figures were photographed us 
Polaroid® film from. the videotape. There was signific 
degradation of the stop frame image because only 1 of th 
fields could be visualized, 

‘A simultaneous electrocardiogram was recorded. Th 
tiation of the QRS complex was used as an end-dias 
marker, and the end of systole was assumed to corres, 
the end of the T wave. Imaging of the endocardial 
obtained by playing through preceding and succeedir r 
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Only RV free wall and ventricular septal motion were con- 
sidered. The RV wall was divided into several segments (Fig. 
1), and each was analyzed for wall motion abnormalities. Wall 
motion was qualitatively classified as normal (inward motion 
of the endocardium during systole) (Fig. 2), akinetic (absence 
of motion) (Fig. 3), or dyskinetic (outward motion of the en- 
docardium during systole) (Fig. 4 and 5). Ventricular septal 
motion was considered as normal when the septum was dis- 
placed toward the left ventricular cavity in systole, akinetic 
when no septal movement could be appreciated, and dyski- 
netic or paradoxical when both sides of the septum were dis- 
placed toward the RV cavity during systole (Fig. 4 and 5). 

All echocardiograms were interpreted independently by 2 
observers, without previous knowledge of the hemodynamic 
data of each patient. In case of discrepancy, the studies were 
reviewed and an agreement was reached. 

Groups: The patients were classified into 2 groups: Group 
A included 32 patients with definite ischemic RV dysfunction 
in at least 1 hemodynamic determination during the moni- 
toring period. Nineteen of the 32 patients had a relation be- 
tween right atrial and pulmonary capillary pressures indica- 
tive of ischemic RV dysfunction at the time of the echocar- 
diographic examination (Group AI); The 13 remaining pa- 
tients had transient ischemic RV dysfunction with a normal 
pressure relation at the time of the echocardiographic study 
(Group AII). Twenty-two patients had electrocardiographic 
evidence of posterior MI, 2 of anterior MI, and 8 of posterior 
plus anterior MI. Group B included 31 patients without he- 
modynamic criteria of ischemic RV dysfunction during the 
entire period of hemodynamic monitoring. Acute MI was 
posterior in 20 patients, anterior in 5, and posterior plus an- 
terior in 6. 

Statistical analysis: All statistical analyses were performed 
using nonparametric tests: chi-square test and Fisher’s exact 
test. Significant values were considered those corresponding 
to p <0.05. Only hemodynamic data corresponding to the last 
hemodynamic determination before the echocardiographic 
examination were considered for statistical analysis. 


Results 


Hemodynamic findings: By definition, only Group 
A patients had a right atrial-pulmonary capillary 
pressure relation indicative of ischemic RV dysfunction. 
In all patients from Group AI, ischemic RV dysfunction 


end 
diastole 


a Poe 
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was spontaneous, whereas in 5 patients from Group B 
it was observed only after volume loading. 


Two-D echocardiographic findings: Right ven- 
tricular segmental wall motion: The number of pa- 
tients with asynergy and the number of segments with 
abnormal wall motion found in each group in the dif- 
ferent echocardiographic views are shown in Table I. 

Transverse plane: Regional abnormalities in seg- 
mental wall motion were observed in 29 patients: 19 in 
Group AI, 7 in Group AII, and 3 in Group B. (Fig. 3 and 
4). 

When subcostal and parasternal views were com- 
pared, no difference was found in either the number of 
patients with wall motion abnormalities, the number 
of segments with asynergy, or the type of asynergy, be- 
tween both short-axis views obtained. However, 2 pa- 
tients had akinesia of the inferior RV wall in the sub- 
costal short-axis view although the movement of these 
segments was considered normal in the parasternal 
short-axis view. Good quality images of the subcostal 
transversal plane were obtained in 62 patients; adequate 
imaging of the parasternal transversal plane could only 
be obtained in 42 patients. 

In the longitudinal parasternal view, dyskinesia of the 
RY outflow tract was observed in 1 patient (Group AI). 
In the remaining 50 patients in whom good quality 
echocardiographic images were obtained, contraction 
of the RV outflow tract was normal. 

In the apical 4-chamber view, asynergy of the lateral 
RV wall occurred in 9 patients (Fig. 5), 8 of whom were 
in Group ÀI. In the other patient, included in Group AII, 
akinesia of the RV apex was the only abnormality. 


Ventricular septal motion: In Group A, septal 
motion was normal in 18 patients (56%), akinetic in 5 
(16%), and dyskinetic in 9 (28%). Paradoxical motion 
of the ventricular septum was always accompanied by 
some alteration in the movement of the RV posterior 
wall (p <0.001) (Fig. 4). In group B, septal motion was 
normal in 24 patients (77%), and akinetic in the re- 
maining 7 (23%). 


ae 


end 
systole 


FIGURE 2. Subcostal short-axis view of both ventricles. Normal motion of the RV wall and interventricular septum. L = liver or lateral; other ab- 


breviations as in Figure 1. 
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Abbreviations as before. 


FIGURE 3. Subcostal short-axis view: akinesia of the inferior RV wall. 
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end systole 


end diastole 
FIGURE 4, Subcostal short-axis view: dyskinesia of the inferior RV wall adjacent to the interventricular septum. Paradoxical septal motion. Open 
arrows, normal contraction. Solid arrows, dyskinesia. S = interventricular septum or superior; other abbreviations as before. 
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FIGURE 5. Apical 4-chamber view: dyskinesia of the RV apex. Paradoxical septal motion. A thrombus can be identified in the RV apex. Abbreviations 


as before. 
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a Views ‘Four-Chamber View 
Patients Normal  Asynergy 0 1 2 3 0 1 2 3 oo 4 ey 
eee l Group Al 
0 19 0 7 8 4 7. 5 3 0 15 1 
i 100 Sate 37 42 21 47 33 20 = 94 6 
Group All 
5 8 6 7 0 0 W 1 0 0 13 0 
38.5 61.5 46 54 ats idiei 91.7 8.3 pia TA 100 TOA 
Group B 
28 3 28 2 1 0 28 0 0 0 22 0 
90 10 90 6 3 100 ea pas oe 100 ee 
p <0.001 p <0.001 p <0.001 





‘Correlation between hemodynamics and 2-D 
chocardiographic findings: Right ventricular wall: 

ignificant relation was found between hemodynamic 
ata of ischemic RV dysfunction and alterations in 
gmental RV wall motion. A highly significant differ- 
nce was found either in the frequency of wall motion 
bnormalities or the number of segments with asynergy 
mong the 3 groups of patients (p <0.001) (Table D. 

urthermore, a highly significant difference was also 
found between the incidence and number of segments 
with abnormal wall motion and the presence of a right 
atrial pressure equal to or greater than the pulmonary 
pillary pressure (p <0. 001) (Table II), indicating that 
e severity of asynergy is related to the severity of 
chemic RV dysfunction. 

Ventricular septum: A significant relation was found 






















otion and the hemodynamic data indicative of ische- 
RV dysfunction (p <0.001), All 9 patients with 
radoxical septal motion were included in Group AI 
all had a right atrial pressure equal to or higher than 
monary capillary pressure. However, 2 patients 
hout paradoxical septal motion also had a right atrial 
ssure equal to or greater than pulmonary capillary 
ressure when the echocardiographic examination was 
erformed. 


Discussion 


Seg rental RV contraction in acute MI: Asner 
‘the RV wall has been reported in patients with RV 
2.5-9 Our results demonstrate that abnormalities in 
mental RV wall motion are common in patients with 
te MI and can easily be appreciated by 2-D echo- 
cardiography. The actual frequency of such abnor- 
malities cannot be accurately defined from this study 
because not all patients with acute MI admitted to the 
coronary care unit were included. 

Although acute RV infarction is generally aidui 
with posterior left ventricular infarction,!!:13 a small 

















etween the presence of dyskinetic or paradoxical septal 


number oF patients n with anterior MI also had RV: asy- a 


tricle almost ae Present motion crag 























TABLE Il Frequency of Asynergy in Relation to 
Hemodynamic Data 
Number. of Segments With Asynergy a 
0 1 
RAP <PCP 
Number of patients 0 2 
Percent sina 3 
RAP 2PCP 
Number of patients 33 14 
Percent 52 22 
p <0.001 





PCP = pulmonary capillary pressure: RAP = right atrial pressure. 
























nergy, correlating well with hemodynamic alterations 
consistent with ischemic RV dysfunction. ~ 

Asynergy may be identified in all segments of the RV . 
wall, including the outflow tract, ventricular apex, and __ 
the anterior wall, but is, in general, specifically located : 
in the posterior RV wall. Asynergy of other regio 
without posterior wall involvement is rare, and in tł 
study was found in only 1 patient. Moreover, anatomi 
copathologic studies indicate that in most cases, 
infarctions are confined to the posterior RV wall! 
which can be identified only in the transversal plai 
The transversal plane is the most useful echocai 
graphic view for the identification of such abnor 
ties... 

The greater frequency of wall motion abnormalitie: 
in the long-axis and 4-chamber planes reported 
vious studies®° can be attributed to.a more rigid eri 
of patient selection, inclusion being restricted to 
tients with strong clinical evidence of RV infarcti 

Segmental RV contraction and RV infarcti 
Recent. echocardiographic and anatomic stu 
demonstrated that necrotic segments of the le 





function due t to mechanical a in zones HERA 
MI. 14 
These findings indicate that wall motion abnor- 
malities found in 2-D echocardiography are very sen- 
itive but not very specific for MI. On the basis of these 
us studies performed on the left ventricle, one can 
othesize that regional abnormalities of RV con- 
be sensitive for the detection of RV in- 
iay be present in patients with right RV 
vithout MI. 
ion between hemodynamics and wall 
tion abnormalities: We found a strong relation 
etween the hemodynamic alterations indicative of 
hemic RV dysfunction and the presence and extent 
of abnormalities in regional wall motion demonstrated 
_by 2-D echocardiography. All Group AI patients had 
some contraction abnormalities; those patients with the 
most severe ischemic RV dysfunction (right atrial 
pressure equal to or higher than pulmonary capillary 
ressure) presented a higher number of RV wall seg- 
nts with abnormal motion (Table IH). The same re- 
have been found in 2 previous studies. Yung-Dae 
al8 presented 13 patients with severe RV dysfunction 
ind wall motion abnormalities; 10 patients reported by 
rey et al? with clinical or anatomic evidence of RV 
nfarction had RV asynergy. 
_ Nevertheless, the hemodynamic criteria of right 
entricular dysfunction followed in this study were less 
gid, and considering the aforementioned hemody- 
amic changes as sensitive and specific for right ven- 
lar infarction, there are certain discrepancies be- 
veen hemodynamic and wall motion abnormalities 
at deserve further comment. 
bnormal.wall motion and transient ischemic RV 
nection: In an important number of patients (8 of 
i 3 from Group AH), abnormalities in RV wall mo- 
re still present after normalization of the he- 
ynamic variables of ischemic RV dysfunction. The 
results were found by Yung-Dae et al in 5 patients 
nical data of RV infarction. This finding may be 
est when considering ischemic right ventricular 
vement in subacute or chronic heart disease. ë 
er, further studies are needed to evaluate the 
rm evolution of RV wall dynamics after acute 
yocardial infarction. 
Normal wall motion and transient ischemic RV 
wction; From another point of view, some patients 
transient RV dysfunction (5 of 13 patients from 
p AII) had normal RV wall motion. When one 
rs that the hemodynamic alterations, even if 
nt, are highly specific of RV infarction,!! this 
nding may be explained by several mechanisms: (1) 
ough asynergy usually persists for several days or 
ks after acute MI,2-6 some wall motion abnormali- 
can be transient, even in the presence of transmural 
ome islands of normal tissue are preserved, and 
\anifested only under stress conditions such as 
2) Hypokinesia has not been evaluated in 
pee ne it is less specific for Mi th 


gotten: Also, small abnormalities i in ventricular mo 
can only be identified studying the complete cardiac 
cycle.!7 Further methodologic refinement and the 
plication of computer-aided techniques would allow 
more precise evaluation and quantification of regio 
wall motion and endocardial thickening, the latter b 

a sensitive and specific variable of ventricular function 
in acute MI.4 (3) Small defects can be occult to 
echocardiographic examination if several transver: 
planes are not obtained.’ (4) There is always the poss 
bility that the transient and borderline hemodyna 
changes in ischemic RV dysfunction may be d 
ischemia rather than necrosis. This hypothesis is 
ported by the fact that 3 of 5 patients from Group Al 
with normal regional wall motion showed hemodynami 
alterations of ischemic RV dysfunction only after de 
tran administration, and asynergy may not be fi 
when the hemodynamic condition of the patien im 
proves. 

Abnormal wall motion and normal. hemodynam 
function: Three patients had abnormal RV motio 
without primary RV dysfunction during the hemody 
namic monitoring. Abnormal wall motion can be th 
result of transient ischemia rather than infarction.’ 
Two patients from Group B with RV asynergy pre 
sented a QS pattern and S-T segment elevation in 
Var and Vag in the absence of anterior necrosis 


_ finding highly indicative of acute RV infarction.!8 
- finding strongly suggests that wall motion abnormal tie 


can be more sensitive than hemodynamics in detectin 
acute RV necrosis. This may be especially true when le 
ventricular function is impaired, preventing a c 
relation between right atrial and pulmonary capil! 
pressures suggestive of RV involvement.!! This may 
have occurred in 2 of the 3 patients in this study, 
had severe pulmonary congestion and a normal ri; 
atrial/pulmonary capillary pressure relation. : 
Ventricular septal motion: Paradoxical motion 
the ventricular septum is a common finding in pi ie 
with acute RV infarction?-9!9-?! and may be attribt 
to RV volume overload, tricuspid regurgitation, ô 
terations in RV compliance. In these circumstances, 
diastolic pressure equals.or.exceeds simultaneou 
ventricular pressure, producing an inversion 
ventricular septum toward the left ventricl 
diastole (Fig. 5), whereas during systole the 
moves toward the right ventricle because of th 
left ventricular systolic pressure. This behavi 
septal motion may distort the left ventricular g 
impairing left ventricular function.!9 
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including immunosuppressive therapy in a few cases. Daily doses of captopril... 
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those treated vigorousiy with diuretics (see PRECAUTIONS [Drug interactions). 
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patients develop stable elevations of BUN and serum creatinine > 20% above 
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of increasing the Salt intake about 1 week prior.to initiation of captogni! ther 
Alternatively, provide medical supervision for at least 3 hours: after the i 
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al Cause renin reledse:. 

athetic Activity. =- The sympathetic nervous system 
f supporting blood pressure in patients receiving 
ith diuretics. Beta-adrenergic blocking drugs add some 
"ani yeeriensive effect to: captopril, but the overall response is less 

dditive, Therefore, use agents ‘affecting sympathetic activity (eg., 
lionie blocking agents or adrenergic neuron blocking agents) with caution 
s Increasing Serum Potassium —~ Give potassium-sparing diuretics or 
Supplements only. for documented hypokalemia, and then with 

‘ ẹ they may lead to a significant increase of serum potassium, 

8 boratory Test Interaction: Captopril may cause a false-positive urine 


Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year 
hidoses of 50 to. 1350 mg/kg/day in mice and rats failed to show any 
i ic potential. Studies in rats have revealed no impair- 


; here: are no adequate and wellcontrolled studies in 
Embryocidal-effects were observed in rabbits. Therefore, 
‘be used during pregnancy only if the potential benefit 

e potential risk to the fetus. 
hers: Captopril is secreted in numan milk, Exercise caution wnan 


iatri Use: Safety and effectiveness in children have not been established 
there is limited experience with use of Captopril in children from 2 
onths to i aoe of aor Dosage, ona ot basis, was comparame to to that 


i DVERSE REACTIONS: Reported inci idences ai are based on clinical trials 
involving about 4000 patients. 
Renal -Oneto 2 of 100 patients developed proteinuria (see WARNINGS). 
ufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 
09 patients. 
blogic — Neutropenia/agranulocytosis occurred in about 0.3% of 
sated patients {see WARNINGS). Two of these patients developed 


fogic «Rash (usually mild, maculopapulas, rarely urticarial), often 

ig and sometimes with fever and eosinophilia, in about 10 of 100 

| ants, sually during the tsi 4 weeks of therapy. Pruritus, without rash, in 

; 100- patients. A reversible associated pemphigoid-like lesion, and 

tose sitivity have also: been reported, Angioedema of the face, mucous 

fanes ol the mouth, or of the extremities in about 1 of 100 patients — 

ble on discontinuance of captopril therapy. One case of laryngeal 
ported. Flushing or pallor in 2 to 5 of 1000 patients. 

vascular —~ Hypotension in about 2 of 100 patients. See WARNINGS 

n) and PRECAUTIONS (Drug interactions) for discussion of hypo- 

initiation of captopril therapy: Tachycardia, chest pain, and 

nS each in about 1 of 100 patients. Angina pectoris. myocardial 

; arau $ syndrome, and congestive heart failure each in 2 to 3 af 


- e About 7 of 100 patients developed a diminution or loss of taste 
HON: laste impairment is reversible and usually self-limited even with 
ied drug use(2 to 3 months). Gastric irritation, abdominal pain, nausea. 
g. diarrhea, anorexia, constipation, apnthous ulcers, peptic ulcer, dizzi- 
eadache, malaise. fatigue, insomnia, dry mouth, dyspnea. and pares- 
fe Oned in-about 0.5 to 2% of patients but did not appear at increased 
ompared to placebo. or other treatments used in controlled trials. 
tory. Findings: Elevations of liver enzymes in a few patients 
usal relationship has been established. Rarely cholestatic 
hepatocellular injury with secondary cholestasis have been 
‘ransient elevation of BUN and serum creatinine may occur, 
ly in: volume-depleted or renovascular hypertensive patients. In 
pid reduction. of longstanding or severely elevated blood 
formerular filtration rate may decrease transiently, also resulting 
art 98 IN serumi- creatinine and BUN. Small increases in serurn 
1 concentration frequently occur, especially in patients with renal 

(see PRECAUTIONS). 
VERDO AGE: Primary concern in correction of hypotension. Volume 
“expansion with an LV. infusion. of normal saline is the treatment of choice for 
oration af blood pressure. Captopril may be removed from the general 

ation by hemodialysis 
ND ADMINISTRATION: CAPOTEN should be taken one hour 
Dosage must be individualized, see DOSAGE AND ADMINIS- 
in. of package insert for detailed information regarding dosage 
and in heart failure. Because CAPOTEN (captopril) is excreted 
@ Kidneys, dosage adjustments are recommended for patients 
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“And she smi led and from no di stance 
said, ‘Hello, my Inglés. , 
Tmnotan Inglés; he said very lazily. 
Oh yes, you are, she said. ‘You're my- 
Ingles, and reached and took hold of both 
his ears and kissed him on the forehead. - 
‘There, she: said. ‘How is that? Do | kiss 
thee better?” ve 
Then they were walking along the stream 
together and he said, ‘Maria, Ilove thee 
and thou art so lovely and so wonderful- 
and so beautiful and it does such things to 
me to be with thee that | feel as though. l 
wanted to die when | am loving thee. 
‘Oh’ she said. ‘I die each time. Do you” 
not die?’ i 
‘No. Almost. But did thee feel the earth 
l move?” 
‘Yes. As | di ied, Put thy arm. around me, 
please. : 
‘No. | have thy hand. Thy hand i is enough’ 


The Dia alogue of Robert Jordan and Maria trom’ For whom the: Bell Tolis 


“Another Dialog J soon nto > appear—by $ Siemens. ae 


ne “uel: OAT E 
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ariable Threshold Exertional Angina i in Patients With 
sier Vasospastic Myocardial Ischemia 


) ercise e Test Results and Therapeutic Implications 


TEFANO DE SERVI, MD, GIUSEPPE SPECCHIA, Mo, COLOMBA FALCONE, MD, 


NTONELLO- GAVAZZI, MD, ANTONIO MUSSINI, 


MD, LUIGI  ANGOUI, MD, 


O BRAMUCCI, MD, DIEGO ARDISSINO, MD, LAURA VACCARI, MD, 
ORGE SALERNO, MD, and PIERO BOBBA, MD- 


rty-five of 70 patients with vasospastic angina at 
t complained of chest pain during exercise or 
ing usual daily activity. In 22, the angina threshold 
as described as variable during exercise: that is, 


the amount of exertion that induced angina was not _. 


ays the same. in 12 patients with variable 
shold exertional angina, 3 exercise tests per- 
ned in the morning on different days yielded 
rent results, because chest pain and ischemic 
ctrocardiographic changes occurred at different 
loads with a wide range in heart rate-systolic 
product. Two patients, in whom great 


ca e ac fein flow was measured during exercise 
and after taking nifedipine, tolerated heavier 


ads after receiving the drug; with a more 


; swith vasospastic angina at rest may also have 
in during exercise or during usual daily activi- 


ese patients the angina threshold may vary 
eto time; a few patients have recently been 
-in whom repeated exercise tests induced 
] ischemia at different values of heart. rate: 


blood pressure product, an index of myocardial 
umption. € However, the incidence of this 


on is not yet appreciated, and it is not clear 
linical suspicion of variable threshold 
gina can always be confirmed by repeated 


ivi ione di:Cardiologia, Cattedra di Fisiopatologia Cardio- 
Policlinico S, Matteo, Pavia, italy. neha received 
sed Í 


5: fano de $ Fah (MD Divisione di Cal diolog 
(27100 P: St 


marked increase in flow during exercise. it 


_Cluded that variable threshold exertional angina ç 
-be objectively demonstrated by repeat exercis 
tests in patients with vasospastic angina. Variab 


of the angina threshold may be due to a fun 


mechanism that causes myocardial ischem 
_ addition to the increased myocardial metabolic 
< quirements provoked by exercise. Because ins 


patients fluctuations in coronary arterial 


an important role in determining the r 


exercise, calcium antagonistic drugs, 


_ Coronary tone and prevent the occurrenc 


nary spasm, are effective in increasing ex 
capacity. 


tests i in patients with vanoaiaaklé at angina Re n 
this clinical manifestation. We believe that the 
nition of variable threshold exertional angina m 
important therapeutic implications. 


ú f previous transmural my 
infarction. Coronary. vasospasm was considerd respor 
the occurrence of chest pain at rest on the basis of the fo 
lowing criteria: Sixty patients showed transient S- 
elevation during at least J P of chest pain al 


pression re HET durin 


ministration oli intra 





rtional Angina 





. First 
“Exercise Test 





Work End- 
Load point RPP 








Variable Threshold 


Second 
Exercise Test 





Work End- f ECG 
Load point RPP Changes 





50 W X 1 min Ang 128 
50WX 3min =- Ang 176 
50 W X 1min ‘S-T 143 
125 W X tmin.. Ang 364 
75WX3min © . Ang 304 
100 W X 1min Exh 246 
100 W X 1 min Ang 158 
75W X 2 min Ang 240 
50 W X 3 min Ang 163 


125 W X 3 min Exh 176 
50 W X tmin Ang... 140 
100 WWX 1 min © Ang 162 


{S-T 1mm 
Va-Ve 


125 W X 3min : Ang 260 
125 W X 3min Exh 259 
125 W X tmin Exh 300 
175 W X Amin. Exh 285 
125 W X 1 min Ang 286 

50 W X 1 min. Ang 189 
100 W X 1min Exh 145 

75 W X imin Ang 271 


75WX 3min Ang 213 \S-T15mm 

. Wave, 

125WX1min Exh 209 
50 W X 3 min Ang 163 


50W X 1 min Ang 143 








ercisé; these patients could not recognize a critical amount < 


exertion they could perform before experiencing angina 


ut the level of activity that determined the symptoms. 


aried from time to time. Twelve of these 22 patients were 
selected for this study. The selection was not done in arandom 
fashion but depended on the clinical characteristics of the 
patients. We excluded patients with more than 3 episodes of 
hest pain at rest per day or with severe ventricular arrhyth- 
-mias or left ventricular failure during anginal attacks.! In the 
12 patients studied, drug therapy consisting of nitrates and 
ipine could be suspended 12 hours before exercise tests 


ithout any manifestation of withdrawal phenomena, such, 


ccelerated angina or other coronary events: No patient was 
ving beta-adrenergic blocking agents or digitalis. 
cercise testing: The 12 patients selected performed 3 
cle exercise tests in the morning (8:30 to 11:00 A.M.) on 
rent days during hospitalization. The mean interval be- 


{ were performed in the supine position with an initial 
work load of 50 W and subsequent increments of 25 W every 
tes. Exercise was.stopped when angina, dyspnea, ex- 

-S-T segment elevation 22 mm, or S-T segment 

>3 mm occurred. A 12-lead electrocardiogram was 

anc X ercise, and every minute 
¢ were monitored during 


rvals. The criteria for a positive exercise test, were a hori- 


ntal or downsloping S-T segment depression 21 mm for 0.08 
mpared with the resting tracing and 5-T segment 
>1 mm at 0.04 second after the J point compared 


h the baseline electrocardiogram. An estimate of myocar- 


oxygen consumption was made from the double product 
ained by multiplying systolic arterial pressure and hear 


Coronary arteriography: The 12 patients studied un- 
derwent coronary. arteriography. using the Sones technique 
after premedication with 10 mg of diazepam. Left ventricu 
lography was performed in the right anterior oblique projec 
tion before arteriography. Narrowing >50% of 1 or more co 
onary arteries was considered evidence of significant coronary 
artery disease. When a significant lesion was noted, the vessi 
was filmed again after sublingual administration: of n 
glycerin. ` 

Coronary flow study: In 2 patients with isolated left 


„terior descending artery disease, exercise tests were performed 
before and 20 minutes after sublingual administration of 20 


TABLE I Electrocardiographic (ECG) Changes During 
Chest Pain at Rest and Coronary Arteriogr. 
Findings : ; nok 





ECG Changes 
(Spontaneous 
Angina). 


4:7 ant 
S-T inf 
S-T int 
$-T ant 
$-Tant 
S-T inf 

ST ant 


Age (yr) 
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1] xi 08, where V; represe i l 
and Th Tj, and Ta the temperatures of blood, injecta 
mixture of blood and injectate; 1.08 is a constant of th sal 
solution. 





Exercise Test 








Work End- 
Load point RPP each test. No COMPIA ONS were observed ei the pre 


dures. 





75.WX 3min Ang 225 
1 Ang 260 


Exh 391 
xh 250 
ST 300 


180 w X 3min ee ere Va leads i in r pakiet and in the inferior leads] in rn where 
125WX 1min Exh 184 : 1 patient had episodes associated with either S-T se; 
ment. elevation or depression in the anterior lea 
Three patients showed S-T segment depression in th 
75WX3min > 209 anterior leads during chest pain at rest. In 6 patiente, 
; angina was of recent onset (<3 months). 
125 WX 3min 176 Exercise tests (Table I); Four patients (Cases 2. 
W am a 7, and 10) had 1 negative test and 2 positive tests; 
o om j patient (Case’3).had 2 negative tests and 1 positive tesi 
78 WX 2 min 213 Seven patients had all 3 positive tests. Chest pai oc 
curred during all 3 exercise tests in 3 patients, whil 
patients had at least 1 exercise test ended because o 
exhaustion. In 1 patient the end point was angi 
tests and S-T segment depression >3.mm withou 
gina in the third test. é 
S-T segment elevation was observed in 2 p 
(Cases 3 and 4) during 1 exercise test andin 1 p 
ents of 25 W every 3 minutes. A triple thermistor ther- (Case 5) during 2 tests. In 6 patients (Cases 1, 6,8, 
| catheter (Wilton Webster Laboratories, Altadena, and 12) all 3 exercise tests induced S-T segmen 
nia) was inserted into the coronary sinus with the tip pression. In 5 of these patients, S-T segment depressio 
: ithe great cardiac vein, so that the flow recorded occurred at different work loads with a wide ran 
values of double product. One illustrative case is sho 
in Figure 1. In 1 patient (Case 8) exercise tolerance 
not change substantially during the 3 tests; howeve 
depression was: more marked. during the first th 
during the second exercise test although a higher va 
traarterial pressure. of double product was attained during the latter. ` 
val of 30. minutes was allowed to elapse between the Angiographic features: No patient had akinetic « 
he first exercise test and the administration of ni- dyskinetic areas of the left ventricle. The average ej 
Great cardiac vein flow (GCVF) was calculated using tion fraction was 59.7 and the average left ventricula 
g! formula: GCVF = V; x [(Tp — TIT) — Tm) — end-diastolic pressure was 12.5 + 5mm Hg. Co 
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ic saline solution at 24° per 30 seconds using a pump 
ml/min. The left brachial artery was punctured 
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different days yielded different results. The 
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a test was negative 


DP =.double product 






















© Work Load = = point 












a ae 


"Double Product a : 
2 (ml/min) 


{mm Hg beats/min 1072) 












75WX3min Ang 





100WX2min Exh 
2B WX 2min oe AR 


After r nitedipine 


; Peak exercise - 1 w x 2 min : Ang ‘ 


{S-T 1mm 208 152 


\ST4mm | 134 105 


jst4mm © 188 164 


72 






Sie, Zg% 64 
“~ 269 194 
103 







116 











ae opariagraphio ange: 


rteriography (Table II) showed normal coronary ar- 
ies in 2 patients. Seven patients had single-vessel 
isease with involvement of the left anterior descending 
rtery in 5, of the right coronary artery in 1 and of the 
mflex branch in 1. 

Three patients. had 2-vessel disease. During the 
rocedure, 2 patients exhibited a spontaneous spasm 
the right coronary artery and 1 of the left anterior 
escending artery. One patient had an ergonovine- 
luced spasm of the left anterior descending artery . 
Great cardiac vein flow measurements (Table 
II): Both patients showed an increase in flow at peak 
xercise. After administration of nifedipine they tol- 
ted heavier work loads than before and attained 


ardiographic signs of ischemia did not appear in 1 pa- 


roduct in the other. The increase in flow in the great 





_ than before administration of nifedipine (Fig. 2). 
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cardial oxygen consumption in the presence of fixed - : 


igher values of double product. Despite that, electro- 
nt and occurred at far greater values of double 


_ cardiac vein at peak exercise was more marked after 
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Discussion 
~ Variability of angina threshold during exercise: 
Stable exertional angina is caused by increased myo- 


stenoses of the large coronary arteries. The concept that 
coronary: lesions are fixed implies that myocardial 
ischemia occurs reproducibly at a given level of myo- 
cardial oxygen consumption. Epstein and Talbot! re- 
cently challenged this concept, because it does notex- 
plain several clinical characteristics often observed ine 
patients with angina pectoris. For instance, “.. . it does 
not explain why angina threshold should vary markediy 
during different times of the day, different times of the 
week, or different seasons of the year.”!9 This lack of 
reproducibility and predictability has been reported in 
classic descriptions of angina of effort.°.2! Friedberg, 
observing that some patients have only occasional sei- 
zures at intervals of days, weeks, or months, comments 
that “these intervals depend to some extent on av 
ance of the factors which elicit the anginal attacks 
































FIGURE 2. Case 12. In this jateni with disease 
isolated left anterior descending artery, meas! 
of great cardiac vein flow. were performed dur 
cise; before and after administration of nifedip 
the drug, the patient tolerated a greater work load 

attained a higher value of double product. This bene’ 
Be effect was achieved by an increase in great cardi 
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; play of factors relating to the Physiological and 
‘emotional set of a patient.” However, a good repro- 
ducibility of exercise test results, repeated at short- or 
long-term intervals, has been shown in patients with 
stable exertional angina.?>?3 Moreover, when occasional 
patients showing a variation in their exercise tolerance 
were studied,2* angina always occurred at a constant 
level of heart rate-systolic pressure product, an indirect 

index of myocardial oxygen consumption. 

All 12 patients in our study had vasospastic angina 
at rest and clinical evidence of variable threshold ex- 
ertional angina. Repeat exercise testing objectively 

“demonstrated the variation in exercise tolerance and the 
variable occurrence of angina that was not dependent 
-on the achievement of a critical level of heart rate-sys- 
tolic pressure product. Other determinants of myocar- 
dial oxygen consumption not reflected by the double 
product, such as contractility or left ventricular size, 
may be operative in producing the variation in exercise 
tolerance in our patients. However the double product 
is well correlated with myocardial oxygen consumption 
during exercise,” and in patients with stable effort 
angina chest pain occurs when a critical level of double 
product is achieved.*4°6 Thus, there is no reason to as- 
sume that changes in other factors, not included in the 


double product, could play a major role-in determining | 


~ the wide variation in exercise capacity observed in our 
patients with vasospastic angina. 

~~ Role of dynamic coronary tone in exertional 

angina: Variability of the angina threshold may be due 

< to a functional mechanism that causes myocardial 

< ischemia in addition to the increased myocardial met- 

> abolie requirements provoked by exercise. It has been 


oe -shown by us!>?? and others??? that in patients with 


variant angina, exercise-induced S-T segment elevation 
“is caused by coronary spasm. Recently, Yasue et al”? 
-reported a circadian variation of exercise capacity in 
patients with variant angina. These investigators 

howed that the treadmill exercise test induced re- 
peated attacks in the early morning but not.in the af- 
ternoon of the same day, even though the exercise was 
heavier in the afternoon than in the morning. In their 
patients, coronary angiography revealed that the di- 
ameter of the coronary vessels was smaller in the 
- morning than in the afternoon. Under conditions of 
_ increased coronary tone, exercise can readily induce 
spasm and result in an attack. Furthermore, it has been 

monstrated that the exercise test is frequently posi- 
tive in patients with active variant angina!®° but may 
~ become negative if the patient is ina latent phase of his 
sease. Thus, the fluctuating susceptibility of the 
_ coronary vessels to vasoconstriction may be responsible 


tein and Talbot!’ recently developed the hy- 
that subtle alterations in coronary tone may 


ccount for the spontaneous changes in angina thresh- 


: old during exercise. They armloped, the Toneept that 


cise because 
by the eve 


ial presence of organic coronary 8 

On the contrary, when coronary tone is high, oxyge: 
supply is decreased and even moderate physic 
tivities may induce chest pain and myocardial ischem 
In. some patients, exercise-induced coronary spasm m 
supervene, as in patients showing S-T segment elevatior 
during exercise and probably in those showing unex 
pected S-T segment depression at very li 

loads. | 

Clinical implications: Our data show that varial 
threshold exertional angina is clinically observ 
about one third of patients with vasospastic angina anc 
can be objectively demonstrated by repeat. exercise 
testing. In this study we did not test patients with 
fixed limitation of exercise tolerance or without effort 
angina. Thus, it is not possible to establish in tho: 
patients a correlation between the clinical history anc 
the repeat exercise test results. 

Coronary tone changes seem the most likely expla 
nation for the variable occurrence of chest pain and 
myocardial ischemia during exercise in patients wit. 
vasospastic angina. In such patients, calcium-channe 
blocking agents, which lower coronary tone*!*2 and 
prevent the occurrence of coronary spasm," may hav 
beneficial effects, whereas propranolol may be inef 
fective and even detrimental, as demonstrated by Yasu 
et al.“ An increase in exercise capacity was observed i 
2 of our patients to whom nifedipine was administered 
After drug administration, both patients tolerate 
heavier work loads. Ischemic electrocardiograpic 
changes were no longer observed in 1 patient and oc 
curred at higher values of double product in the othe 
patient. We documented that this salutary effect was 
achieved by an increase in coronary flow during exercise. 
These results lend further support to the hypothe: 
that changes in coronary tone may account for th 
variability of angina threshold observed during:-exercis 
in some patients with vasospastic angina. Furthe 
studies. should also focus on the recognition of this 
clinical manifestation in patients without vasospastic 
angina, and should assess the role of dynamic coronary 
tone in stable exertional angina. 
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Ang = = angina; ECG = -leorocarderephic Exh = exhaustion; GCVF = great cardiac vein tow; Ist = sT segment depression Lar oO 
Hpcardiographic changes. : 


teriography (Table 1D showed normal coronary ar- Discussion Eo 
ies in 2 patients. Seven patients had single-vessel Variability of angina threshold during 6 exe 
disease with involvement of the left anterior descending Stable exertional angina is caused by increased 
ry in 5, of the right coronary artery in 1 and of the cardial oxygen consumption in the presence of fixe 
ircumflex branch in 1. stenoses of the large coronary arteries. The concept t 
Three patients had 2-vessel disease. During the coronary ‘lesions are fixed: implies. that myocar 
ocedure, 2 patients exhibited a spontaneous spasm ischemia occurs reproducibly at a given level of myc 
f the right coronary artery and 1 of the left anterior cardial oxygen consumption. Epstein and Talbot!’ 
dine artery. One patient. had an oes cently challenged this concept, because it does n 
plain several clinical characteristics often obse: 
patients with angina pectoris. For instance, ‘ 
j Both | patients showed . an increase in flow at peak not explain why angina threshold should vary mark 
1 cise. After administration of nifedipine they tol- during different times of the day, different times of the 
ted heavier work loads than before and attained week, or different seasons of the year.”!9 This lac 
vé i reproducibility and predictability has been repor 
classic descriptions of angina of effort.2".2! Friedbe 
observing that some patients have only occasiona 
zures at intervals of days, weeks, or months, com: 
that “these intervals depend to some extent on a 
ance of the factors which elicit the > anginal atta 
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Exercise Test 
E Work End- ECG 
Case Load point RPP Changes 
1 75WX3min Ang 225  |{8-T2mm 
. VaVe 
2°... 125W.X 3 min Ang 260. {ST2mm 
p, A : ttl, aVF 
oe) 150WXSmin Exh 391 m 
4 150 WX 2 min xh 250 —_ 
5 = 125 WX 2min S-T 300 ISTA mm 
6 150WX3min Exh 278 {5-7 25 mm 
VaVe 
7 125 W X 1 min Exh 184 \s-T1 mm 
Va- 
8 75WXimin Ang 232 ist 1 mm 
ja 
9 75WX3min Exh 209 {8-T 1,5 mm 
Hi, IN, aVF, 
Vs-Ve 
10 125 W X 3 min Ang 176 «| įS$-Timm 
VaV 
75WX3min Exh 221. (ST imm 
VaVe 
75 W X2min Ang 213 {$-T 3mm 
VaVe 





mg of nifedipine; the tests were done with the patient in the 
_. supine position with an initial work load of subsequent. in- 
crements of 25 W every 3 minutes. A triple thermistor ther- 
odilution catheter (Wilton Webster Laboratories, Altadena, 
alifornia) was inserted into the coronary sinus with the tip 
vanced to the great-cardiac vein, so that the flow. recorded 
as entirely from the great cardiac vein.’ Tts position was 
mnfirmed with fluoroscopy and frequently checked 
iroughout the procedure. Flow measurements were obtained 
_ in basal conditions and at peak exercise’®!* by injecting 
physiologic saline solution at 24° per 30 seconds using a pump 
rate of 56 ml/min. The left brachial artery was punctured 
to measure intraarterial pressure. 
n interval of 30: minutes was allowed to elapse between the 
nd of the first exercise test andthe administration of ni- 
edipine. Great cardiac vein flow (GCVF) was calculated using 
é following | formula: GCVF = V; x (Ty TIA Th ~ Ta) —- 

























RE 1. Case 11, Three exercise tests performed in: 
con: different days yielded different results: The 
nd asts induced chest pain and S-T seg- 
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presents the volume of injectate (ni/min 
and Tj, Tj, and Tm the temperatures of blood, injectate, and 
mixture of blood and injectate; 1.08is a constant of the salin 
solution. 

Informed consent was obtained from all patients ‘before 
each test. No complications were observed during the proce- 



















Results 


Clinical features: Eleven patients were men an 
a woman, with an average age of 52.7 years (range 3 
62). n 8 patients, anginal attacks at rest were associa 
with S-T segment elevation, occurring in the anter 
leads in 4 patients and in the inferior leads in 4, whereas 
1 patient had episodes associated with either S-T seg- 
ment elevation or depression in the anterior leads, 
Three patients showed S-T segment depression in the 
anterior leads during chest pain at rest. In 6 patients, 
angina was of recent onset (<3 months). 

Exercise tests (Table I): Four patients (Cases 2, 
7, and 10) had 1 negative test and 2 positive test: 
patient (Case 3) had 2 negative tests and 1 positive test. 
Seven patients had all 3 positive tests. Chest pain o 
curred during all 3 exercise tests in 3 patients, while 8 
patients had at least 1 exercise test ended because 
exhaustion. In 1 patient the end point was angina in 
tests and S-T segment depression >3 mm without. an 
gina in the third test. 

S-T segment.elevation was observed in 2 patients 
(Cases 3 and 4) during 1 exercise test and in 1 patient. 
(Case5) during 2 tests. In 6 patients (Cases 1, 6, 8, 9,11, 
and 12) all 3-exercise tests induced S-T segment de- 
pression. In-6-of these patients, S-T segment depressio: 
occurred at different work loads with a wide range 0 
values of double product. One illustrative case is shown. 
in Figure 1. In 1 patient (Case 8) exercise tolerance did 
not change substantially during the 3 tests; however S-T 
depression was more marked during the first t 
during the second exercise test although a higher valu 
of double product was attained during the latter. 

Angiographic features: No patient had akinetic or. 
dyskinetic areas of the left ventricle. The average ejec- 
tion fraction was 59 + .7 and the average left ventricular 
end-diastolic pressure was 12.5 + 5mm Hg. Coronar i 
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ardiovascular Disease in the Very Elderly 
nalysis of 40 Necropsy Patients Aged 90 Years or Over 
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nical and necropsy observations are described myočatdial infarction at necropsy, only 4 had typical 
0 patients (29 women) aged 90 years and older. clinical features of infarction. 
the majority (21 patients [57 % |) died during the 4 Calcific deposits were present in = 1 aortic valv 
coldest months, and 12 (30%), during the 4 cusps in 22 patients (55%), causing aortic valv 
warmest. months. At necropsy, 39 had = 1 major stenosis in 2, and in the mitral anulus in 19 (47 % 
ardiac abnormalities, the most frequent being probably causing mitral valve stenosis in 1. oe 
alcific deposits in the major epicardial coronary Amyloid deposits were present in the heart in at 
arteries in 37 (92%). In 28 patients (70%), 1 or least 9 patients; they were grossly visible an 
more of the 4 major arteries was narrowed 76 to caused fatal cardiac dysfunction in 4, and mic 
00% in cross-sectional area (XSA) by athero- scopically visible only in 5, causing no cardia 
erotic plaques, an average of 1.9/4.0 per patient: dysfunction. Eight patients (20%) had chron 
he 12 patients with clinical events compatible with congestive heart failure; 27 of 39 (69%) had eith 
myocardial ischemia (angina pectoris or myocardial a history of systemic hypertension or blood pressu 
arction) had an average of 2.2/4 and the other 28 > 140/90 mm Hg during their final year of life. 
tients an average of 1.0/4.0. In 36 patients, a cordial murmurs were recorded in 25- (62%) 
jistologic section was examined from each 5 mm tients—systolic | only in 24 and both systolic ar 
ong segment from each of the 4 major coronary diastolic in 1. Data from electrocardiograms w 
eries: of the 1,789 segments, only 6 (<1%) were available in 30 patients: 12 (40% ) had atrial fi 
arrowed 96 to 100% in XSA by plaques; 147 (8%), lation; 12 (40%); abnormal axis; 12, complete 
95%; 339 (19%), 51 to 75%; 930 (52%), 26 bundle branch block; 1, criteria for left ventricul: 
50%, and 367 (21%), 0 to 25%. The average hypertrophy (despite increased cardiac mass 
iount of XSA narrowing for the 1,789 segments 67%); and 1, low voltage. 
about 42%. In 10 patients with clinical evidence All patients had fairly extensive atheroscleros 
yocardial ischemia, the average amount of of the aorta, with aneurysmal formation in 5 wi 
wing per segment was approximately 55%; in fatal rupture in 3. Five had strokes, which were f 
patients without clinical ischemia, the aver- in 4, At least 5 had leg claudication. Two had i 
was about 38%. Of the 40 patients, 18 (45%) sive pulmonary emboli superimposed on chroni 
left ventricular transmural foci of fibrosis or obstructive pulmonary disease. : 
osis or both. Of 14 patients with transmural Thus, cardiovascular disease was present at 
s, only Thad a clinical event compatible with necropsy in 39 of our 40 patients, but frequently it. 
ute myocardial infarction; of the 10 with acute was not diagnosed clinically. 




















































houh the average age at death has increased dra- been focused on the clinical and morphologic freq ue 
cally during this century, the maximal length of life cies and types of cardiovascular disease obs 
hanged.' The percentage of individuals sur- these very elderly persons. This report describes 
90 years and beyond, however, is increasing.” types of cardiovascular disease found at necropsy | 
about 1% of the population i in the United States patients aged 90 years or over. 
s aged 90 years or older.* Very few necropsies are 

rmed in patients dying after age 90 years (fre- Patients 
about 4%)” and, therefore, little attention has General observations: Clinical and aipha 
y observations in the 40 patients are detailed in Table 
meee Thé patients died and underwent necropsy at 12 

thol ogy Branch, National Heart, Lung, and Blood Institute, ferent hospitals (104 in. the Washington, B; Cc. are: BT 
titutes of Health, Bethesda, Maryland. Manuscript received patients]); subsequently the heart and frequently t 
aortas were examined in all 40 patients by 1 of 
Wa, The year of death in 37 patients was: betwe 
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1967 and 1982; the other 3 patients had been studied 
both clinically and at necropsy at the National Insti- 
tutes of Health in 1954, 1966, and 1967, respectively. 
The month of death was known in 37 patients: death 
occurred during 4 cold months (November to February) 
in 21 (57%); during 4 warm months (June to September) 
in 11 (30%), and during intermediate weather months 
in 5 (13%) (p <0.05). (The data throughout this study 





TABLE Il Morphologic Cardiac Observations in 40 
Necropsy Patients Aged 90 to 103 Years 
Patients 
n % 
Coronary arterial disease 
Calcium 37 92 
Luminal narrowing 76 to 100% 28 70 
in XSA by atherosclerotic 
plaques of 21 
major coronary arteries 
Acute myocardial infarction 10 25 
Healed myocardial infarction 14 35 
Aortic valve disease 
Calcium 22 55 
Stenosis 2 5 
Mitral anular disease 
Calcium 19 47 
Cardiac amyloidosis (fatal) 4 10 
Dilated cardiomyopathy 1 3 
Obliterative pericardial disease 
Idiopathic 1 5 
latrogenic 1 5 


were analyzed using the t test for paired and unpaired 
data and linear regression tests to determine correlation 
coefficients.) The ages of death in the 40 patients ranged 
from 90 to 103 (mean 94); 29 (72%) were women and 11 
(28%) were men; 31 (78%) were white and 9 (22%) were 
black. 

Heart weights and body weights: The weight of the 
heart was increased (>350 g in women and >400 g in 
men) in 27 (67%) patients. The hearts in the 29 women 
ranged from 220 to 630 g (mean 408), and those in the 
11 men, from 335 to 660 g (mean 490). The body weights 
in the 23 women ranged from 41 to 85 kg (mean 52) and 
the heart weight-body weight ratio, from 0.003 to 0.013 
(mean 0.007). Thus, the mean heart weight was 0.7% of 
the body weight (normal value for younger women is 
approximately 0.4%4). The body weights in 7 men 
ranged from 47 to 68 kg (mean 50) and the heart 
weight-body weight ratios, from 0.006 to 0.013 (mean 
0.009). Thus, the mean heart weight was 0.6% of the 
mean body weight (the normal value for younger men 
is approximately 0.45%‘). 

Necropsy observations (Table II): Coronary ar- 
terial calcification (Fig. 1 to 6): Calcific deposits within 
atherosclerotic plaques were observed grossly in the 
epicardial coronary arteries in 37 (92%) patients. In 28 
patients, radiograms of the heart or of the excised cor- 
onary arteries were performed; all patients had calcific 
deposits in the coronary arteries: 23 (82%), in the left 
anterior descending, left circumflex, and right coronary 
arteries, and the other 5 patients, in 2 of these 3 major 





FIGURE 1. Patient 29 (SH #A80-74). Tortuous and heavily calcified coronary arteries in a 95-year-old woman who never had symptoms of cardiac 
dysfunction and who died from a perforated gastric ulcer. Top left, postmortem radiogram of the excised right (R), left main (LM), left anterior descending 
(LAD), and left circumflex (LC) coronary arteries. Top center, radiogram of a portion of the heart after removing the walls of the atria and most of 
the walls of the ventricles. MVA = mitral valve anulus. Top right and lower panels, photomicrographs of coronary arteries at sites of maximal narrowing 
by calcified atherosclerotic plaques. (Movat stains; magnification X17, reduced 40%.) This case illustrates extensive calcific deposits in the coronary 
arteries without significant luminal narrowing. 
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coronary arteries. In 23 of the 28 patients, the left main 
coronary artery was studied radiographically: 18 (78%) 
had calcific deposits. Thus, of 112 major epicardial 
coronary arteries studied radiographically in 28 pa- 
tients, 97 (87%) were seen to contain calcific deposits. 
Of the 37 patients with demonstrated calcific deposits 
in the epicardial coronary arteries, 26 (70%) also had 
calcific deposits in either aortic valve cusps or mitral 
anulus or both. Of the 3 patients without calcium in the 
coronary arteries, none had calcific deposits in either 
aortic valve cusps on mital anulus (Fig. 7 and 8). 
Coronary arterial atherosclerosis (qualitative 
studies): At necropsy, 39 of the 40 patients had 21 
significant cardiac conditions on gross examination. One 
or more of the 4 major (right, left main, left anterior 
descending, left circumflex) epicardial coronary arteries 
was narrowed 76 to 100% in XSA by atherosclerotic 
plaques in 28 (70%) patients; 37 (92%) had grossly pal- 
pable calcific deposits in 21 major coronary arteries. 
None of the 28 patients had significant (>75% in XSA) 
narrowing in the left main coronary artery. Of the other 
3 major coronary arteries, 1 was significantly narrowed 
in 8 patients (29%), 2 were narrowed 76 to 100% by 
plaques in 15 patients (53%), and 3 arteries were so 





FIGURE 2. Patient 28 (SH #A79-77). Coronary arteries in a 95-year-old 
man who never had symptoms of cardiac dysfunction and who died from 
cancer. Top, aorta and coronary arteries from above. Bottom, radi- 
ograms of aortic root (Ao) and excised coronary arteries which contain 
calcific deposits. FD = first diagonal; LAD = left anterior descending; 
LC = left circumflex; LM = left main; R = right. 
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narrowed in 5 patients (18%). Of the 112 major coronary 
arteries in these 28 patients, 53 were significantly nar- 
rowed, an average of 1.9/4 major coronary arteries per 
patient. Of the 160 major coronary arteries in the 40 
patients, the average number narrowed per patient was 
1.3. 

Of the 12 patients with clinical evidence of myocar- 
dial ischemia (angina pectoris or a clinical event diag- 
nosed as or compatible with acute myocardial infarction 
or both), at least 1 of the 4 major coronary arteries was 
narrowed 76 to 100% in XSA by plaques: in 10 patients, 
2 arteries (right, left anterior descending, or left cir- 
cumflex) were so narrowed and in the other 2 patients, 
3 arteries. Thus, of the 48 major coronary arteries (4 per 
patient) in these 12 patients, 26 arteries were signifi- 
cantly narrowed, an average of 2.2/4.0 per patient. 

Of the 28 patients without clinical evidence of myo- 
cardial ischemia, at least 1 of the 4 major coronary ar- 
teries was narrowed 76 to 100% in XSA by atheroscle- 
rotic plaques in 16 patients (57%): in 8 patients, only 1 
artery was so narrowed; in 5 patients, 2 arteries; and in 
4 patients, 3 arteries. In 12 patients (43%), none of the 
4 major coronary arteries was significantly narrowed. 
Thus, of the 112 major coronary arteries in these 28 
patients, 27 (24%) were significantly narrowed, an av- 
erage of 1.0/4.0 per patient. 

Coronary arterial atherosclerosis (quantitative 
studies): In 36 patients, including 26 of the 28 in whom 
1 or more of the 4 major coronary arteries were signifi- 
cantly narrowed and in 10 of the 12 in whom none of the 
4 arteries was significantly narrowed, each of the 4 major 
coronary arteries was decalcified and cut into 5 mm long 
segments. Each segment was processed in alcohols and 
xylene, and imbedded in paraffin. At least 1 histologic 
section was cut and stained by the Movat method from 
each segment. Of the 1,789 5 mm segments from the 36 
patients (an average of 49 segments per patient [range 
30 to 75]), 6 (<1%) were narrowed 96 to 100% in XSA by 
atherosclerotic plaques; 147 (8%), 76 to 95%; 339 (19%), 
51 to 75%; 930 (52%), 26 to 50%; and 367 (21%), 0 to 
25%. 

A scoring system was utilized to indicate the severity 
of the coronary narrowing. Every 5 mm long segment 
was assigned a score of 1 to 4 based on the amount of 
XSA narrowing by atherosclerotic plaques as follows: 
1 = 0 to 25%, 2 = 26 to 50%, 3 = 51 to 75%, and 4 = 76 to 
100% narrowing. A total score was obtained for each 
patient. The mean score per 5 mm segment was then 
calculated by dividing the total score per patient by the 
number of segments examined. The total scores for the 
36 patients ranged from 53 to 170 (average 107) and the 
mean score per 5 mm segment, from 1.28 to 3.08 (aver- 
age 2.15) (Fig. 9). This mean score indicates that each 
of the 1,789 5 mm segments was narrowed on an average 
of about 42% in XSA (Fig. 9). 

Of the 40 patients, 12 had clinical evidence of myo- 
cardial ischemia. Of these 12 patients, the 4 major epi- 
cardial coronary arteries were available in their entirety 
for quantitative studies in 10. Of 467 5 mm coronary 
segments in these 10 patients, 2 (<1%) were narrowed 
96 to 100% in XSA by atherosclerotic plaques; 90 (19%), 
76 to 95%; 135 (29%), 51 to 75%; 198 (43%), 26 to 50%; 
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and 42 (9%), 0 to 25% (Fig. 10). The total score for each 
of the 10 patients ranged from 88 to 159 (average 120) 
and the mean score per 5 mm segment of coronary ar- 

tery, from 2.20 to 3.08 (average 2.59), indicating that 
-each 5 mm segment was narrowed an average of ap- 
proximately 55% in XSA. 

Of the 28 patients without clinical evidence of myo- 
cardial ischemia, the 4 major coronary arteries were 
available for quantitative studies in 26. Of 1,322 5 mm 
coronary segments examined in these patients, 4 (<1%) 
were narrowed 96 to 100% in XSA by atherosclerotic 
plaques; 63 (5%) were narrowed 76 to 95%; 206 (16%), 
-51 to 75%; 727 (55%), 26 to 50%; and 322 (24%), 0 to 25% 
(Fig. 10). The total score for each patient ranged from 
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53 to 170 (average 98) and the mean score per 5 mm 
segment, from 1.28 to 2.85 (average 2.01) (Fig. 9), indi- 
cating that each of the 1,322 5 mm segments was nar- 
rowed an average of about 38% in XSA. Of these 26 
patients, 21 of the 4 major coronary arteries was sig- 
nificantly narrowed in 16. Of the 857 5 mm coronary 
segments examined in the 26 patients, 4 segments (<1%) 
had lumens narrowed 96 to 100% in XSA by plaques; 63 
(7%), 76 to 95%; 183 (22%), 51 to 75%; 464 (54%), 26 to 
50%; and 143 (17%), 0 to 25%. The total score for each 
of the 16 patients ranged from 56 to 170 (average 111) 
and the mean score per 5 mm segment, from 1.77 to 2.85 
(mean 2.20). Thus, each of the 857 5 mm segments was 
narrowed an average of approximately 44% in XSA. In 


FIGURE 3. Patient 22 (LRC #5). Heart and coronary 
arteries in a 93-year-old woman who was hospitalized 
with worsening chronic congestive heart failure. Top 
left, postmortem radiogram showing calcific deposits 
in the right (R), left anterior descending (LAD), and left 
circumflex (LC) coronary arteries and in the mitral 
valve anulus (MVA) and aortic valve. Top right, view 
of right (RV) and left (LV) ventricles and ventricular 
septum (VS) showing a transmural scar (arrows). 
Bottom, coronary arteries at sites of maximal nar- 
rowing. LM = left main. (Movat stains; magnification 
X17, reduced 40%.) 





FIGURE 4. Patient 13 (LRC #3). This 91-year-old woman had a ‘‘typical’’ clinical acute myocardial infarct, which was fatal. Left, postmortem radiogram 
showing calcific deposits in the right (R), left main (LM), left anterior descending (LAD), and left circumflex (LC) coronary arteries. Right, view of 
left and right (RV) ventricles showing transmural necrosis and fibrosis (arrows) and dilated ventricles. VS = ventricular septum. 
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FIGURE 5. Patient 8 (SH #A82-1). This 90-year-old 
woman had no symptoms of cardiac dysfunction and died 
from a ruptured fusiform abdominal aortic aneurysm. Left, 
postmortem radiogram of the entire heart showing cal- 
cific deposits in the left anterior descending (LAD), left 
circumflex (LC), and left main (LM) coronary arteries. 
Right, view of heart cut in an anteroposterior fashion 
(M-mode or long-axis 2-dimensional echocardiographic 
view) showing a dilated left atrium (LA) and left ventricle 
(LV). A and P = anterior and posterior mitral valve leaf- 
lets; Ao = aorta; RV = right ventricle; VS = ventricular 
septum. 











FIGURE 7. Patient 30 (DCGH #68A80). This 96-year-old 
woman had chronic congestive heart failure from dilated 
cardiomyopathy. Her total serum cholesterol level was 
108 mg/dl. Left, postmortem radiogram of the right (R), 
left main (LM), left anterior descending (LAD), left cir- 
cumflex (LC), first diagonal (FD), and left obtuse marginal 
(OM) coronary arteries showing no calcific deposits. 
Right, right coronary artery section devoid of calcium or 
narrowing. (Movat stain; magnification X16, reduced 
23%.) 
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FIGURE 6. Patient 34 (GT #69A-585). 
This 97-year-old man had complete 
heart block and had a pacemaker in- 
serted when he was 91 years old. Left, 
radiogram of heart at necropsy showing 
calcific deposits in the left anterior 
descending (LAD), left circumflex (LC), 
and right (R) coronary arteries, and a 
pacemaker wire in the right ventricle 
(RV). LV = left ventricle. Right, elec- 
trocardiogram. 
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FIGURE 9. Mean percent cross-sectional area narrowing by athero- 

sclerotic plaques in 1,789 5 mm segments of the 4 major epicardial 

coronary arteries in 36 necropsy patients aged 90 years and older, 10 

of whom had angina pectoris or acute myocardial infarction or both and 
| 26 of whom did not. The mean percentage of narrowing for each 5 mm 
_ segment differs significantly in the group with clinical evidence of 
nila ischemia (55%) and the group without such evidence (p 
~ <0.05). 


FIGURE 8. Patient 40 (GT #70A301). Right (R), left main 
(LM), left anterior descending (LAD), and left circumflex 
(LC) coronary arteries at sites of maximal narrowing in 
a 103-year-old woman. She never had evidence of car- 
diac dysfunction and died from complications of a duo- 
denal ulcer. The coronary arteries are devoid of calcium 
and of significant narrowing. (Elastic van Gieson’s stain; 
magnification X16, reduced 31%.) 
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FIGURE 10. Mean percent cross-sectional area (XSA) narrowing by 
atherosclerotic plaques in the 5 mm segments of the right, left main, ‘ 
left anterior descending, and left circumflex coronary arteries in the a 
36 patients in whom the 4 major coronary arteries in their entirety were 
available for examination. The 36 patients were classified into 10 with 

and 26 without clinical evidence of myocardial ischemia. For each of 

the 4 categories of narrowing, a highly significant (p <0.01) difference 

in the amount of narrowing was observed. 


the 10 patients without significant narrowing, 465 5 mm 
segments were examined: 23 (5%) were narrowed 51 to 
75% in XSA by plaque; 263 (57%), 26 to 50%; and 179 
(38%) <25%. The total score for each of these 10 pa- 
tients ranged from 53 to 138 (average 85) and the mean 
score per 5 mm segment, from 1.28 to 2.07 (average 
1.66). Thus, each of the 465 segments was narrowed an 
average of approximately 29%. 

Left ventricular fibrosis or necrosis or both: Of the 
40 patients, 18 (45%) had 21 grossly visible foci of 
transmural (involvement of all the inner one half and 
a portion of or all of the outer one half of left ventricular 
wall) sites of necrosis or fibrosis or both (Fig. 3 and 4). 
Of the 18 patients, 5 had foci of transmural necrosis 
only, 8 had transmural scars only, 4 had transmural foci 
of necrosis and fibrosis, and 1 had transmural fibrosis 
and subendocardial (involvement of less than the inner 
one half of the left ventricular wall) necrosis. Of the 23 
transmural infarcts in 18 patients, 11 (2 acute, 11 healed 
[10 patients]) were “small”; 9 (7 acute, 2 healed [8 pa- 
tients|) were “large”; and 2 (both healed [2 patients]) 
were “intermediate” in size. All 18 patients had nar- 
rowing of 76 to 100% in XSA by atherosclerotic plaque 
of =1 of the 4 major epicardial coronary arteries. None 
of the 10 patients with fatal acute myocardial infarction 


FIGURE 11. Patient 17 (GT #78A58). A 92- 
year-old woman with clinically recognized and 
eventually fatal aortic valve stenosis. Top left, 
stenotic aortic valve from above. PV = pul- 
monic valve; R = right; LM = left main; LAD = 
left anterior descending coronary arteries. Top 
right, postmortem radiogram showing heavy 
calcific deposits in the aortic valve (AV) and 
in mitral valve anular (MVA) region. Bottom 
left, radiogram of the heart at necropsy 
showing calcific deposits in the coronary ar- 
teries, in the aortic valve, and in the mitral 
anular region. Bottom right, long-axis view of 
heart (M-mode or 2-dimensional long-axis 
view) showing a small left ventricular (LV) 
cavity, a thickened and ‘“‘sigmoid-shaped”’ 
ventricular septum (VS), and the stenotic aortic 
valve just above the right ventricular (RV) 
outflow tract. LA = left atrium. 
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had a thrombus in a major coronary artery at ne- 
cropsy. 

Valvular and anular calcification (Fig. 11 to 16): 
Grossly visible calcific deposits were present in 21 of 
the 3 aortic valve cusps (on their aortic surfaces) in 22 
patients (55%): in 20 patients, the amount of calcium on 
the cusps was mild (graded 1+ or 2+/4+) and valvular 
function was considered normal; in the other 2 patients 
(Cases 1 and 17) (Fig. 11), the cuspal calcific deposits 
were extensive (4+/4+) and cuspal mobility was limited, 
and the orifice in each appeared severely stenotic. 

Of the 40 patients, 19 (47%) had grossly visible mitral 
anular calcific deposits: graded 1+ in 5 patients (26%), 
2+ in 5 (26%), 3+ in 5 (26%), and 4+ in 4 (22%). In 1 of 
the 4 patients with 4+ mitral anular calcium (Patient 
11), the mitral orifice appeared stenotic (Fig. 13). Of the 
40 patients, 26 (65%) had calcific deposits in the aortic 
valve or mitral anulus or both: in both aortic valve and 
mitral anulus in 16 (62%), in aortic valve only in 7 (27%), 
and in mitral anulus only in 3 (11%). 

Cardiac amyloidosis (Fig. 17): Four patients had 
extensive amyloid deposits detected grossly in the walls 
of all 4 cardiac chambers and in many other body or- 
gans.® The extent of the deposits in each patient pro- 
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FIGURE 12. Patient 31 (GT #68A-367). Radiogram of the heart showing 
heavy calcific deposits in the aortic valve (AV), mitral valve anulus 
(MVA), and right (R) coronary artery. The ventricular septum (VS) has 
a S or sigmoid shape (dashed line). RV = right ventricle. 


manifested primarily by chronic congestive cardiac 
failure. The presence of extensive amyloidosis was 
confirmed by histologic examination. At least 5 other 
patients also had amyloid deposits. The extent of the 
cardiac amyloid deposits in these 5 patients, however, 
was minimal and detectable only by histologic exami- 
nation. Among the 40 patients, histologic sections (1 to 
8 per patient [mean 3]) of left ventricular myocardium 
extending from endocardium to epicardium were ex- 
amined in 37: 9 of the 37 patients (24%) had amyloid 
deposits, which were “massive” in 4 and minimal in 


Idiopathic dilated cardiomyopathy: One patient 
(Case 30) had a large heart (700 g), dilated ventricular 
cavities without foci of myocardial fibrosis or necrosis, 
normal valves and pericardia, epicardial coronary ar- 
teries virtually free of atherosclerotic plaques, and 
chronic congestive heart failure. Although a history of 
systemic hypertension was absent, the blood pressure 
in the last month of life was recorded as 140/90 mm Hg. 
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The kidneys, however, were near normal. This patient, 
therefore, fulfills criteria for diagnosis of idiopathic 
dilated cardiomyopathy. The patient apparently had 
habitually consumed excessive quantities of alcohol. 

Obliterative “pericarditis”: Two patients (Cases 14 
and 34) had obliterated space between visceral and 
parietal pericardia by adhesions, some calcified. One 
(Patient 14) had had talcum powder sprinkled on the 
epicardium 29 years before death at operation (Beck 
procedure) for relief of angina pectoris.’ This patient 
was the only 1 of the 40 who had undergone a cardio- 
vascular operation. The cause of the obliterative peri- 
cardial disease in the other patient was not deter- 
mined. 

Disease of aorta: In 34 of the 40 patients, the status 
of the aorta was known. In all 34, the aorta was dilated 
in both its transverse and longitudinal dimensions. The 
latter produced varying degrees of tortuosity. Some 
degree of atherosclerotic plaquing was present in the 
aorta in all 34 patients. The most extensive plaquing 
involved the abdominal portion. Three patients (Cases 
8, 13, and 34) had atherosclerotic fusiform abdominal 
aortic aneurysms with intraaneurysmal thrombus; 
death in 1 (Patient 8) was secondary to aneurysmal 
rupture. One patient (Case 25) had an atherosclerotic 
fusiform aneurysm of the descending thoracic aorta 
which ruptured, and 1 patient (Case 11) had a dissection 
limited to descending thoracic aorta; death was due to 
rupture of the aneurysm into the esophagus.!° 

Cerebrovascular disease: Extensive cerebral arterial 
atherosclerosis was described in the necropsy reports 
in each of the 4 patients (Cases 30, 31, 33, and 38) with 
clinical strokes. 

Pulmonary embolism: Massive pulmonary embolism, 
that is, thromboembolic material in 1 or both major 
right and left main pulmonary arteries, was observed 
at necropsy in 2 patients (Cases 10 and 26). Both had 
underlying chronic obstructive pulmonary disease. 

Clinical observations: Evidence of coronary heart 
disease: Of the 40 patients, 12 (30%) had definite or 
probable clinical evidence of coronary heart disease as 
manifested by angina pectoris or acute myocardial in- 
farction or both: 1 patient (Case 14) had angina only, 1 


FIGURE 13. Patient 11 (GT #80-A-126). A 90-year-old 
woman with heavy mitral valve anular calcific deposits 
which reduced the mitral valve orifice to <1 cm in di- 
ameter (a). The unusual feature of the mitral calcium in 
this patient was that it not only was located behind the 
posterior mitral leaflet (mitral anular region) but it also 
extended across the anterior mitral leaflet nearly pro- 
ducing a letter O, as has been described previously.” She 
died from rupture of a descending thoracic aortic aneu- 
rysm. VS = ventricular septum. b, view of the left ven- 
tricle at the level of the tips of the mitral leaflets showing 
a very small cavity. 
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FIGURE 14. Patient 32 (SH #A81-62). A 97-year-old woman who never had clinical evidence of cardiac dysfunction and who died from cancer. 
a, external view of anterior surface of the heart showing an increased amount of subepicardial fat. Ao = aorta; LV = left ventricle; PT = pulmonary 
trunk; RV = right ventricle. b, postmortem radiogram showing calcific deposits in the mitral valve anulus (MVA) and aortic valve (AV). LA = left 
atrium; RA = right atrium. c, radiogram of the excised coronary arteries showing a few calcific deposits. LAD = left anterior descending; LC = 
left circumflex; LM = left main; R = right. d, view of aortic valve (AV) and pulmonic valve (PV) from above. e, view of left ventricle showing calcific 
deposits (arrows) in the papillary muscles. f, calcific deposits in mitral anular region. 





FIGURE 15. Patient 32 (SH #80-18). M-mode echocardiogram obtained 10 months before death from the patient whose heart is shown in Figure 
14. The ascending aorta (Ao) has a larger diameter than does the left atrium (LA). The left ventricular (LV) cavity is small. Calcium is present in the 
mitral anular region. (We thank Dr. Robert Montgomery, Bethesda, Maryland, for allowing us to show this echocardiogram from his patient.) 
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(Case 37) had angina and a nonfatal acute myocardial 
infarct 2 years before death. (This patient died 24 hours 
after onset of increased dyspnea and vague chest pain 
but at necropsy no myocardial necrosis was visible his- 
tologically.) One patient (Case 2) had angina and a fatal 
acute myocardial infarct, and 9 patients had fatal acute 
myocardial infarcts which in each was the first one seen 
clinically. The clinical records regarding anginal attacks 
in the 3 patients are deficient in details: 2 patients 
(Cases 2 and 37) were stated to have had angina for 
“many years” and the third patient (Case 14) had an- 
gina for 29 years (since age 63). In none of the 3 patients 
was there information regarding the frequency of the 
anginal attacks and only 1 (Patient 37) was known to 
have taken nitroglycerin tablets. 

Ten patients had deaths compatible with acute 
myocardial infarction. Of these 10 patients, however, 
only 3 (Cases 13, 16, and 23) had typical “crushing” 
substernal chest pain associated with typical electro- 
cardiographic changes and enzyme elevations. The re- 
maining 7 patients all were hospitalized because of some 
acute change in their status; however, acute myocardial 

_ infarction was never clearly established in these patients 
until necropsy. Only 5 of the 7 had chest pain, and it was 
atypical and not severe. Four had acute worsening of 
dyspnea. None had typical electrocardiographic fea- 
tures of acute myocardial infarction, but 5 had complete 
left bundle branch block at admission to the hospital. 
In 5 of these 7 patients in whom serum enzymes (cre- 
atine phosphokinase, lactic dehydrogenase, serum 
glutamic-oxaloacetic transaminase) were determined, 
the values were elevated in 4. Of the 14 patients with 
transmural left ventricular scars, only 1 had a clinical 
event diagnosed as acute myocardial infarction. 

Chronic congestive heart failure was described in 8 
patients (20%). In 4 patients (Cases 4, 21, 27, and 34) its 
cause, as determined initially by necropsy, was diffuse 
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cardiac amyloidosis: in 1 patient (Case 17), its cause was 
aortic valve stenosis, which was diagnosed clinically; 1 
patient (Case 14) had obliterative pericardial disease 
from the Beck procedure 25 years earlier?; 1 patient 
(Case 30) had cardiomegaly (660 g heart) of uncertain 
cause clinically (at necropsy the condition was consid- 
ered idiopathic dilated cardiomyopathy); 1 patient (Case 
22) also had congestive heart failure of uncertain cause 
clinically but at necropsy had a transmural left ven- 
tricular scar and severe narrowing of all 3 major epi- 
cardial coronary arteries. Of the 8 patients with chronic 
congestive heart failure, all had cardiomegaly at ne- 
cropsy and 6 had histories of systemic hypertension 
during life. 

Systemic hypertension: Information regarding “a. 
history of hypertension” or an actual indirect systemic 
arterial blood pressure recording in the last year of life 
was available in 39 of the 40 patients: 19 (51%) had “a 
history” of systemic hypertension; of the 34 patients 
with actual blood pressure recordings, only 7 had sys- 
tolic pressures >140 mm Hg or diastolic pressures >90 
mm Hg. Of the 39 patients on whom information was 
available, 27 (69%) had either “a history of hyperten- 
sion” or a recorded elevated blood pressure in the last 
year of life. Of the other 12 patients, only 1 (Case 23) had 
unequivocal cardiomegaly without explanation. 

Diabetes mellitus: Five patients, all women, had di- 
abetes mellitus. In 2, its duration was known: 20 years 
(Patient 5) and 40 years (Patient 20). One patient (Case 
5) was treated with insulin; 1 (Case 9) with diet alone; 
1 (Case 2) with diet plus tolbutamide; in 2 patients the 
type therapy received was unknown. Although 3 pa- 
tients (Cases 2, 5, and 20) had transmural left ventric- 
ular scars, none had clinical events compatible with 
acute myocardial infarction. 

Precordial murmurs: Of the 40 patients, 25 (62%) had 
had precordial murmurs. In all 25, the murmur was 





FIGURE 16. Patient 28 (SH #79-77). A 95-year-old man who never had symptoms of cardiac dysfunction and died from sarcoma. The coronary 


arteries are shown in Figure 2. Left, radiogram of heart at necropsy showing considerable enlargement of the aorta in comparison to the ventricles. 


LV = left ventricle; RV = right ventricle; R = right, L = left, and P = 


posterior sinuses of Valsalva. Right, aortic valve from above. The coronary 


arteries had been excised before the radiogram and photographs were taken. 


described as systolic: apical only in 6; left sternal border 
only in 8; basal only in 2; all 3 locations in 3; and un- 
specified in 6. Only 1 (Case 9) of the 25 patients had 
both diastolic and systolic precordial murmurs. The 
diastolic murmur appeared to represent mild aortic 
regurgitation from systemic hypertension. The intensity 
of the murmur in the 24 patients with purely systolic 
murmurs was grade 1/6 in 2 patients, grade 2/6 in 5, 
grade 3/6 in 8, grade 4/6 in 4, and unspecified in 5. The 
cause of the precordial systolic murmurs was variable 
and often unclear. Of the 24 patients, 17 (71%) had 
calcific deposits in either the mitral valve anulus or 
aortic valve cusps or both: in mitral anulus only in none, 
in aortic valve only in 4, and in both mitral anulus and 
aortic valve in 13. In only 4 of the 17 patients, however, 
was the extent of calcium grade 8 to 4/6. In contrast, of 
the 15 patients without precordial murmurs recorded, 
8 (53%) had calcific deposits in either mitral anulus or 
aortic valve cusps or both: in 3, the extent of the calcific 
deposits was either grade 3 or 4/6, but 4 of these 8 pa- 
tients underwent precordial examination while in severe 
respiratory distress (3 patients) or in coma (1 patient). 
The blood hematocrit level ranged from 29 to 46% 
(mean 39) in the 18 patients with precordial murmurs 
and known hematocrit values, and from 30 to 57% 
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(mean 38) in the 10 without precordial murmurs but _ 
known hematocrit values. 

Noncardiac vascular disease: Five patients had _ 
strokes, which were fatal in 4 (Cases 12, 31, 33, and 38) 
and nonfatal in 1 (Case 30). Of the 3 patients with fus- 
iform abdominal aortic aneurysms, only the 1 (Case 8) — 
which ruptured was diagnosed during life. Neither the _ 
patient (Case 25) with a ruptured fusiform aneurysm — 
of thoracic aorta nor the patient (Case 11) with rupture — 
of the descending thoracic aorta into the esophagus had — 
the condition diagnosed during life.!° Five patients 
(Cases 1, 3, 9, 20, and 25) had leg claudication, requiring 
amputations in 2 (Cases 3 and 9) for gangrene. In the 2 
patients with massive pulmonary embolism, this con- 
dition was suspected clinically. 

Electrocardiographic data (Fig. 18 and 19) (Tables 
III and IV): Information on electrocardiograms recorded 
at age 90 years or later was available in 30 of the 40 pa- 
tients. In 24 patients, the electrocardiograms were — 
available for reexamination but in the other 6 patients, 
only the electrocardiographic reports were available. Of 
the 30 patients, 3 (Cases 1, 3, and 5) had electrocardio- — 
grams recorded during the acute illness (recordings 4, 
9, and 7 days, respectively, before death). The illnesses, _ 
although not diagnosed clinically, were seen at necropsy 
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FIGURE 17. Patient 4 (DCGH #69A391), a 90-year-old 
man with chronic, eventually fatal congestive heart failure 
from clinically unrecognized cardiac amyloidosis. a, 
external view of the heart showing a prominent left 
ventricle (LV) and left atrial appendage (LAA). PT = pul- 
monary trunk; RAA = right atrial appendage; RV = right 
ventricle. b, right-to-left longitudinal cut of the heart (4- 
chamber, 2-dimensional echocardiographic view) 
showing thickened ventricular walls and dilated right (RA) 
and left (LA) atria. VS = ventricular septum. c, photo- 
micrograph of a portion of the left ventricle showing ex- 
tensive amyloid deposits. d, photomicrograph of LA wall 
showing amyloid deposits in endocardium (E) and in 
myocardium (M). (Hematoxylin-eosin stains; magnification 
X 100 (c) and X25 (d), both reduced 35%.) 
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_to clearly result from acute myocardial infarction. The 
- electrocardiograms in all 3, however, disclosed only 
_ atrial fibrillation and complete left bundle branch block 
_ and these findings in all 3 patients were known to be 
present before the fatal acute myocardial infarction. 
_ The electrocardiograms in the other 27 patients were 
not recorded during periods of acute myocardial 
- ischemia. Of the 30 patients on whom electrocardio- 
| graphic information was available, 8 had clinical evi- 
. dence of heart disease and 22 did not; the findings are 
summarized in Table III. 

The QRS voltage in all 12 leads in each of 24 patients 
is summarized in Table IV (Fig. 19). The total 12-lead 
QRS voltage ranged from 82 to 251 mm (mean 151) (10 

mm = 1 mV). In the 19 women, the total voltage ranged 
| from 82 to 251 mm (mean 158), and in the 5 men, from 
105 to 154 mm (mean 101) (p <0.05). The total 12-lead 
QRS voltage did not correlate with either heart (r = 
= —0.01) or body weight (r = —0.2). The 24 patients in 
whom the total 12-lead QRS voltage was measured were 
separated into 2 groups: 8 patients in whom clinical 
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evidence of cardiac dysfunction was present (coronary 
heart disease in 5, massive cardiac amyloid in 2, aortic 
valve stenosis in 1) and 16 patients without such evi- 
dence. Comparison of the total QRS voltage in the 8 
patients with and in the 16 patients without clinical 
evidence of heart disease disclosed no significant dif- 
ference (mean 147 mm versus mean 152 mm). Break- 
down on the 8 patients with cardiac dysfunction did 
show some differences: the total 12-lead QRS voltage 
in the 5 patients with angina pectoris or acute myocar- 
dial infarction (Patients 1, 3, 5, 14, and 37) ranged from 
123 to 163 mm (mean 143); in the 2 patients with mas- 
sive cardiac amyloidosis (Patients 21 and 27) it was 102 
and 117 mm (mean 109); and in the 1 patient with aortic 
valve stenosis (Patient 17) it was 238 mm. 

Of 29 patients on whom information was available, 
18 (62%) received digitalis and only 2 appeared to have 
evidence of digitalis toxicity. 

Blood hematocrit levels in the last month of life, 
known in 29 patients, ranged from 29 to 57% (mean 
38). 
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FIGURE 18. Electrocardiograms in 4 patients, each recorded at age 90 years or older. None ever had symptoms of cardiac dysfunction and each 
died from noncardiac conditions. Top left, Patient 7 (A66-13). The electrocardiogram was recorded 43 days before death and it is normal (heart 
weight 270 g). Top right, Patient 15 (GT #68A325). The electrocardiogram was recorded 11 days before death and it shows left QRS axis deviation 
and a slightly prolonged P-R interval (heart weight 400 g). Bottom left, Patient 36 (A64-62). This electrocardiogram was recorded 28 days before 
death and it shows left-axis deviation and complete left bundle branch block (heart weight 320 g). Bottom right, Patient 29 (SH #A80-74). This 
electrocardiogram was recorded 128 days before death and it shows atrial fibrillation, left-axis deviation, and complete right bundle branch block 


(heart weight 440 g). 
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Total serum cholesterol levels recorded at age 90 
years or older, available in 10 patients, ranged from 108 
to 283 mg/100 ml (mean 220). 

Total serum protein values, available in 18 patients, 
ranged from 5.2 to 8.1 g/100 ml (mean 6.8). Serum al- 
bumin values, available in 19 patients, ranged from 2.0 
to 4.5 g/100 ml (mean 3.3). 

Blood urea nitrogen values, available in 27 patients, 
ranged from 7 to 70 g/100 ml (mean 33). Most values 
were obtained during the last month of life and some 
patients were clearly dehydrated at the time. 

Modes of death: Of the 40 patients, 18 (45%) ap- 
peared to have died from consequences of cardiac dis- 
ease, 7 (17%) from noncardiac but vascular problems, 
and 15 (38%) from noncardiac and nonvascular prob- 
lems. 

Of the 18 patients with cardiac causes of death, 10 had 
acute transmural myocardial infarcts, 1 (Case 14) had 
chronic congestive cardiac failure after healing of acute 
transmural myocardial infarcts, and 1 (Case 37) died in 
ventricular fibrillation after 24 hours of chest pain and 
at necropsy was shown to have severe coronary athero- 
sclerosis without myocardial necrosis. Fatal congestive 
heart failure was due to aortic valve stenosis in 1 (Pa- 
tient 17), to cardiac amyloidosis in 4 (Patients 4, 21, 27, 
and 34), and to idiopathic dilated cardiomyopathy in 
1 (Patient 30). Of the 7 patients with noncardiac and 
nonvascular causes of death, 4 (Patients 12, 31, 33, and 
38) died from complications of strokes, and the other 
3, from rupture of aortic aneurysms (Patients 8, 11, and 
25). Of the 15 patients with noncardiac and nonvascular 
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FIGURE 19. Various QRS complexes, and how each was measured. 


g (Reproduced with permission from Siegel RJ, Roberts WC: Electro- 
_ Cardiographic observations in severe aortic valve stenosis: correlative 


necropsy study to clinical, hemodynamic, and ECG variables demon- 
strating relation of 12-lead QRS amplitude to peak systolic transaortic 
pressure gradient. Am Heart J 1982;103:210-221.) 
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causes of death, 7 (Cases 6, 7, 9, 28, 32, 35, and 36) died 
from various malignant neoplasms; 3 from nonneo- 


plastic gastrointestional problems (bowel obstruction 
from adhesions in 1 [Patient 15], perforated gastric ulcer 
in 1 [Patient 29], and active duodenal ulcer in 1 [Patient 


40]); 2 (Patients 24 and 39) from complications of bone 
fractures after falls; 2 (Patients 10 and 26) from massive 
pulmonary emboli superimposed on chronic obstructive 


pulmonary disease; and 1 (Patient 18) from uncertain 
cause. Of the 7 patients with fatal malignant neoplasms, — 


3 (Cases 6, 7 and 28) had 2 neoplasms and 4 (Cases 9, 32, 
35, and 36) had 1 neoplasm. 


Discussion 


As in any body organ or tissue, certain changes take — 
place in the cardiovascular system as life progresses. — 


Some of these changes allow easy identification of the 
very elderly heart when examining cardiac specimens 
as unknowns. The “normal” elderly heart has relatively 
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small ventricular cavities and relatively large atria and 


great arteries (Fig. 20). The ascending aorta and left 


atrium, in comparison with the relatively small left _ 
ventricular cavity, appear particularly large. The cor- — 
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FIGURE 20. Diagram summarizing cardiac changes in the very elderly. 


The left atrial (LA) cavity enlarges and the left ventricular (LV) cavity 
becomes smaller. The amount of space available for the mitral leaflets 


decreases with aging, and consequently the number of scallops in the 
leaflets appears to increase. 
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rmer, particularly in association with the decreasing 
of the cardiac ventricles, results in tortuosity. (The 
ung river is straight and the old one, winding.) The 
subepicardial adipose tissue increases in amount with 
wing. The leaflets of each of the 4 cardiac valves thicken 
th age, particularly the atrioventricular valves, which 
ve a smaller area to occupy in the ventricles because 
e diminishing size of the latter. Histologic exami- 
ion discloses large quantities of lipofuscin pigment 
yocardial cells; some contain mucoid deposits 
ucoid degeneration”). These changes appear to af- 
tall population groups of elderly individuals irre- 
ective of where they reside on this earth and irre- 
ctive of their level of serum lipids. An elevated sys- 
mic arterial pressure appears to both accelerate and 
mplify these “normal” expected aging cardiac 
hanges. 
Both the aorta and its branches and the major pul- 
mary arteries and their branches enlarge with age. 
secause the enlargement is in both longitudinal and 
ransverse dimensions, the aorta, like the coronary ar- 
eries, tends to become tortuous. This process also is 
plified as the vertebral bodies become smaller and 
he height, somewhat shorter. The major pulmonary 
_arteries appear to be too short and to have too low a 
„pressure to dilate longitudinally. 
Although several reports have described cardiovas- 
_cular finding at necropsy in aged persons, old age was 
defined as >55,!! >65,!? or >75!8 years, and conse- 
ntly findings in those. aged 90 years and over could 
ot be separated from those occurring in the “younger” 
der persons. The present study appears to be the first 
ocus entirely on a group of necropsy patients aged 
years or older. A major finding in our study is the high 
equency of calcific deposits in the heart. Of the 40 
atients, 37 (92%) had calcific deposits in the epicardial 

















onary arteries increase in n bath length and width and the. : 
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coronary arteries. ‘inh most, the deposits were extensive. 
Although the calcific deposits were located entirely ine 
atherosclerotic plaques, which are located in the intima, © 
the presence of calcific deposits in the coronary arteries 
in this very elderly population did not necessarily in- © 
dicate the presence of significant (>75% XSA) luminal — 
narrowing. In contrast, the presence of calcific deposits 
in epicardial coronary arteries in persons aged <65 years 
generally indicates the presence of significant luminal 
narrowing.'4 The calcific deposits tended to occur in ` 
each of the 4 major (right, left main, left anterior de- 
scending, and left circumflex) epicardial arteries and 
were always larger in the proximal than in the distal 
halves of the right, left anterior descending, and left ` 
circumflex arteries or, if small, limited to their proximal 
halves. 

Calcific deposits occurred with near equal frequency 
(55% and 47%) in the aortic valve cusps and in the mitral 
anular region. The deposits in the aortic valve were lo- 
cated on the aortic aspects of 1 or more of the 3 cusps 
and usually were unassociated with commissural fusion. ` 
The presence or absence of aortic valve stenosis was — 
determined by the quantity of calcium deposited. In 2 
patients, the extent of the calcific deposits imparted an 


immobility to the cusps resulting in aortic valve stenosis. 


The mitral “anular” calcific deposits, of course, were not 
limited to the anulus but included the space between 
the ventricular aspect of the posterior mitral leaflet and’ 
the mural endocardium of left ventricular free wall be- 


hind posterior mitral leaflet. Often this “anular” calci- 
um extended into the adjacent left ventricular myo- 


cardium. Most patients with aortic valve calcium had 


mitral “anular” calcium and vice versa and all with ee 


aortic valvular or mitral “anular” calcium had coronary: oo 

arterial calcific deposits. ne 
The presence of calcium in the 3 locations in the a 

heart, namely the coronary artery, the aortic valve, and 




















Clinical Heart Disease Total oo 
Abnormality Present* (n = 8) Absent (n = 22) n 
jal fibrillation 7 12 
bnormal QRS axis 12 
(730 to ~90°) 4 6 
ight (+111 to +210° 1 1 
plete (QRS 2.0.12 second) BBB 12 
ft 6 1 
te 1 4 
tricular premature complexes 4 6 10 
I premature. complexes 1 2 3 
interval >0:20 second ae 3 ror ae 
ond degree EEO 0 1 ; 
a decree (complete) 1t 0 oe 
abnormality without BBB . 4 13. 
r MaVe oe 0 1 : 
$ S ViVa a 0 1 
0 2 
ventricular hypertrophy without BBB 1 0 1 
(RINVs or Ve + SinV 4235 mm). ; Ps 
jW voltage (QRS S15 mm ind + + a) ee 0 1 met 








t Pacemaker inserted 6 years before death. 
BBB = * punole branch plock. M 


‘Coronary heart disease = 3; cardiac amyloidosis = = 4 aortic valve stenosis = aA 
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us,” m ght be termed the senile cardiac 
ification. syndrome and strongly suggests that the 
iology of the calcific deposits in each of the 3 locations 
similar. It is well appreciated, as already mentioned, 
at the calcific deposits in the coronary arteries are 
Naat in atherosclerotic plaques and, therefore, that 
the calcific deposits in both aortic valve and mitral an- 
ar regions might be viewed as anatomic expressions 
of the atherosclerotic process. All 3 appear to occur only 
ypulations where the total serum cholesterol level is 
0 mg/700 ml. Of our 40 patients, total serum cho- 
sterol levels were available in 10: in only 1 (Patient 30) 
was the level <150, and in 2 the level was 150 to 200 
mg/100 ml. In Patient 30, whose value was 108 mg/100 
mil, no calcific deposits were present in any of the 3 sites; 
in Patient 36 whose level was 165 mg/ 100 ml, minimal 
calcific deposits were present only in the coronary ar- 
teries; and in Patient 28, whose level was 181 mg/100 ml, 
small calcific deposits were present in the aortic valve 
(Fig. 16) and coronary arteries. In contrast, of the 7 
patients in whom the total serum cholesterol level was 
200 mg/100 ml, calcific deposits were present in either 
‘ic valve or mitral anulus or both in 5 patients and 
he coronary arteries in all 7 patients; in each the 
posits were larger. Calcific deposits in the coronary 
tery; aortic valve cusp, and mitral anulus are ex- 
emely rare in populations where total serum choles- 
terol levels are <150 mg/100 ml and, of course, clinical 
evidence of coronary heart disease in these population 
groups is extremely rare! despite a high prevalence of 
systemic hypertension. 
- Of the 40 patients, 28 had narrowing of >75% in XSA 
of 21 of the 4 major epicardial coronary arteries. Of the 
28 patients, 17 had transmural foci of left ventricular 
fibrosis or necrosis (myocardial infarction) and of the 
12 with insignificant coronary narrowing, none had 
grossly visible acute or healed myocardial infarcts. Of 
e 14 patients with healed myocardial infarcts, only 1 
da clinical event compatible with acute myocardial 
infarction which healed. Of the 10 patients with acute 
myocardial infarcts at necropsy, only 3 had typical 
clinical features of acute myocardial infarction; the 
other 7 had acute changes in their clinical course and 
acute myocardial infarction was either suspected or 
compatible with the acute illness. Angina pectoris was 
described in 3 patients, 1 of whom was among the 10 
th fatal acute myocardial infarcts, and 1 of whom had 
-a nonfatal acute infarct. Thus, 12 patients had 
nical features compatible with coronary heart disease 
ch was among the 28 with significant narrowing 
‘the major coronary arteries. Conversely, of the 
jents with significant coronary. narrowing at ne- 
y; 16 (57%) never had either angina pectoris or 
ute myocardial infarction. Of the total 40 patients, 
ly 12 (30%) had clinical events compatible with cor- 
onary heart disease and only in 6 were the clinical events 
really typical, 
In 36 of the 40 patients, each of the 4 major coronary 
arteries were divided into 5 mm long segments and the 


























. narrowing by atherosélerotie plaques/segiient was 42% : 





degree of ie aprons D atherosclerotic oe was- and it, of course, prevents the appearan: 


poe! et to be quite infrequent i in the ‘ery elc 





(range 19 to 69). Of the 4675 mm segments in the 10 
patients with clinical evidence of coronary heart disease, 
the average amount of XSA narrowing/segment was 
55% (range 43 to 69), and 1,322 segments in the 26 pa- © 
tients without clinical evidence of coronary heart dis- ” 
ease, 38% (range 19 to 40) (p <0.01). Among 129 patients... 
aged 22 to 85 years (mean 56), the amount of XSA: > 
narrowing by atherosclerotic plaques/segment averaged. 
67%; in the control subjects, that is, those withou 
symptomatic coronary heart disease, XSA narrowing 
averaged 32%. The mean percent of 5 mm coronary 
segments narrowed 76 to 100% in XSA in the 36 patients 
was 13% (range 2 to 89); of the 10 patients with symp- 
tomatic coronary heart disease, the mean was 19% o0 
(range 10 to 34); and of the 26 patients without symp-. 
tomatic coronary heart disease, the mean was 7% (range. ~ 
2 to 28) (p <0.05). The mean of 19% in patients with 
symptomatic coronary heart disease aged 290 was half 
that observed in patients aged <85 years (mean 56) with 
fatal coronary heart disease and the mean of 8% was 
nearly 3 times that observed in the younger patients 
without fatal coronary heart disease.!®-?! 

These detailed morphologic studies of the coronary 
arteries in these very elderly persons suggest that the. = 
degree of severe coronary narrowing necessary tohave. —_ 
a fatal or near-fatal coronary event is considerably less 
than that necessary to have a coronary event in younger 
patients. Moreover, these studies indicate that these ee 
very elderly patients without symptoms of coronary —__ 
heart disease have distinctly more coronary luminal 
narrowing by atherosclerotic plaques that do control 
subjects who are younger, (mean age 52 years).!62! The _ 
latter observation suggests that coronary heart disease. 
may be underdiagnosed clinically in the very elderly. 

Clinical diagnosis of cardiac and other conditionsin > 
patients aged 90 years and over appears more difficult. ~ 
than in younger persons. Historic information may be 
difficult to obtain because of impaired intellect on the: 
part of the patient.and an impaired diagnostic pursuit _ 
on the part of the physician. Physicians caring for thes 
very elderly persons may focus primarily on the pre 
vention of suffering and only secondarily on accurate — 
diagnosis or longer-term therapy. Patients aged 90 years | 
and over generally have outlived their spouses and 5 
private physicians; and often are “inherited” by r 
ing-home physicians who may have limited access tt 
earlier medical records. 

Angina, pectoris appears. particularly dif i 
diagnose in the very elderly because they may 
able to describe this symptom. Acute myocardie 
farction also is difficult to diagnose clinically bu’ 
often fatal in the very elderly. Of 11 clinical ac 
farcts at or after age 90 years in our patients, 1 
fatal. Only 4 of the 11 acute infarcts were clearl 
nosed amen most others were manifest as 


















































very volute AOR left inde branch block i is freq 
ce of t 


changes. Serial recordings of electrocardiogr. ms. 


our 10 patie nts with fatal acute ayocardial infarc- 
n had as many as 2 electrocardiograms recorded 
iring the final illness. — 
Physical examination in the very elderly may be both 
ifficult and misleading. The lack of mobility may 
revent proper positioning of the elderly patient for 
roper examining. Precordial murmurs, although very 
n (25 of our 40 patients), infrequently indicate 
ant functional abnormality. Although 22 of our 
d calcific deposits in the aortic valve, only 
eared to have actual aortic valve stenosis. Likewise, 
though 19 of the 40 patients had mitral anular calcific 
posits, in only 1 patient did the calcific deposits ap- 
ear to actually narrow the mitral orifice. 
Electrocardiographic abnormalities are common in 
derly persons. Of our 30 patients with electrocardio- 
rams available, all had =1 abnormalities recorded, the 
most frequent ones being abnormal axis, atrial fibril- 
_lation, and complete bundle branch block. Although 15 
f the 30 patients had cardiomegaly (>350 g in women, 
100 g in men) at necropsy, only 1 had voltage criteria 
ft ventricular hypertrophy shown by electrocar- 
graphy. Likewise, only 1 had low voltage. Measure- 
nt of the QRS amplitude in each of the 12 leads was 
rmed in 24 patients; these measurements have 
rer been recorded previously in elderly individuals. 
e total QRS voltage was similar in the 8 patients with 
| the 16 patients without clinical evidence of car- 
liac disease (mean 147. mm versus mean 152 mm [10 
m = 1 mV]). Although normal amplitudes of the QRS 
mplexes in all 12 leads in elderly patients are lacking, 
imonson”? provided data on the upper and lower limits 
plitude of the QRS complexes in each of the 12 
ds in normal men and women aged 20 to 59 years 
eans not available). The upper and lower limits of 
al for men aged 50 to 59 years was 277 and 36 mm, 
id for the women 248 and 27 mm, respectively. 
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he henedynamic effects of flecainide acetate, a 
w Class | antiarrhythmic agent, were studied in 10 
tients with coronary heart disease. The drug was 
cted intravenously at a dose of 2 mg/kg over 30 
ites. The mean drug plasma level achieved was 
ng/ml (range 329 to 470). The heart rate did not 
nge, but a significant increase (p <0.001) in P-R 
+ 17%), QRS (+15 %), and Q-T (+7 %) duration 
ccurred after drug administration. Negative ino- 
opic effects also were observed and consisted of 
increase (p <0.01) in pulmonary wedge pressure 
+27%) and a decrease (p <0.01) in stroke index 
(-10%), left ventricular stroke work index 
—12%), and left ventricular ejection rate (— 11%). 
o significant change in mean aortic pressure or 





cainide acetate is a novel antiarrhythmic drug that 
as many properties of class I antiarrhythmic agents. 
It possesses local anesthetic properties and in prelimi- 
ary clinical trials has markedly or completely sup- 
ressed ventricular arrhythmias.'!-§ Despite very 
mising results, better knowledge of the hemody- 
amic effects of flecainide is needed before its wide 
eceptance for clinical use. Previous studies inani- 
als?!0 showed a slight negative inotropic: effect, 
ereas noninvasive studies in man yielded contro- 
ae results.411 

t is particularly important to know whether fle- 
de has deleterious negative inotropic effects in 
with serious cardiac disorders, especially cor- 
art, disease. This study was undertaken to ex- 
ine the hemodynamic effects of flecainide in patients 
chemic heart disease who are theoretically at 
‘ris 
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- a pigtail catheter were introduced using the. Seldinge 


k when this agent is administered intrave 


“with thermodilution techniques using an Edwards model 9620. 


7 sistance and | total 











systemic and pulmonary vascular resistance oc- 
curred. Left ventriculography performed after drug 
infusion revealed a significant increase (p <0.01) 
in systolic volume (+9%) and a decrease in ejec- = 
tion fraction (—9% ) and mean velocity of circum- of 
ferential fiber shortening (Vef) (—13%). A pro- >> > 
gressive and significant decrease of dP/dt was ob- a 
served during drug infusion, but 15 minutes after the > 
injection, dP/dt had returned to near basal values. = = 
Thus, flecainide acetate has slight, but significant: 
negative inotropic effects, particularly conspicuous _ 
during drug infusion. The drug should be adminis- 
tered with caution in patients with poorly compen- 
sated heart. 











Methods 










Patients: Ten patients with recent. acute myocardial in- 
farction submitted to angiographic and hemodynamic éval- | 
uation, constituted the study group (Table 1). All required 
antiarrhythmic therapy because of ventricular premature : 
beats or tachycardia. The nature of the procedure was e 
plained tothe patient and informed consent was obtained. 


Procedures: The studies were performed in the afternoon, Le 
Four patients (Patients 2, 3, 6;and 10) were currently treated 
by beta blocking drugs; none received calcium antagonis 

All previous therapy was withdrawn for at least 12 hour 

With the patient in the supine position, a Swan-G 













nique and a femoral approach. Pressure was recor 
the left ventricle, aorta, right ventricle, right atrium 
nary artery, and pulmonary wedge by means of a Sta 
„db strain gauge on a Philips photographic recorde 
common zero reference level for all pressures was set 
mid-chest. The mean pressure values. and determination. 
dP/dt maximum were determined electronically by an auto- 
matic catheterization system (Philips Physio Cardiop: 
System PC 5000), Cardiac output was determined in tripli 

























thermodilution cardiacoutput computer: ~ 
‘The systemic Saa and pulmonary (PVR) vascular i a 


nts’ Cha acteristics 


Electro- 
cardiographic 
Age (yr). Site of 
Infarction 


Inferior 
Inferior 
Inferoposterior 
Inferior 
Inferior 
Inferolateral 
Inferior 
Inferoposterior 
Inferior 
“Inferior 


= creatine kinase; MI = myocardial infarction. 


(MBP ~ MRA)-1.332/CO, PVR = (MPAP — PCWP) 
382/CO; TPR = MPAP-1.322/CO, where MBP = mean 
aortic. blood pressure (mm Hg), MRA = mean right atrial 
pressure (mm Hg), MPAP = mean pulmonary artery pressure 
Hg), PCWP. = pulmonary capillary wedge pressure (mm 
nd CO = cardiac output (ml/min). 
L t ventricular stroke work index (LVSWI) in g-m/m? and 
Sstolic ejection rate (MSER) in ml/s-m? were calculated 
e following formulas: LVSWI = SVI [MBP ~— 
‘*13.6/100.and:MSER =-SVI/SEP, where SVI = 
stroke. volume index (ml/m2), MBP = mean aortic blood 
pressure (mm Hg), LVEDP = left ventricular end-diastolic 
onl (mm Hg), and SEP = systolic ejection period (s/ 
eat). 
L t ventricular volumes were determined using the 
’s rule by an automated program. End-diastolic vol- 
me (EDV), end-systolic volume (ESV), stroke volume (SV 
DV = ESV), and ejection fraction (SV/EDV) were calcu- 
for each patient. The mean velocity of circumferential 
shortening {Vcf) was obtained as follows: Vef = (dED — 
(d! D-ejection time). In this equation, dED and dES are 
nor axes in énd-diastole and end-systole obtained 
nination of end-diastolic:and end-systolic areas 
he right anterior oblique view (D area and 
ind the corresponding left major axes (IED and IES): 
D area/x lED, and dES = 4.8 area/alES. A quanti- 
analysis of segmental wall motion was applied for each 
culogram according to the technique described by Ingels 
located at 69% of the distance from the ante- 
f the aortic valve to the ventricular apex at 
ed as a fixed reference. Using polar coordi- 
al shortening for all points along the ventricular 
as calculated and displayed by an automated system, 
es an Abjective and quantitative evaluation of re- 


ook The hemodynamic variables were first 
n basal conditions. Thereafter, a left ventriculo- 


anal arteriography. Ten: minutes were allowed 
fore the infusion of flecainide was started. Fle- 
i g/kg, was then injected intravenously at a constant 
30. minutes. Fifteen minutes after the end of the 


m was performed. ‘In the last 6 patients, 
rded using a Millar micromanometer 
ion of the drug and 15 minutes later, At 
rated the first and second angiogram: the 





Peak CK 
(U/liter) 


Diseased 
Vessels 
(n) 


Delay From MI 
to Investigation 


ZNO INNON 


REAT RE 151 minutes after the end of thei i 
plasma concentration of flecainide was measured 
chromatography.’ Averaged data are presented 
standard deviation. Student’s t test for paired observ: 
was used. Statistics are based on the raw data. 


Results 


Heart rate and el ctrocardiogram (Fig. 1): 
significant change in heart rate was observed after. 
ministration of the drug. Significant incre. 
(+16.6%), QRS Cy Heed @ T (+6, ey p< 
were e npted. 
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“Sp <.0.008 











_Angographic Variables 











Change in oe 

















“Change Change’ Change — Changein 





"Plasma Change in . Change i; fe 
Level. P-R Duration QRS Duration in PCWP in Si in LVSWI in LVER in: “Mean Vef ooo 
(ng/ml). (%) (%) (%) (%) (%) (%) EF (%) (hy oe, y 

470 +9 +14 +25 ~10 -7 -7 -44 —10 i 
388 +22 +10 +7 —13 —9 -t4 -3 -5 
425 +27 +16 +50 —15 -12 20 —10 —27 
390 +16 +12 +37 12 —18 ~12 —16 —17 
361 +20 +18 0 -42 ° —19 —H ~g -9 i 
413 +21 +25 +57 —14 —1 —9 —5 22. 
329 +22 +26 +50 +4 —14 +1 +4 “9 
397 +41 +18 +56 ~—6 —16 -7 —7 O° 
394 +8 +10 —7 —13 —24 —12 -23 —16 
373 +17 +11 +25 ~2 0 —8 —8 — 18 

-394 + 38 +17 ua) +27 ~ 10 ~12 ~~ —9 —13 











“All ‘changes express the variation in petberitage after flecainide infusion compared with the basal value. EF = ejection fraction; LVER = 


entricular ejection rate; LVSWI = left ventricular stroke work index; mean Vef = 
Fapitiary wedge pressure; SI = systolic index. 


an aortic pressure was noted. A significant increase 
mean pumonay pressure (p <0. a) ‘was also ob- 





. Vascular resistance and cardiac performance 
index (Fig. 3): Slight but insignificant increases in 
ystemic and pulmonary vascular resistance were noted. 
‘he left ventricular stroke work index was reduced in 
patients (p <0.01). The left ventricular ejection rate 
also decreased in all but 1 patient (p <0.001). The dP/dt 
vas measured during flecainide infusion in 6 patients. 
though significant changes were not demonstrated 
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oo Before Atter Betore 


OOo MPAP (mmHg) Stroke index | mifsyst fm?) 


p < 0,001 peng 


_ decrease in wall movement with no new areas of asyn- i 


-tween drug concentration and changes in ind 
electrocardiographic, hemodynamic, and angiograp nic 
variables (Table ID). 


plaints during « or after the study. 


‘without overt left heart failure, stroke index and index- 


left 
mean velocity of circumferential fiber shortening; PCWP = pulmonary To 


by an analysis of variance, individual variations in dP/dt: 
showed a progressive decrease which became significant: 
15 minutes after the beginning of infusion as compared = 77 
with basal value (paired ¢ test). Fifteen minutes after 
the end of the injection, dP/dt had returned to near 
basal values (Fig. 4). poe 
Ventricular volumes (Fig. 5): No significant 
changes were noted to diastolic volume after flecainide 
injection. However, systolic. volume increased in all 
patients (p <0.01), causing a significant decrease in 
stroke volume (p <0.01) and ejection fraction. Mean 
velocity of circumferential shortening also decreased ke 
significantly (p <0.001). ge 
Regional wall motion: All patients had regional - : 
disorders of left ventricular contractility. Ineach; the 
area of asynergy was supplied by a critically narrowed mo 
coronary artery and corresponded to the electrocar- | 
diographic site of infarction. After flecainide injection, — 
segmental wall motion analysis indicated a slight diffuse _ 











ergy. ; 
-Plasma drug concentrations: Plasma dige levels 


obtained 15 minutes after the infusion of 2 mg/kg of me : 
flecainide over 30 minutes varied from 329 to 470 ng/ml. = 
Within this drug level range, there was no relatio 














Side effects: Apart from the cardiac effects j 
scribed, there were no. eotiplicdtions or patient 








"Discussion 


Intrinsic myocardial depressant effect: Intr 
nous flecainide in doses recommended for the treatment > 
of arrhythmia (2 mg/kg) exerts mild but significant- 
adverse hemodynamic effects in man. In our patients; ge 
of cardiac contractility (LVSWI and LVER) decreased * 
10% (p <0.01). The ejection fraction, which is considered 
one of the 1 most sensitive indexes of global ventricular 

rmance, <0. on), No significant $ 
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Be fore 


IGURE 3. Dlagtams showing the. individual variations of systemic 
lar resistance (SVR), pulmonary vascular resistance (PVR), left 
icular stroke work index (LVSW)), and left ventricular (LV) ejection 
uced by: flecainide infusion (before = before infusion; after = 
fter infusion). The p value indicated is the:level of significance of 
ent’s f test for paired data. NS = not significant. 







_ changes in systemic and pulmonary vascular resistance 
-were noted, which suggests the absence of vascular ef- 
_ fects. Pulmonary wedge pressure, mean pulmonary 
__ arterial pressure, and total pulmonary resistance sig- 
nificantly. increased as a consequence of depressed left 
ventricular function. Thus, flecainide, exerted a direct 
__ negative inotropic effect on myocardial fiber but failed 
to exhibit any significant peripheral vasoconstrictive 








) parative. studies are n to evaluate the importance 
: of iyoeardiat depresion induced by. flecainide as 





Papeinide | is n to het observed inour N 


< with flecainide.!7!8 . 
í Dose-related myocardial depression: The plasma 









ntration of flecainide in our patients ranged from 
(0 ng/ml, a value similar to that achieved by 
: oth after 1 to 2 mg/kg administered intravenously or 
k ad recognized to: have antiarrhythmic ef- 





ent comparison did not reveal any salalah 
between plasma level and cardiac effects of the drug; 
` however, the range of drug concentration was rather 
_ small. This observation suggests that within the ther- 
_apeutic range achieved, the cardiac response to fle- 
- eainide is individual and cannot be predicted from the 
plasma drug level: ` 
perimental studies in pigs have shown a dose-re- 
negative inotro ic effect during | infusion of the 
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and 15 ‘minutes atter the end öt injection. Thep value i 
level of significance of Student's t test for paired data; 
made with the basal values before flecainide infusion. 










drug." Jo The individual response eof dP/dt durin d 
infusion in 6 of our patients confirmed those ob 
tions. As the drug was infused, the contractility inc 
dP/dt exhibited a progressive decrease; however 
provement in myocardial contractility app 
the end of infusion and dt returned to 
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FIGURE 5. Diagrams: showing the individual variation in diastolic volume 
x, systolic volume index, stroke volume index, and mean veloci 
of circumferential fiber shortening (VCF) induced by flecainide infusio 
(betore = before infusion; after = after infusion), The p value indicat 
is the level of signi i cance of Student's S ttest for paired data, n 
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Life is not easy for any of us. But what of that? We 
must have perseverance and above all confidence in 
ourselves. We must believe that we are gifted for 
something, and that this thing, at whatever cost, must 
be attained. 


Marie Curie 











Pick the only beta blocker 
that reduces total 
peripheral resistance: 

1 = Inderal ipropranoioi 

2. LopreSSoOF (netoproic) 

3. TENOFMIN atenn 


4. None of the above 


(If you picked #4, you’re right.) 





Introducing: 


Vi sken: (pindolol) 


t the only beta blocker 
that reduces blood pressure 
and 
total peripheral resistance* 


Here’s the difference: 


Blood pressure 


Blood pressure equals cardiac output times 
t total peripheral resistance. 


bp=coxtpr 
Visken (pindolol) 


Visken (pindolol) is the only beta blocker 
that reduces blood pressure while maintaining 
resting cardiac output and reducing total 


peripheral resistance* during long-term therapy. 


bp=coxtpr 
poo p 


All other beta blockers 


All other beta blockers reduce blood pressure, 
and reduce cardiac output with an initial 

reflex rise in total peripheral resistance and a 
subsequent return to baseline in many cases. 


+ 
bp=coxtpr 
z ee ee 


“The clini ca significance has not been evaluated 
See clinical signiticance statement on fourth page of this advertisement, 


Please see last page:ol this advertisement for brief summary of prescribing information. 


New 


Viskeny Cindoion 
bp=coxtpr 
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Here’s the result: 


Reduced blood pressure Reduction of 

U.S. studies at 29 major medical centers’ have exercise-induced tachycardia 
shown that Visken (pindolol) is an effective 
antihypertensive. It is as effective as 
propranolol in normalizing blood pressure 
(dbp<90 mmHg) when used alone. It is also 
effective when used in combination with a 
diuretic. 


Like other beta blockers, Visken (pindolol) 
blocks stimulation by catecholamines to 
reduce exercise-induced increases in systolic 
blood pressure and heart rate. 


nests : The clinical significance 
is antihypertensive effectiveness is 

supported by 13 years of clinical use has not been evaluated 
throughout the world. In fact, Visken (pindolol) 


t | Jini ianifi ee cal 
is He #2 beta blocker in the test of ihe word. The clinical significance of maintaining resting 


cardiac output, resting heart rate and reduced 
total peripheral resistance has not been evalu- 
Reduced peripheral resistance* ated and there is no evidence or reason to 
believe that exercise cardiac output is less 
Studies of 178 patients treated with Visken affected by Visken (pindolol) than other 
(pindolol) for at least two weeks have shown beta blockers. J 
that Visken therapy reduces total peripheral 
resistance!* 


ee clinical significance statement 


Here’s the importance: 


Visken® (pindolol) reduces Visken (pindolol) reduces 


blood pressure blood pressure 

with little effect on with little effect on 

resting cardiac output resting heart rate 

Unlike other beta blockers, Visken (pindolol) Visken (pindolol) produces minimal changes 
has little effect on resting cardiac output in resting heart rate. Average reduction: 4-8 
during long-term therapy. beats/minute. Minimal effect on resting heart 


rate results in low potential for bradycardia. 


Visken (pindolol) makes 


hemodynamic sense Visken (pindolol) 
in the treatment of maintains 
hypertension renal blood flow 


Visken (pindolol) reduces supine and standing 
blood pressure while maintaining effective 
renal plasma flow and glomerular filtration 
rates? 


Visken (pindolol) reduces one of the recognized 
components of hypertension: increased periph- 
‘eral resistance.” 


“See clinical significance statement 
on facing page of this advertisement. 


See last page of this advertisement for brief summary of prescribing information, 


Visken: (pindolol) 
bp=coxtpr 
Foo p 





Here’s what you can expect: 


Reduced total peripheral 
resistance* 


Minimal effect on 
resting cardiac output 


Minimal effect on 
resting heart rate 


Minimal effect on 
renal blood flow 


Favorable 
side effect profilet 


Low incidence of 
bradycardia 


Low incidence 
of cold extremities 


tVisken (pindolol) is contraindicated in: 


1) bronchial asthma 

2) overt cardiac failure 

3) cardiogenic shock 

4) second- and third-degree heart block 
5) severe bradycardia 


“= 


Prescribing information: 


Available in 
5 mg and 10 mg tablets 


Convenient bid dosage 


Dosage should be titrated on an individual 
basis. Many patients respond to 10-30 mg a 
day in divided doses. 


E 


f r “The clinical significance has not been evaluated. See clinical 

References: significance statement on fourth page of this advertisement 

. Data on file, Sandoz Pharmaceuticals. 

t Wilcox CS, Lewis PS, Peart WS, et al: Renal function, body fluid volumes, renin, 
aldosterone, and noradrenaline during treatment of hypertension with pindolol. 
J Cardiovasc Pharmacol 3:598-611, 1981, 


Please see last page of this advertisement tor brief summary of prescribing information. 
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NewVisken’ 


(pindolol) 


Before prescribing or administering, see package circu- 
far for full product information. The following is a brief 
summary. 


INDICATIONS AND USAGE 

Visken (pindolol) is indicated in the management of 
hypertension. It may be used alone or concomitantly with 
other antihypertensive agents, particularly with a thiazide 
type diuretic. 


CONTRAINDICATIONS 

Visken (pindolol) is contraindicated in; 1) bronchial 
asthma; 2) overt cardiac failure; 3) cardiogenic shock; 
4) second and third degree heart block; 5) severe brady- 
cardia; (see Warnings), 


WARNINGS 

Cardiac Failure: Sympathetic stimulation may be a vital 
component supporting circulatory function in patients 
with congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although 
beta-blockers should be avoided in overt congestive 
heart failure, if necessary, Visken (pindolol) can be used 
with caution in patients with a history of failure who are 
weil-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the ino- 
tropic action of digitalis on heart muscle. 


in Patients Without A History of Cardiac Failure: in 
patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-blocking agents 
over a period of time can in some cases lead to cardiac 
failure. At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized and/or be given 
a diuretic, and the response observed closely. If cardiac 
failure continues, despite adequate digitalization and 
diuretic, Visken (pindolol) therapy should be withdrawn 
(gradually if possible). 


Exacerbation of Ischemic Heart Disease Following 
Abrupt Withdrawal: Hypersensitivity to catecholamines 
has been observed in patients withdrawn from beta- 
blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt 
discontinuation of such therapy. When discontinuing 
chronically administered Visken (pindolol), particularly in 

atients with ischemic heart disease, the dosage should 

e gradually reduced over a period of one to two weeks 
and the patient should be carefully monitored. If angina 
markedly worsens or acute coronary insufficiency devel- 
ops, Visken (pindolol) administration should be reinsti- 
tuted promptly, at least temporarily, and other measures 
appropriate for the management of unstable angina 
should be taken. Patients should be warned against inter- 
tuption or discontinuation of therapy without the physi- 
cian’s advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent 
not to discontinue Visken (pindolol) therapy abruptly 
even in patients treated only for hypertension. 


Nonatiergic Bronchospasm (e.g., chronic bronchitis, 
emphysems)-—Patients with Bronchospastic Diseases 
Should In General Not Receive Beta-Blockers: Visken 
(pindolo!) should be administered with caution since it 
may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of betaz receptors. 


Major Surgery: Because beta blockade impairs 
the ability of the heart to respond to reflex stimuli and may 
increase the risks of general anesthesia and surgical 
procedures, resulting in protracted hypotension or low 
cardiac output, it has generally been suggested that such 
therapy should be withdrawn several days prior to sur- 
gery. Recognition of the increased sensitivity to catechol- 
amines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation contro- 
versial. If possible, beta-blockers should be withdrawn 
well before surgery takes place. In the event of emer- 
ency surgery, the anesthesiologist should be informed 
that the patient is on beta-blocker therapy. The effects of 
Visken® (pindolol) can be reversed by administration of 
beta-receptor agonists such as isoproterenol, dopamine, 
dobutamine, or levarterenol. Difficulty in restarting and 
maintaining the heart beat has also been reported with 
beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia: Beta-adrenergic blockade 
may prevent the appearance of premonitory signs and 
symptoms (e.g., tachycardia and blood pressure 
changes) of acute hypoglycemia. This is especially impor- 
tant with labile diabetics. Beta-blockade also reduces the 
release of insulin in response to hyperglycemia; there- 
fore, it may be necessary to adjust the dose of antidi- 
abetic drugs. 


Thyrotoxicosis: Beta-adrenergic blockade may mask 
certain clinical signs (e.9., tachycardia) of hyperthyroid- 
ism. Patients suspected of developing thyrotoxicosis 
should be managed carefully to avoid abrupt withdrawal 
of beta-blockade which might precipitate a thyroid crisis. 


PRECAUTIONS 

impaired Renal or Hepatic Function: Beta-biocking 
agents should be used with caution in patients with 
impaired hepatic or renal function. Poor renal function 
has only minor effects on Visken (pindolol) clearance, but 
poor hepatic function may cause blood levels of Visken 
{pindolol} to increase substantially. 


Information for Patients: Patients, especially those with 
evidence of coronary artery insufficiency, should be 
warned against interruption or discontinuation of Visken 
(pindotol) therapy without the physician's advice. 
Although cardiac failure rarely occurs in properly select- 
ed patients, patients being treated with beta-adrenergic 
blocking agents should be advised to consult the phy- 
sician at the first sign or symptom of impending failure. 


Drug Interactions: Catecholamine-depieting drugs (e.g., 
reserpine) may have an additive effect when given with 
beta-biocking agents. Patients receiving Visken (pindolol) 
plus a catecholamine depleting agent should, therefore, 
be closely observed for evidence of hypotension and/or 
marked bradycardia which may produce vertigo, syn- 
cope, or postural hypotension. 


Visken (pindolol) has been used with a variety of antihy- 
pertensive agents, including hydrochlorothiazida, hydral- 
azine, and guanethidine without unexpected adverse 
interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertil- 
ity: In chronic oral toxicologie studies (one to two years) 
in mice, rats, and dogs, Visken (pindolal) did not produce 
any significant toxic effects. in two-year oral carcinogen- 
icity studies in rats and mice in doses as high as 59 mg/ 
kg/day and 124 mg/kg/day (50 and 100 times the maxi- 
mum recommended human dose), respectively, Visken 
(pindolol) did not produce any neoplastic, preneoplastic, 
or nonneoplastic pathologic lesions. In fertility and gen- 
eral reproductive performance studies in rats, Visken 
(pindolol) caused no adverse effects at a dose of 

10 mg/kg. 


In the male fertility and general reproductive performance 
test in rats, definite toxicity characterized by mortality 
and decreased weight gain was observed in the group 
given 100 mg/kg/day. At 30 mg/kg/day, decreased matin 
was associated with testicular atrophy and/or decrease 
spermatogenesis. This response is not clearly drug 
related, however, as there was no dose response rela- 
tionship within this experiment and no similar effect on 
tastes of rats administered Visken (pindolo!) as a dietary 
admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg 
but development of offspring was not impaired. 


in females administered Visken (pindolol} prior fo mating 
through day 21 of lactation, mating behavior was 
decreased at 100 mg/kg and 30 mg/kg. At these dosages 
there also was increased mortality of offspring. Prenatal 
mortality was increased at 10 mg/kg but there was nota 
ciear dose response relationship in this experiment. 
There was an increased resorption rate at 100 mg/kg 
observed in females necropsied on the 15th day of 
gestation. 


Pregnancy—Category B: Studies in rats and rabbits 
exceeding 100 times the maximum recommended human 
doses, revealed no embryotoxicity or teratogenicity. 
Since there are no adequate and weill-controlied studies 
in pregnant women, and since animal reproduction stud- 
ies are not always predictive of human response, Visken 
(pindolol), as with any drug, should be employed during 
pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. 


Nursing Mothers: Since Visken (pindolol} is secreted in 
human milk, nursing should not be undertaken by moth- 
ers receiving the drug. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases 
(SGOT, SGPT) have been noted in 7% of patients during 
Visken (pindolol) administration, but progressive eleva- 
tions were not observed and liver injury has not been 
reported in the medical literature over a ten (10) year 
period of marketing: Alkaline phosphatase, lactic acid 
dehydrogenase (LDH) and uric acid are also elevated on 
rare occasions. The significance of these findings is 
unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences 
listed in the following table are derived from 12 week 
comparative double-blind, parallel design trials in hyper- 
tensive patients given Visken (pindolol) as monotherapy, 
given various active control drugs as monotherapy, or 
given placebo. Data for Visken (pindolol) and the positive 
controls were pooled from several trials because no strik- 
ing differences were seen in the individual studies, with 
one exception. The frequency of edema was noticeably 
higher in positive contro! trials (16% Visken (pindolol) vs 
9% positive control) than in placebo controlied trials (6% 
Visken (pindolol) vs 3% placebo), The table includes ad- 
verse reactions reported in greater than 2% of Visken (pin- 
dolol) patients and other selected important reactions. 


Total (Volunteered and Eticited) 
Visken Active 
Rinse Controis” Placebo 
Body System N = 322) (N= 988) (N= 78) 
Adverse Reaction % % % 


Central Nervous System 
Anxiety 4 
Bizarre or Many Dreams 8 
Dizziness 17 
Fatigue 15 
Hallucinations 1 
9 
3 
1 
7 
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Insomnia ? 
Lethargy 

Nervousness 1 
Weakness 


Autonomic Nervous System 
Paresthesia $ 
Visual Disturbances 4 


en 
BO 


Total (Volunteered and Elicited) 
Visken Active 
Controis* Placebo 
Body System’ (N= 188) (N= 78) 
Adverse Reaction % % 


Cardiovascular 
Dyspnea 9 8 
Edema u 9 
Heart Failure 2 <1 
2 2 
3 5 





Palpitations 
Weight Gain 


Muscuto-Skeletal 
Chest Pain 5 
Joint Pain n 
Muscle Cramps 8 
Muscle Pain 12 


Gastrointestinal 
Abdominal Discomfort 7 7 
Nausea 7 4 
Skin 
Pruritus 2 xt 
Rash 2 3 
“Active Controls: Patients received either propranolol, z memyidona 
or a diuretic (hydrochiorothiazide or chlorthalidone). 
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The following selected (potentially important) adverse 
reactions were seen in 2% or fewer patients and their 
relationship to Visken ipingetol) is uncertain. AUTO- 
NOMIC NERVOUS SYSTEM: hyperhidrosis; CARDIO- 
VASCULAR: bradycardia, claudication, cold extremities, 
heart block, hypotension, syncope, tachycardia; GAS- 
TROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, pollakiuria, MIS- 
CELLANEOUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have 
been reported with other beta-adrenergic blocking agents 
and should be considered potential adverse effects of 
Visken (pindolol). 


Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short- 
term memory loss, emotional! lability, slightly clouded 
sensorium, and decreased performance on 
neuropsychometrics. 


Cardiovascular: intensification of AV biock. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching 
and sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and 
nonthrombocytopenic purpura. 


Gastrointestinal: Mesenteric arterial thrombosis, 
ischemic colitis. 


Miscellaneous: Reversible alopecia; Peyronie's disease. 


The oculomucocutaneous syndrome associated with the 
beta-blocker practolol has not been reported with Visken 
({pindolol) during investigational use and extensive 
foreign experience amounting to over 4 million patient- 
years, 


OVERDOSAGE 

No specific information on emergency treatment of 
overdosage is available. Therefore, on the basis of the 
pharmacologic actions of Visken (pindolol), the following 
general measures should be employed as appropriate in 
addition to gastric lavage: 


Excessive Bradycardia: administer atropine, if there is , 
no response to vagal blockade, administer isoproterenc! À. 
cautiously, 


Cardiac Failure: digitalize the patient and/or administer 
diuretic. It has been reported that glucagon may be use- 
ful in this situation. 


Hypotension: administer vasopressors, e.g., epineph- 
rine or levarterenai, with serial monitoring of blood pres- 
sure. (There is evidence that epinephrine may be the 
drug of choice.) 


Bronchospasm: administer a betaz stimulating agent 
such as isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with 
an intake of 500 mg of Visken (pindolol) by a hyperten- 
sive patient. Blood pressure increased and heart rate 
was >80 beat/min. Recovery was uneventful. In another 
case 250 mg of Visken (pindolol) was taken with 150 mg 
diazepam and 50 mg nitrazepam, producing coma and 
hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. 
The recommended initial dose of Visken (pindolol) is 10 
mg b.i.d. alone or in combination with other antihyperten- 
sive agents. Many patients will respond to 15 mg per day 
(5 mg t.i.d.). The antihypertensive response usually 
occurs within the first week of treatment. If a satisfactory 
reduction in blood pressure does not occur within 2-3 
weeks, the dose may be adjusted in increments of 10 mg 
per cay at 2-3 week intervals up to a maximum of 60 mg 
per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 mg and 10 mg, packages,» 
of 100. 5 mg tablets embossed “VISKEN 5” on one ý 
side, and “78-111” and scored on other side (NDC 
0078-0111-05). 10 mg tablets embossed “VISKEN 10” on 
one side, and "78-73" and scored on other side 


(NDC 0078-0073-05). {VIS-22 9/182] 
Pharmaceutical Division 
SANDOZ, INC. 
East Hanover, NJ 07936 VIS-1182+1 











o Pindolol and Propranolol in Patients With Angina Pectoris | 
d Normal or Near-Normal Ventricular Function 









Influence of Intrinsic Sympathomimetic Activity on | 
Global and Segmental Left Ventricular Function Assessed by 
: Radionuclide Ventriculography 






_ DANTE E. MANYARI, MD, WILLIAM J. KOSTUK, MD, S. GEORGE CARRUTHERS, MD, 
DONALD J. JOHNSTON, MD, and PAUL PURVES, RT 












i estigate th the role of intrinsic sympathomimetic pindolol, the ejection fraction did not change at re 
tivity on left ventricular (LV) function during (57.9 + 8.6 % ) but improved during exercise (56. 9 

antianginal therapy with beta-adrenoreceptor an- + 8.1%), compared with control values. Similarly, 

agonists, 23 patients with chronic, exercise-induced the wall motion score after administration of both 























angina pectoris and normal or near normal LV agents did not change significantly at rest, but im- 
_ function underwent radionuclide ventriculography proved during exercise (p <0.001). The number of 
at rest and during exercise, during 3 randomly al- anginal episodes, nitroglycerin tablets consumed 
located periods: (1) treatment with oral propranolol, and magnitude of S-T segment depression de- 
a drug without intrinsic sympathomimetic activity, creased significantly with both pindolol and pro- 
40 to 80 mg 4 times a day; (2) treatment with pin- pranolol. With both drugs, a similar improvement 


dolol, a drug with marked intrinsic sympathomimetic exercise tolerance and a similar decrease in exer- 
_ activity, 5 to 10 mg 2 times. a day; and (3).a control cise heart rate and blood pressure were obtained. 
_ period. During the control period, the LV ejection It is concluded that pindolol and propranolol, beta- 
ction decreased from rest (58.9 + 8.2% ) to ex- adrenoreceptor antagonists with and without i 
e (54.3 + 10.7%), and the wall motion score trinsic sympathomimetic activity, respectively, have 
eased from 0.57 + 1.08 at rest to 2.39 + 2.10 similar effects on global and regional LV function ir 
luring exercise, p <0.001, After propranolol, the patients with angina pectoris, at doses produci: 
jection fraction did not change significantly at rest equal suppression of exercise heart rate and similar 
(57.2 + 8.1%) but improved during exercise (56.8 antianginal effect. 

= 11. 8% b), compared with control values. After 



























_ Comprehensive, carefully designed studies have failed function in patients with angina is not ihowa. Thisi in- 
o show any significant antianginal differences between vestigation compared the effects of pindolol and pro- 
various beta-adrenoreceptor antagonists with different pranolol, drugs with and without intrinsic sympatho 
‘ary pharmacologic properties, when administered mimetic activity, respectively, on LV performance a 
rt- or long-term basis to patients with stable, rest and during exercise in patients with exercise- 
nal angina pectoris. >? The influence of intrinsic duced angina. LV function was assessed using elect: 
ympathomimetic activity on global or regional LV cardiogram-multigated blood pool cardiac scintigraphy. 
a noninvasive technique which has been shown to reli- 
ably assess global and segmental LV function.’ ee 


















‘rom the Cardiac Investigation Unit, University Hospital, and the De- 
partment of Medicine, University of Western Ontario, London, Ontario, : 
Canada. This study was supported by the Ontario Heart Foundation and 
Sandoz (Canada) Limited, Dorval, Quebec, Canada. Manuscript received ii Methods : 
it a Sonera ok mansorgt: received September 15, 1982, Patient group: Twenty-six men, aged 39 to 68 an 
for reprints: William J. Kostuk, MD, Cardiac Investigation 52), with exercise-induced angina pectoris were studied. The 
sity Hospital, Box 5339; Terminal A, London, Ontario, NSA duration of angina ranged from 3 months to 6 years (average 
i 17 months). No o patient had sy stemic ee 











cart disease, intermittent t claudication, o or any “condition that 
uld limit exercise performance. None had diabetes mellitus, 
ructive airway disease, or any history of previous adverse 
tion to beta-blocking agents. The cardiothoracic ratio was 
mal in each, There was no clinical or roengtenographic 
ance of heart failure. All had sinus rhythm. Ischemic 
trocardiographic changes developed. during treadmill 
in all 26, Patients seen consecutively at the outpatient 
sho met the foregoing criteria, were selected for this 
on the basis of their willingness to participate. 
cineangiography performed within 1 year of study 
e 26 patients showed evidence of 3-vessel disease in 
| disease in 4, and 1-vessel disease in 2. Two patients 
story of myocardial infarction with abnormal Q waves 
ims duration) on the electrocardiogram. Six patients were 
long-acting oral nitrates, which were kept. constant 
g the study period. | 
judy design: This investigation assessed objective mea- 
res of LV function; thus an open crossover design was used. 
ach patient underwent 3 consecutive study periods: (1) a 
ntrol period in which no beta-adrenoreceptor antagonists 
re administered: (2) treatment. with oral propranolol 4 times 
a day; and (3) treatment with oral pindolol 2 times a day. The 
order of the 3 treatment periods was allocated randomly for 
ch patient. The duration’ of the control period varied be- 
een 1 and 4 weeks; the duration of treatment periods with 
-opranolol and pindolol varied from 4 to 6 weeks. The dose 
f propranolol was 40-mg 4 times a day and the-dose of pin- 
dolol was 5 mg 2 times aday, a 16:1 ratio shown to exert:similar 
beta-adrenergic blockade.® These doses were increased to 80 
mg 4 times.a day and 10 mg 2 times a day, respectively, in 
patients in whom clinical improvement did not occur (com- 
pared with the control period) or whose exercise heart rate was 
>120 beats/min. with the initial dose, indicating that beta- 
drenoreceptor blockade. was inadequate. The initial doses 
not increased in patients in whom clinical improvement 
was achieved or in whom the heart rate at peak exercise was 
pwer than 120 beats/min. Improvement was defined by a 
reduction in the number of anginal attacks of at least 40% 
compared with that in the control stage. Patients requiring 
sage increases underwent more than 3 study periods, but 
only data.during drug treatment with the larger doses are 
ported. Patients kept a daily record of the number of anginal 
episodes and the number of therapeutic glyceryl trinitrate 
tablets consumed. 
Change in therapy when switching from one beta-adreno- 
receptor antagonist to another was made abruptly from 1 day 
to the next. When treatment with 1 of the 2 drugs was followed 
by the control period, the drug was discontinued gradually 
over 1 week, 
At the end of each of the 3 treatment periods, all patients 
underwent, successively, radionuclide ventriculography at rest 
d ‘during bicycle exercise 120 to 150 minutes after the 
ning dose of either drug or at-a similar hour of the day after 
control period, a treadmill exercise test 45 minutes after 
rmin, ation of bicyele exercise, and clinical assessment. 
6 patients taking long cting nitrates, doses were kept 
hroughout the entire investigation, but were with- 
for 24 hours before exercise studies; the same dose was 
n again after clinical assessment. 
he clinical assessment was made by 2'participating car- 
diologists. The number of anginal episodes. experienced, 
glyceryl trinitrate tablets consumed, and adverse effects were 
recorded. The number of remaining tablets were counted to 
compliance. New drugs, instructions; or both were 








































given. 


Bruce protocol, with elevation of the speeda and incline at 3- 


The treadmill exercise bast was perfornied using a modified 


minute irikorwela.” 7 All patients w were we exeicinad fo angina {during 


the control stage, and to angina or fatigue after drug treat- 
ment. An ischemic electrocardiographic response was a flat 
or downward sloping depression of the S-T segment of at least 
0.1 mV (1 mm) in any lead, persisting for 20.08 second and 
present in 3 consecutive beats with stable isoelectric baseline. 
Cuff blood pressure measured over the right brachial artery 
and a 12-lead electrocardiogram were obtained at rest, at each 
exercise stage, and immediately and at 2, 4, 6, and 8 minutes 
after exercise, The treadmill walking time was recorded to the 
nearest, 5-second period. Exercise heart rate was measured 
continuously on a cardiotachometer and the maximal heart 
rate was méasured from 10 consecutive beats on the electro- 
cardiogram recorded during the last 15 seconds of peak ex- 
ercise. S-T segment depression. was measured as the linear 
depression of the J point: from the isoelectric line j joining 2 
consecutive P-R. segments. Measurements were made in the 


lead that showed maximal S-T segment depression and were . 


averaged over 4 consecutive complexes in which the isoelectric 


line was stable. The symptoms limiting exercise tolerance were Oe : 


recorded. 

Assessment of LV function: Radionuclide ventriculog- 
raphy, to assess global and regional LV function, was. per- 
formed using the electrocardiographic-multigated method 
described previously.” * After in vivo labelling of the red blood 
cells with technetium-99m, blood pool cardiac scintigraphy 
was performed in the modified left anterior oblique projection 
that best separated both ventricles and atria, at rest and 
during graded supine bicycle ergometer exercise. Details of 
the exercise protocol and the instrumentation.used in our 
laboratory have previously been described.* Analysis of the 
radionuclide studies was carried out blindly by an experienced. 


observer. Global LV ejection fraction and semiquantitative | oe 
measurements of segmental LV function (wall motion score) 


were obtained at rest and during peak exercise. 

In our laboratory, radionuclide LV ejection fraction and 
wall motion analysis correlated closely with contrast studies, 
r = 0.87." Inter and intraobserver variability of ejection 
fraction measurements showed correlation coefficients of 0.97 
and 0.92, respectively." A radionuclide ventriculogram at rest 
was considered normal if ejection fraction was 255% and the 
wall motion score was equal to zero. Failure of ejection fraction: 
to increase by at least 7% (absolute value), or any increase in 
wall motion score from resting values, or both was considered 
an abnormal LV function response to peak exercise.4 | 

Statistical methods: Analysis of variance was used to de~: 


termine the significance of changes during treatment periods, |. 


If this analysis indicated a significant difference in the mean 
values for a variable, then Tukey's multiple comparison pro- 


cedure was performed. In addition, changes in-exercise du- 
ration, electrocardiographic S-T segment depression, and wall. 
motion score were also analyzed by a nonparametric method = 


using Wilcoxon’s rank sum test. Probability of S5% was : 
considered significant. ee 






TABLE | Order of the Therapy Periods in 23 Patients wit 
_Angina Pectoris in This Study ee 
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be = control: pi= = pindolol; Pr = = = propranolol. 























@—-@ CONTROL 
O-—O PROPRANOLOL 
A&A PINDOLOL 


ae REST-1 EX-T REST-2 EX-B 
Faune 1. Comparison of the effects of ith alate and Ton during 


ore Treadmill exercise. REST-2 = = dala supine, just before bicycle 
exercise, EX-T and EX-B= -data at Dr exercise on the treadmill and 


-Results 


8 Three of the initial 26 patients did not complete the 
entire investigation: 1 had hypothyroidism during the 
tial treatment period; 2 became asymptomatic while 
m treatment with the first beta-adrenoreceptor an- 
tagonist and insisted on receiving the same medication 
hereafter. Thus, these 3 patients were excluded, leaving 
tal of 23 patients who completed all phases of this 

y and form the basis of this report. 


andom allocation of the order of treatment periods 


lted in fairly even distribution of patients among 
he 6 possible combinations (Table I). Compliance was 
ood. because <3% (average value) of the tablets were 


drgisibioss, vivid dma, and: cid extremities wer 
reported with similar frequency during therapy w 
propranolol and -pindolol: Clinical improveme 
similar degree was observed during propranolol ther 
in 17 patients taking 40 mg 4 times a day, in 5 pat 
taking 80 mg 4 times a day, and during pindolol ther. 

in 14 patients taking 5 mg twice each day, and in 7 pa 
tients taking 10 mg twice a day. In the remaining pati 
taking propranolol 80 mg 4 times a day and 2 patie) 
taking pindolol 10 mg twice a day, the frequen 
angina also was reduced but by <40% despite as 

cant reduction in the exercise heart rate. (to 
beats/min). ; 

Effect of treatment on the frequency of. angi 
number of glyceryl trinitrate tablets consum 
and exercise duration: During the control period, l 
mean number of anginal episodes reported was hig 
(p <0.001) than those during therapy: with propranolo 
or pindolol (19.4 + 10.4, 7.0 + 5.7, and 8.6 + 6.4 angina 
episodes/month, respectively). The average number « 
glyceryl trinitrate tablets consumed was lower ( 
<0.001) during propranolol and pindolol therapy th 
during the control period (4.0 + 3.0, 5.2 + 5.4, and 
+ 8.3 tablets of glyceryl trinitrate/month, respective 
in keeping with the number ‘of anginal episodes 
ported. 

Exercise duration on:the treadmill (Table i) w 
significantly higher during therapy with both drugs th 
during the control period. Patients exercised for sh 
periods of time on the bicycle, but the mean exercis 
duration showed trends similar to those of exercise o 
the treadmill (duration of bicycle exercise: 5.61 + 2 
minutes during control, 6.52 + 1.73 minutes after 
pranolol, and 6.00: + 1.81 minutes after pindolol). 
treadmill walking time, frequency of angina, ¢ 
number of glyceryl trinitrate tablets consumed af 
propranolol were similar (p = 0.20) to those after 
dolol administration. ; 

Circulatory changes: No significant differe i 
were observed between supine and standing resti 
heart rates. The heart rate increased significantly 
<0.001) from resting values with treadmill and bicy 
exercise during the 3 study periods. Resting and exere 
heart rates (‘Table II) were lower during treatment wi 
both beta-adrenoreceptor antagonists when compare 


EI “Bttects of Propranolol and Pindolol on Exercise Tolerance, S-T Segment Depression, Heart Rate, Systolic Bioo 
oe  Brotoure, and LV Function During Sustained Therapy in Patients With Angina. Pectoris 


Heart Rate 
S-T Segment (beats/min) 
Depression 


(mm) Rest Exercise 


SBP 
“(mm Hg) 


Exercise Rest 


i EF (%) 


Exercise 





2.4 78 
ia 9 +12 


65 
rao. 8t +11* 

70 
er 8! +124 


54 
+11 

57 
+12 





Data expressed as s mean + standard deviation. 
EF = LV y Fiection fraction: 


= systolic blood pressure; TWT = treadmill walking time: WMS = 


left ventricular: wail motion acord Dat 
z heart rate, and ‘systolic blood pressure eet values aug paak treadmill exercise: * “Pp <0. 901 ‘tp <0 




































BICYCLE EX 


E 2. Comparison of the effects of propranolol and. pindolol during 
ed therapy in 23 patients with angina pectoris. Data represent 
standard deviation at peak exercise (EX) on the treadmill and 
cle. No significant difference in S-T segment depression ne 
d between the 2 modes of exercise. 1p <0.01; NS = 


TREADMILL EX 


heart rates during the control period. Both supine 
standing heart rates at rest were somewhat lower 
g propranolol than during pindolol administration 
he difference between means did not reach statis- 
al significance. Heart rates during peak exercise were 
ular with the 2 drugs. Systolic blood pressure in- 
2ased (p <0.001) from rest to exercise during control 
d during administration of propranolol and pindolol 
able II). At rest, supine and standing systolic blood 
essure after both beta-adrenoreceptor antagonists 
were similar to those during the control period. After 
dministration of both drugs, systolic blood pressures 
ak exercise, on the treadmill and the bicycle, were 
ignificantly lower (p <0.001) than those during control. 
e differences in systolic blood pressure, at rest or 
during exercise, after administration of the 2 drugs were 
t significant. 
ompared with the control period, the product of 
art rate and systolic blood pressure (Fig. 1), with the 
tients at rest in both supine and standing positions 
d during peak treadmill and bicycle exercise, were 
wer during treatment with both drugs. The products 
eart rate and systolic blood pressure were similar 
ter administration of both propranolol and pin- 
lol. 























cetrocardiographic changes: An ischemic elec- 
oc: diographic response to exercise was present in all 
tients during the control stage, in 14 patients after 
ranolol, and in 10 patients after pindolol. During 
control period, S-T segment depression at peak 
was significantly greater than after propranolol 
dolol administration (Table II). The difference 
mean S-T segment depression after both 
apr pepptor ee was not statistically 


3, whereas after adieinistration of pindol 


ejection fraction at rest was normal in 18 patients and 


<50% in the 3 (Fig. 3). There was no significant differ- 
ence between the means of resting ejection fraction 
during the 3 study periods (Table II). Je 

An abnormal response of ejection fraction to peak 
exercise, as defined in the Methods section, was ob- 
served in 22 patients during the control period, in.18 
patients after propranolol, and in 21 patients after 
pindolol. During the control period, the mean ejection 
fraction during peak exercise was significantly lower (p 
<0.05) than that at rest, whereas it was not significantly 
different from the resting ejection fraction after ad- 
ministration of both beta-adrenoreceptor antagonists 
(Fig. 3). The average ejection fraction at peak exercise 
during therapy with propranolol and pindolol was 
somewhat greater than during control (Table II), but 
the differences did not reach statistical significance. No 
significant differences wefe observed in rest or exercise 
mean ejection fraction between patients taking 5 and 
10 mg of pindolol twice a day. 

Effects of treatment on regional LV function; =* 
During the control period, 20 patients showed a normal 
or near-normal segmental LV function (wall motion 
score values of 0 to 1), the remaining 3 patients had wall 
motion score values of 2 or higher; in only 1 patient was =o 
this higher than 3. After propranolol therapy, the resting 
wall motion score was normal or near normalin 20 pa- 
tients, higher than 1 in 3 patients, and higherthan3in = 
1 patient. After pindolol, the wall motion score at rest 
was normal or near-normal in 18 patients, higher than 
1 in 5 patients, and higher than 3 in 1 patient (Fig.4). 
No significant differences during any of the 3 study. 
periods were found between the means of wall motion = 
score at rest (Table II). 

An abnormal response of regional LV function to e- 
exercise, as defined previously, was observed in 18 pa- = 
tients during the control stage, in 12 patients after A. 
propranolol therapy, and in 10 patients after pindolol > 
administration. The mean wall motion score during - 
exercise was significantly higher (p <0.001) than the — 
respective resting values during the control period, afte 
propranolol, and after pindolol (Fig. 4). However, 
mean exercise wall motion score during the control s 
was significantly higher than that during therapy wi 
both drugs (Table I). At peak exercise, the mean wa 
motion score after propranolol was similar (p = 
that after pindolol administration. No significan 
ferences were observed in rest. or exercise mean wa 
motion score among patients taking 5 and j 
pindolol twice a day. 

Effects of treatment in relation to the ba: 
tus of LV function: Resting LV function durin 
control period was considered normal (ejection fraction 
>55% and wall motion score, 0) in 13 patients and below 
in 10 patients. In the former group, the mean ejection —__ 
fraction was 64 + 6% and the mean wall motion score ` 
was zero; those in the latter group were 52 + 5% and 1.3 
+ 1.3, respectively. In the 2 subgroups, both propranolol 


















































= ‘and pindolol produced a an improvement in global and. 
regional LV funetion ce 
to that observed 


nt Similar 


LV EJECTION FRACTION (%) 


RE 3. Effects of propranolol and pindoll ‘on global 

ction. Data represent individual and group (mean 

standard érror of the mean) values, at rest and during 

peak exercise (EX). Exercise ejection fraction after both 

beta-adrenoreceptor antagonist drugs were similar. * p 
<0.05; NS = p >0.05 versus rest values. : 


à - Discussion - 
is study shows that pindolol and propranolol, ad- 
ic beta-receptor antagonist agents with and 
intrinsic sympathomimetic activity, respec- 
have similar effects on global and regional LV 
tion in patients with angina pectoris. At the doses 
ed, both drugs exerted an equal suppression of the 
ise heart tate and had significant and similar 

nginal effects. 


okinetic properties? of the many beta-adrenore- 
tor antagonists available have led investigators to 
postulate the theoretical advantages of some over others 
n treating patients with angina pectoris.™!! One 
ancillary property is the intrinsic sympathomi- 
i ivity or partial agonist activity. Drugs with this 
ristic cause a measurable agonistic response 

ey interact with beta-adrenergic receptors in the 

a primary agonist such as adrenaline or iso- 

ne; this can be demonstrated in the adrenalec- 
animal treated beforehand with reserpine.? 

| drugs with and without. partial agonist activity 


IRE 4. Effects of propranolol and pindolol on regional 
function. Data represent individual and group (mean 
standard error of the. mean) values, at rest and during 


V WALL MOTION SCORE 


g 


CONTROL 


have bien available for patient | treatment for’ seve: 
years, the clinical significance of this property rem 
uncertain.!012 Jt has been suggested that dru 
partial agonist activity induce less subjective an 
jective respiratory impairment in: patients with b 
chospastic disease and lessen exercise cardiac 
to a reduced degree in patients with hyperte 
than drugs without partial agonist activity: 
Thadani et al'?:!5-and others!®!° found that 
adrenoreceptor antagonist drugs with an: 
partial agonist activity care equally. effective i 
treatment of angina pectoris. However, no informati 
is available regarding the role of the partial agonist ac 
tivity on global and regional LV function. We therefor 
elected first to compare pindolol and propranolol be 
cause pindolol is the drug with the most pronou 
partial agonist activity.!9 Second, because myocard 
oxygen supply and demand in patients with ¢ ron 
stable angina pectoris are at equilibrium at res 
myocardial ischemia develops only during stre 
studied the effects of both drugs on ventricular func 
at rest as well as during exercise. Third, we used 
















ntigraphy, a reliable, noninvasive technique well- 
uited for repeated measurements at rest and during 
xercise,3~5 
On the basis of previous experience with the drugs 
_ tested,!9-16,20 we used 2 dose levels. With use of only 2 
_ dose levels, it is possible that the optimal dosage may 
ot have been reached in a few patients; however, a 
ignificant beta-adrenoreceptor blocking effect was 
obtained at the doses used. Our results are in agreement 
h more comprehensive dose-response studies in 
ich pindolol, 10 to 20 mg/day, and propranolol, 160 
320 mg/day, were found to be well within the thera- 
ic range. 121,22 
Several aspects of our study need further comment. 
pen. trials do not constitute worthwhile evidence of 
reatment efficacy. However, our principal aim was to 
assess the effects of pindolol and propranolol on ob- 
ective measurements of LV function. The antianginal 
fficacy of the drugs used was not in question and a 
ouble-blind study was not vital. All radionuclide 
dies were analyzed blindly at the end of the trial. 
though we did not have formal run-in and trial-proper 
eriods, and we were not concerned about possible 
carry-over effects, we believe that the random distri- 
- bution of the order of treatment and control sequences 
_ (Table I) and the existence of 2 dose levels reconciled 
_ these deficiencies in design. In those subjects who re- 
_ ceived 320 mg/day of propranolol or 20 mg of pindo- 
_ lol/day, an actual run-in period was present. Moreover, 
est-exercise studies were carried out after a minimum 
f 4 weeks of treatment and the carry-over effect by then 
hould have been nonexistent. Lastly, patients were 
carefully selected and all had uncomplicated, stable 
_ angina pectoris and an ischemic electrocardiographic 
response to exercise. This may impose limitations in 
_ applying the results to a broader clinical population, but 
- 18 necessary for meaningful comparison of the drug ef- 
ects. 
_ At the doses used, pindolol and propranolol were ef- 
cacious antianginal agents. Both drugs reduced clinical 
and electrocardiographic signs of myocardial ischemia, 
nd improved exercise tolerance to a similar degree. No 
urther comments are needed regarding these effects 
ecause many previous well-designed studies!*.25 have 
hown similar results. 
LV function changes at rest: In patients with nor- 
al or near normal LV function, previous studies have 
hown that oral administration of propranolol did not 
ficantly influence resting global or segmental sys- 
olic LV function as assessed by radionuclide meth- 
ods.28-26 In patients with moderate to marked LV dys- 
\ction,26 or when studies were performed in the up- 
ight position,” a decreased LV ejection fraction was 
bserved after propranolol administration. The results 












































-of the present study, which largely involved patients 

_ with normal or near normal LV function studied in the 

“supine position, are in keeping with these observa- 
tions. 

LV ejection fraction and wall motion patterns at rest 

_ were also minimal and were not significantly affected 

: yo oral wince at clinically sffective doses, Moreover, j 








jectrocardioztaphic. moltigated blood pool cardiac 


with a few exceptions, individual responses to pro- ; 
pranolol were closely correlated with those to pin: Fani 
dolol. 

The comparative angiographic response to pro- 
pranolol and pindolol, or between beta-adrenergic re- 
ceptor antagonists with and without partial agonist 
activity, has not previously been reported. Frishman et 

al'® found that the LV ejection fraction improved sig- 

nificantly after pindolol but was significantly reduced. 
compared with control values after propranolol. The 
differences between the results in that study!” and ours 
are unlikely to reflect differences in study design be- 
cause the clinical, electrocardiographic, and circulatory . 
changes were similar to those in the present study. Two. - 
factors may account for the divergent results: (1) The = 
ejection fraction in Frishman’s study was derived from 
the M-mode echocardiogram. This method has recog- _ 
nized limitations, especially in subjects with coronary — 
heart disease in whom localized areas of LV dysfunction | 
may go undetected. The left ventricle was assumed to | 
have the shape of a cube.!° With the radionuclide. . 
method, counts in the entire ventricle are included to. 7 
calculate ejection fraction, and no assumptions are — 
made to the LV shape. Several investigations usingra- 
dionuclide methods?5-*6 have shown that resting ejec- 
tion fraction is not significantly altered by oral admin- © 
istration propranolol at the doses used in Frishman’s” 
study. (2) We administered pindolol at approximately 
one third of the dose given by Frishman et al.!° Future 
studies should investigate whether larger doses of pin- 
dolol may increase resting ejection fraction. 

LV function changes ¢ during exercise: The lese 
ficial effects of oral propranolol on LV function during 
exercise in patients with stable angina pectoris has 
previously been documented.”*6 In our study, both: 
propranolol and pindolol prevented the ejection fraction — 
from decreasing significantly with exercise, and both ~ 
drugs improved exercise wall motion score to the same 
extent. x 

The mechanisms whereby beta-adrenoreceptor an- 
tagonists improve global and segmental systolic func- 
tion during exercise in patients with coronary artery 
disease are not known. Possible mechanisms includea _ 
decrease in myocardial oxygen requirements, an im- 
proved total myocardial blood flow, or a favorable re 
distribution of myocardial blood flow. We conclude th 
this mechanism is independent of the presence or a 
sence of intrinsic sympathomimetic activity. = 

A major shortcoming of the present study was failure 
to measure LV volumes. Possible differences in the ¢ 
fects of propranolol and pindolol on ventricular volumes. 
were not assessed.29.29 

Effects of treatment in relation to the basa 
tus of LV function: If partial agonist activity has any 
beneficial effect on LV function, this effect would b 
more important in patients with impaired or borderline 
LV performance.®.!.!2 The patient group. in this in- 
vestigation included, with 1 exception, subjects with | 
normal or near normal LV function. Thus, we cannot 

















make any valid conclusions regarding the comparative 
- effects of propranolol and pindolol on LV function i iñ 
= patienti with poor LV performance, ' 
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The appearance of coronary collateral vessels at 
coronary angiography generally is believed to pro- 
vide additional information regarding coronary flow 
ind.myocardial oxygen supply beyond that obtained 
‘om angiographic assessment of the large coronary 
eries. To evaluate the adequacy of this assump- 
ion, to determine the relation between the angio- 
graphic appearance of coronary arteries and of 
soronary collateral vessels, and to gain additional 
nsight into the mechanisms governing collateral 
low in man, the coronary arteriograms of 121 pa- 
ients in whom at least 1 coronary artery manifested 
275% stenosis (193 arteries demonstrated 290% 
stenosis, and 94 of these were totally occluded) 
re examined. Collateral vessels. were. graded 
absent, “poor,” or “good” based on the size and 
ntensity. of filling. Stenosis of the recipient artery 
ignificantly affected the angiographic appearance 
of collaterals vessels. No artery with <90% stenosis 
eceived angiographically detectable collateral 
vessels; 118 of the 193 vessels with 290% stenosis 





‘oronary collateral vessels, described anatomically in 
907,! were first observed angiographically by Molnar? 
n 1960. However, the factors which determine coronary 
ollateral flow in man, and therefore the determinants 
f the angiographic appearance of collateral vessels, are 
orly understood. In addition, the precise relation 
een the angiographic appearance of the large cor- 
y arteries. and the appearance of collateral vessels 
ot been well defined. While it is generally accepted 
lateral vessels can be visualized only when they 
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oronary Collateral Vessels: The Importance a 
Supplying and Recipient Arteries 


tance of angiographically demonstrable collateral ves: : 
sels: may i teiure t revision. l a 2o 
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received collateral vessels: 79 of 94 (84 % ) totally 
occluded arteries: versus 39 of 99 (39%) with. 
290% but <100% stenosis (p <0.001). Good 
collateral vessels went to 70 of the 79 (89%) totally 
occluded arteries, but only 17 of 39 (49%) subto- — 
tally occluded arteries (p <0.001). Of the 87 good 7 
collateral vessels, only 16 (18%) were suppliedby | 
single arteries manifesting 275% stenosis; of 31. 
poor collateral vessels, 20 (65%) were supplied by = 
arteries with =75% stenosis (p <0.001).Whenthe __ 
patency of all the arteries that could supply collat- 
eral vessels to the 94 totally occluded was semi- 
quantitated, the extent of obstruction of the potenti. 
suppliers was significantly greater in those arteries. 
with none or poor collateral vessels {p <0. 001 for - 
both groups of arteries with good collateral, ves- oe 
sels). ae 
It is concluded that the angiographic appearance ee 
of the recipient and supplying coronary arteriesis 
a major predictive factor in the angiographic ap- a 
pearance of coronary collateral vessels. 2 
















supply a stenotic artery, the degree of stenosis required 
for visualization has varied widely among reported in- 
vestigations.2-!! Moreover, the relation between the 
extent of recipient artery stenosis and the angiograpl 
ically demonstrable characteristics of the collat 
vessel is uneertain.> 0! Finally, little direct atte: 
has been focused on the effect of stenosis in the a 
supplying the collateral vessel on the angiograph 
pearance of the collateral vessel, although the pr 
derance of data suggest, surprisingly, that sten 
the supplying arteries is not an important factor in 
appearance of the collateral vessel. 1-17 
Clarification of the relation between the angiogtaphit 
appearance of large coronary arteries and of collateral 
vessels is of potential value. To the extent that the ap- 
pearance of collateral vessels can be predicted from the 
severity of stenosis of large arteries, current: concepts 
regarding the functional, clinical, and surgical i impor- 

















efore, to clarify the rela ion between the angio- 
` graphic appearance of coronary arteries and coronary 
collateral vessels, we assessed the coronary angiograms 

- obtained in 121 patients with ischemic heart disease. 


Methods 


‘Patients: Coronary angiography was performed in 121 
patients (85 men and 36 women) ranging in age from 33 to 75 
average 54). All patients had clinically apparent 
emic heart disease. Angiograms were selected for inclusion 
is stu y on a random basis from among patients who 
derwent coronary arteriography at the New York Hospital 
in 1979 to 1980. Angiograms then were excluded from as- 
essment unless at least 1 coronary artery manifested 275% 

-reduction in luminal diameter in at least 1 angiographic view. 

“Twenty-six patients manifested such stenoses in 1 major ar- 

tery; in 42 patients, 2 major arteries were affected; and in 53 

patients, all 3 major arteries were affected. Angiograms 

demonstrating 250% stenosis of the left main coronary artery 

-were excluded. Patients with valvular, congenital, or primary 

“myocardial heart disease detectable at catheterization or 

“echocardiography were excluded from study. Patients were 

uded irrespective of the presence or absence of clinical 
ence of previous myocardial infarction. 
ngiography: Catheterization was carried out with the 
patients under mild sedation (sodium pentobarbital), with 
cal anesthesia,.and in the fasting stage. No nitrate vasodi- 
ators were administered within 4 hours of catheterization, and 

_ no other vasodilator agents were employed in the treatment 

< of these patients. 

Selective coronary arteriography was performed by the 
dkins technique, using Renografin®-76 contrast medium. 
| angiograms were recorded at 60 frames/s on 35 mm Kodak 

CFS film using a General Electric Fluoricon 300 system. Ra- 
r aphic parameters were automatically adjusted to attain 
-consistent and optimal film quality. A standard injection 
routine was utilized in an attempt to deliver contrast at a 
m rate during each injection. Film was processed in a 

on 54 processor and densitometric quality control 


tent film quality. The left coronary artery was routinely 
ized i in at least 4 views. Each segment of all arteries was 


ve in each patient. Thus, every attempt was made to 
imize variation in coronary artery and collateral appear- 


sessment of anatomy: To assess stenosis of coronary 
‘teries receiving or supplying collateral vessels, the severity 
obstruction of each atherosclerotic lesion was defined as the 
greatest percent reduction in luminal diameter that was seen 
y view compared to the nearest proximal section that was 
free of disease. Lesions were stratified into 4 levels of 
ction (<75%, 275 to 89%, 290 to 99%, 100%),!® with 
asurements employed to quantify luminal diameter 
n: The most severe of serial stenoses was used in 

tifying those arteries with multiple lesions. 
udy, extent of collateral flow to a distal segment 
ructed artery was assessed only if obstruction was 
present in the p ponina or mid- e of 1 of the 3 major 


ere stenosis, was in ‘the distal portion an artery, that 
; ot included i in the analysis of collateral flow. 'There 


vessels were cónsidered present (1}ifa totally ob 

tery was visualized on homolateral injection; (2) if a sub 
obstructed artery was seen to fill in a retrograde fashio 
homolateral injection; or (3) if an artery filled on contrala! 
injection. Collateral vessels were graded as good, poor, 
sent based on a modification of the criteria of Levin’ 
collateral vessels caused complete opacification of the por 
of the recipient coronary artery distal to the obstruction | 
Poor collateral vessels caused faint or incomplete visua 

of the recipient artery distal to its obstructing lesi 
concomitant clear visualization of the region proxim 
obstruction in the injected artery, indicating techni 
equate contrast administration). If there were m 
lateral vessels, only the vessel with the best grade 
analysis. Multiple poor collateral vessels ` were trea 
single poor vessel. 

Assessment of both coronary stenosis and collateral; g 
was performed independently by 2 observers; in cases of 
agreement, a final decision was reached by consensus 
joint review of the angiogram. To establish the relia 
our observations, a subgroup of 27 angiograms was reas: 
by 1 observer several months after initial reading. There 
complete agreement (24 of 24) between initial and fo 
readings of those stenoses graded as 100%; 91% (29 6 
concordance of those lesions initially read as 290% to 99%; an 
76% (16 of 21) concordance of those lesions initially read 
275 and <90%, with 2 of the 5 disagreements resulting 
downgrading the severity of stenosis. There was 98% (27 í 
concordance of those collaterals initially graded good, and 
(9 of 10) concordance.of those collaterals initially grade 
Therefore, we believe our method of analysis is suffit 
reproducible to permit firm conclusions from data base 
the large number of observations involved in this study 

To evaluate arteries with clearly supplied collateral ves 
the extent of stenoses was defined by the most severe re: 
tion in luminal diameter proximal to the origin of the col 
vessel. If the stenosis was 275% of luminal diameter, 
supplying artery was termed obstructed, and if stenosi š 
<75%, the artery was termed nonobstructed. 

Finally, to determine the importance of obstructive 
in all arteries with potential for supplying collateral ves 
each totally occluded artery was considered to be poten 
supplied by branches of either of the 2 other major ar 
and by the proximal portion of the occluded artery 
Stenosis of each ‘potential supplier was assessed by ¢ 
measurement, as above; a stenosis causing a 2.75% reduc 
in luminal diameter was considered to indicate that a potent, 
supplier was obstructed. As Levin has demonstrated, po 
suppliers differ in probability of supplying collateral véess 
to specific totally occluded arteries. Therefore, to:each | 
tential supplying artery, we assigned a relative weigh 
I) according to the probability that the artery would 
a collateral vessel (after Levin). The system was desig 
such that when the relative weights assigned to b 
any major artery were summed, the result was eq 
relative weight assigned to the major trunk arte 
number of obstructed suppliers, each multiplied by its v 
was summed. The resulting quantity was termed the sup, 
obstructive index. The supplier obstructive index ranged i 
0 (all potential suppliers having <75% stenosis) to. 11-( 
tential suppliers manifesting 275% stenosis). 

Statistics: The chi-square test was used to compare ft 
quency of observation between groups. The Kruskal-W 
one-way analysis for K groups!* was used to esta 
existence of a difference in supplier obstructive inde 
our patient subgroups; the Kruskal-Wallis te 


‘by Dunn!? was used to compare supplier obstn 


among specifie subgroups; 


































uction in luminal diameter: 76 of the 269 arteries 
nifested >75% but <90% stenosis; 99 of 269 arteries 
anifested 290% but less than total occlusion; and 94 
f 269 arteries were totally occluded. Thus, 193 arteries 
ianifested 290% stenosis. 


banaaneita eeen mths 


luded Relative 
: Potential Supplier Weight 





LAD (Proximal) 
Septal 
Diagonal 
Cx (Proximal to All OMs) 
(Distal to an OM) 
= 1 OMs 
RCA (Proximal) 
(Distal to AM) 
Distal to PDA 
PDA 


LAD and/or DIAG 

Cx (PROX to all OMs) 
(Distal to an OM) 
1 or more OMs 

RCA 

LAD (Proximal) 
(Distal) 
Septal 

Cx (Proximal) 
(Distal to 1 OM) 
1 or- more OMs 

RCA (Proximal) 
(Distal) 


* Based on relative quantitative importance (weight) of potential 
teral supply (see text). 

e Maximal possible supplier obstructive index is 11. 

x = circumflex coronary artery; LAD = left. anterior descending 
ronary artery; OM = obtuse marginal branch of the left circumflex 
tery; Prox = proximal. {in LAD, proximal to first septal perforating 
; in Cx, proximal to first obtuse marginal; in RCA, proximal to acute 
inal; RCA = right coronary artery. Parentheses. indicate portions 
major artery. 
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The 121 patients had a total of 269 arteries with >75% quency and grade: The presence or absence of angio- 


: stenosis. 





Effect of recipient | sis on collateral fre- 
graphically apparent collateral vessels was significantly. 
affected by the severity of stenosis of the potential re- 
cipient artery, Of the 193 vessels with =90% stenosis, 
118 (61%) received collateral vessels. In contrast, none 
of the 76 arteries with = 75% but <90% stenosis received 
collateral vessels (p <0.001). Of the 99 vessels with 
2.90% stenosis that were not totally occluded, 39 (39%) = 
received collateral vessels, while 79 of the 94 (84%) to- 
tally occluded vessels received collateral vessels 
(p <0.0001) (Fig. 1). 

Similarly, the grade of angiographically apparent 
collateral vessels was significantly affected by the se- 
verity of recipient artery stenosis. Of the 118 arteries == 
receiving collateral vessels of either grade, collaterals 
supplying 87 arteries were graded good. Good collateral 
vessels supplied 70 of 94 (74%) of totally occluded ar- 
teries, but only 17 of 99 (17%) of subtotally occluded 
arteries (p <0.001) (Fig. 2). Conversely, of the 79. col- 
lateral vessels to totally occluded arteries, 70 (86%) were 
good. In contrast, of the 39 collateral vessels to subto- ° 
tally occluded arteries, 17 (44%) were good 
(p <0.001). 

Effect of supplier stenosis: Stenosis of the single 
artery most clearly supplying angiographically apparent 
collateral vessels significantly affected the grade ofthe 
collateral vessel. Thus, only 16 (18%) of the 87 good a 
collateral vessels were supplied by obstructed (that is, 
with 275% stenosis proximal to the origin of the col- 
lateral) arteries; in contrast, 20 (65%) of the 31 poor 
collateral vessels had obstructed sources of supply . 
(p <0.001) (Fig. 3). me 

If a collateral vessel arose from an obstructed sup- 
plier, it invariably went to an artery whose stenosiswas 
greater than that of the supplier. Sixteen collateral = 
vessels clearly arose from single obstructed suppliers. 
Five collateral vessels arose from an artery with 275% 
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FREQUENCY OF 
RECIPIENT STENOSIS (%) 
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- COLLATERAL GRADE 


FIGURE. 2. The relative frequency of total occlusion (T; 0. J and a 
290% stenosis but less than total occlusion, in arteries receiving poor- 
and good coronary collateral. vessels. Most arteries receiving good 





coronary collateral vessels (CCV) manifested total occlusion, 
arteries receiving poor coronary collateral Vessels had | - 





while 









ch sup 
ateral vessels from 290% stenotic arteries also 

invar ably supplied totally occluded arteries. 
- The importance of patency of supplying arteries in 
ollateral appearance was confirmed by assessment of 
all potential sources of collateral supply. To eliminate 
he affect of variations in recipient artery obstructions, 
was limited to assessment of collateral 
94 otally occluded arteries. As shown in 
tent of obstruction of potential suppliers 
uctiv index) was significantly higher in 
eries with no or ‘poor collateral vessels 
for both groups of arteries versus arteries with 

collateral vessels). 


Discussion 


- Our data indicate that the angiographic appearance 

f collateral vessels in patients with coronary artery 

usive disease is determined in large part by the 

ence and severity of stenosis of the large coronary 
teries supplying and receiving the collateral flow. 

found that collateral vessels arose more fre- 

m nonobstructed than from obstructed ar- 

tensity of collateral filling at angiography 

; influenced by supplier obstruction. Finally, the 

otential eel sari as deter ‘mined by our 


e preferential origin of collaterals from nonob- 
ed arteries has not been previously appreciated. 








CCV GRADE 


The relative frequency of "obstructed" (275% stenosis, 
non structed { <15 % stenosis, hatched d har) suppliers to 


stally octluded artery; the 2 


vessels than for 


ae 


suggested that stenotic lesions in pote 

have no effect on collateral appearance. !>- 

the issue of “potential suppliers” was not direct 
sidered, evidence suggesting the lack of imports 
potential suppliers can be inferred from the find: 
Hamoy € et al, 17 who assessed the frequency of coll 


right coronary arteries. These investigators fo 
the presence or absence of collateral supply to 
artery was unaffected by the presence of hemod: 
a important obstructi ons af other arteries 


defi jed other R r as osasta 4 
manifested stenoses of =50%, a more lenient defin 
than that employed in the present study. ‘Thus. 
study design of Hamby et al differed significantly 
ours, precluding direct comparison. 

The relative unimportance of potential sup 
stenosis also is implied by reports suggesting tha 
extent of visualization of collateral vessels is prop 
tional to the overall severity of obstructive disease ¢ 
large coronary arteries.!>!6 If this were true, incre: 
collateralization might be expected to occur as po 
suppliers develop increased disease, a conclusion 
is directly. contradicted by our findings. Ho 
analyses leading to such conclusions generally hz 
considered the severity or location of the 
lesions in recipient arteries and potent 
perhaps explaining. in: part. the discrepane’ bet 
previous findings and those of the present study. 

In contrast, in a study of the effects of colla 
vessels on left ventricular function at rest a 
exercise, Schwarz et al!4 concluded that collater, 
seen more frequently in patients with a single ọ 





SUPPLIER OBSTRUCTIVE 





NONE POOR G 
(N=15) (N=9) (N=79) 
GRADE OF COLLATERAL VESSE 
TO INDIVIDUAL. TOTALLY 
OCCLUDED RECIPIENTS 
FIGURE 4.. The supplier obstructive index, a measure of 
of all arteries potentially supplying collateral vessels to totally 
recipients, is higher when collateral vessels are abs i 


when collateral vessels are graded good at angiogr, 
fas significantly (p <0, 001, by 


' rOUD | th good collateral ves 








Met collateralized fall. eoelied. arteries was 
nilar in patients with 1 or 2 totally occluded arteries. 
eg racine of the data of Schwarz et al i is 


t a our findings regarding the importance of 
I aracteristics of supplying arteries are at variance 


or investigators i in demonstrating the Cena ae: 
e severity of obstruction of recipient arteries in 
termining collateral vessel appearance. Nonetheless, 
ifferences exist between our findings and those of some 
yrevious studies. We were unable to demonstrate col- 
ateral vessels to arteries with <90% reduction in lu- 
inal diameter. Other investigators have noted angio- 
raphically apparent collateral vessels supplying arte- 
ies variously reported to manifest 250%,!! = 75%,8:10 
ind = 90%2-4.6 stenoses. The source of this discrepancy 
‘not entirely clear. However, several of the earlier 
udies did not separate patients with =90% stenosis 
m those with 250% and 275% obstructive lesions, 
potentially masking a relation between frequency. 
collateral vessels and severity of recipient artery 
struction. In addition, criteria employed in defining 
» severity of stenosis often have not been described, 
roviding a potential source of inter-study variation. 
inally, it is possible that interobserver variation in 
giographic interpretation of coronary artery stenosis 
jay be in part responsible for differences in results, 
hough interobserver variability has been shown to be 
relatively little importance when stenosis is 290%,20 
>; lesion of greatest interest in our assessment. 
Among patients with 290% stenosis, we found that 
frequency and semiquantitative grade of collateral 
pearance was directly related to the presence of total 
clusion. Thus, 84% of totally occluded arteries re- 
ved collateral supply, while 39% of subtotally oc- 
ided arteries were so supplied. Though exceptions 
st,!° most investigators have found a similar relation 
ween collateral frequency and total coronary artery 
lusion, 11-13 

t is clear from our data that the relation we have 
rved, while highly statistically significant, do not 
ribe the characteristics of all supplier-collateral 
nt systems, that is, some good collateral vessels 
‘om obstructed suppliersand not.all totally oc- 
eries receive good collateral vessels. There are 
tential explanations for the limitations of our 















of factors unrelated to the extent of large coro- 
artery stenosis in modifying our results. Such ad- 

mal influences, described previously by oth- 
11,15,21,22 include genetic predisposition of collateral 
ation, extent of regional ischemia, extent of phys- 
activity, rate of progression of stenosis in the re- 
nt artery, and concomitant hypoxia and/or anemia. 
















ajor determinant of collateral vessel 


l reproducible aha permitted. stratification of patients : 


‘in whom bypass grafting is to be undertaken, o 


ions. Of course, it is not possible to exclude the 


the transcollateral pressure gradient, 
-ically demonstrable collateral vessels i is 





| grading system is highly ce 











































into groups according to angiographic descriptors, no 
visually based angiographic grading system can pre- 
cisely quantify anatomic obstruction, or account fori- 
tubular stenoses, multiple stenoses, or concentric versus 
eccentric stenoses. Therefore, we would expect that. 
although our angiographic assessment should generally | 
reflect anatomic findings, an exact correlation would be. 
unlikely, and precise estimate of pressure gradients: — 
across obstructive lesions should not be possible in every 
case. 

Our data support the concept, well-substantiated in 
experimental animals,”4® that the specific transcolla- 
teral pressure gradient is of primary importance in de- 
termining the angiographic appearance of collateral. 
vessels in man, and hence in determining the appear- 
ance of the distal portion of obstructed recipient arte- 
ries. Further, these results suggest that in the absence 
of an increase in systemic arterial (perfusion) pressure, 
collateral flow might be expected to increase only if (1) 
an increase occurs in the severity of obstruction of the -4 
recipient artery, or (2) if a decrease occurs in the severity- 
of obstruction of supplying or potentially supplying — 
arteries. Thus, our data may explain the inability of 
interventions such as diet and exercise to increase col- 
lateral development,”®”’ since neither of these inter- 
ventions has been shown to decrease the severity o 
stenotic lesions in man. Similarly, our results are con 
sistent with the finding of a longitudinal angiographic 
study which indicated that collateral vessels appear only 
with progression of the severity of a stenotic lesion i in 
a recipient artery.“8 

Our findings have potential practical importance 
Appropriate criteria for selection of patients for coro- 
nary bypass grafting, based both on myocardium at risk 
of ischemic damage and on subsequent risk to life, now 
are the subject of intense concern. As Levin® noted 
autorevascularization by collateral flow may be suffi- 
cient in some cases to obviate the need for surgical in 
tervention. Therefore, proper interpretation of th 
potential clinical importance of angiographically de 
monstrable collateral vessels may be essential. Our d 
suggest the possibility that, even if the angiograp!| 
appearance of a collateral vessel is good, decisions 
garding the adequacy of collateral flow should perhe 
take into account the characteristics of the supp! 
and recipient arteries. Moreover, of interest inp 

































suggest the possibility that the absence of angiog 
evidence of widely patent (and, hence, clearly gr: 
distal segments of occluded vessels may resul 
extensive occlusion of potential suppliers, rather 
from the intrinsic condition of the distal recipient ves: 
If this is so, then planning of bypass grafting procedu 
must involve some means, perhaps intraoperat: 
assure identification of potentially operable, alt 
angiographically inadequate, distal vessels. Thus 
findings indicate that more complete understan: 
the functional and clinical implications of ang 
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eptal Q-wave amplitudes were studied in lead CMs 
evaluate its utility in predicting segmental coro- 
-artery pathoanatomy. Q-wave amplitudes were 
asured in 41 patients with coronary artery dis- 
e (CAD) before and immediately after treadmill 
rcise. All patients studied had either significant 
single-vessel CAD (>70% diameter reduction) or 
mal Coronary anatomy; 13 had left anterior de- 
ending (LAD) CAD, 8 had right coronary occlu- 
ns, 8 had left circumflex (LC) CAD, and 12 had 
angiographically normal coronary arteries. 
_ Septal Q-wave amplitude measurements at rest 
i during peak exercise were recorded in 0.5 mm 
crements and classified as increasing in 20 pa- 
ts, gerrociing | in 8, ena no change in 18 with 














ercise testing is a valuable noninvasive tool for 
nosing and monitoring CAD.!~3 S-T segment de- 
ssion is considered the hallmark of exercise-induced 
cardial ischemia.4 Unfortunately, the predictive 


eof the S-T segment response in exercise is subject — 
ie population tested and fails to distinguish with — 


those with or without CAD.5 As a result of this 


of false-positive and false-negative results 


xercise tests employing analysis of the S-T seg- 
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entification of Septal Ischemia During Exercise 
)-Wave Analysis: Correlation With 


the septal.Q 
a false-p 
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patients) in the septal Q wave with exercise. Sta- 
tistical analysis revealed 62% sensitivity and 100% 
specificity for single LAD narrowing if a decreasir 

Q wave was noted with exercise. Patients with 
isolated right or LC CAD or normal coronary anat- 
omy had mixed septal Q-wave responses to exer- 
cise. Only patients with LAD narrowing had reduc- 
tions in Q-wave amplitude with treadmill exercise. 
This finding suggests that low Q-wave voltage and 
its failure to increase after exercise imply abnormal 
septal activation, reflecting loss of contraction as- 
sociated with ischemia from LAD narrowing. 





ment alone, other electrocardiographic vidios have 
been developed to enhance the diagnostic and prog: 
nostic value of exercise testing.®§ Additionally, multi- 
variate analysis has been proposed to enhance the 
curacy of the exercise test.218 
We recently reported our experience with the se 
Q wave in exercise testing.” In 100 patients eval 
with exercise tests and coronary angiography, the 
Q wave in bipolar lead CM; is smaller in patie 
CAD than in normal subjects both at rest an 
immediate postexercise recovery period (p <0.001 
1 and 2). The average septal Q wave in patient 
CAD was 0.5 mm at rest and 0.5 mm in im 
postexercise recovery period. The average septal 
in normal patients was 1.0 mm at rest and 2.0 
immediate postexercise recovery period. An i 
‘wave amplitude with exercis 
‘segment response to s 











exercise, All 13 patients with isolated LAD narrowing a 
had either no change (5 patients) or a decrease (8. 











Hs i cases. An of the septal Q wave in bipolar lead 
CM; with S-T segment depression identified a true- 
E Ycditive response in 100% of the cases studied. Thus, 
_ measurement of the septal Q wave appears to be a useful 
adjunctive measurement in exercise testing, with its 
- major application in confirming a true-positive response 
= with concomitant S-T segment depression. These data 
E suggest that low septal Q-wave voltage and its failure 
ae toi increase with exercise imply abnormal septal acti- 
vation, reflecting loss of contraction associated with 
ee. nemia. Unfortunately, specific localization of this 
aah ectrocardiographic event with coronary artery 
ny -pathoanatomy was difficult, since 77% of the patients 
_ with CAD studied had 2- or 3-vessel disease. This report 
= focuses on the septal Q wave in exercise and corre- 


sponding coronary artery segment pathoanatomy (Fig. 
1 and 2). 










Methods 


Patients: The patient were sequentially selected from a 
computer search of our files to obtain subjects who had both 

B exercise testing and coronary angiograms that fulfilled the 
criteria necessary for the study; normal coronary anatomy or 
ngle-vessel CAD (luminal diameter reduction >70%). No 
patient was previously studied. Treadmill exercise test records 
and coronary angiograms of patients referred for evaluation 

‘ chest pain were reviewed retrospectively. Patients with an 
abnormal electrocardiogram at rest were excluded, including 
_ left ventricular hypertrophy, right ventricular hypertrophy, 
left bundle branch block, right bundle branch block, or 
_ preexcitation syndromes. Patients with the clinical diagnosis 
of valvular heart disease or myocardial infarction, and patients 
taking digitalis or beta-adrenergic blocking drugs were ex- 
cluded. Of 41 patients studied, 12 had normal coronary 
_ anatomy (9 men and 3 women aged 45 to 68 years [mean 62]); 
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13 had LAD CAD, 8 had right CAD, ici 8 had LC CAD. Pa- is 
tients with CAD were aged 36 to 67 years (mean 61); 15 were 
men and 14 women. 

Treadmill stress test: The interval between the exercise 
test and the coronary angiogram ranged from 1 to 60 days. 
Patients were subjected to a progressive maximal exercise test _ 
according to the Ellestad protocol using a 3-lead system con- 
sisting of a bipolar lead CMs, a bipolar lead III, and unipolar 
lead V;. Significant S-T segment depression was upsloping — 
in the immediate postexercise period. The 3 electrocardic 
graphic leads were monitored simultaneously and | contin- 
uously during and after exercise. All subjects with no 
coronary angiogram results were exercised to 290% of their 
normal age-predicted heart rate response to exercise. T hi 
septal Q wave was measured only in the bipolar lead CM; in 
the period immediately after exercise with the pat 
standing. This Q wave was compared with that in the stand 
control period. A 10 mm/mV calibration was used. The se 
Q-wave amplitude was measured from the isoelectric line for 
5 to 10 beats. The average amplitude was approximated to 
nearest 0.5 mm increment. The septal Q waves were meas 
by either the first or second author and reviewed by the fourth. 
The treadmill exercise test was examined independ 
without prior knowledge of the coronary angiogram. 

Cardiac catheterization: This procedure was perform 
using either the Sones or Judkins technique. No patient had 
clinical heart failure at the time of catheterization. Coron 
angiography was performed using 35 mm film with mu 
views. Single plane left ventricular angiography w: 
formed in the right anterior oblique projection. The cri 
for diagnosis of CAD was >70% diameter reduction 
lumen of the artery. 

The coronary anatomy and left ventricular angiogram were 
graded without prior knowledge of the exercise test results by _ 


i ical evaluation: Sensitivity » wäs defined as true- 
 responses/true-positive + false-negative responses. 

cificity was defined as true-negative responses/true-neg- 

e + false-positive responses. The sensitivity, specificity, 
_and predictive value for the septal Q-wave change was de- 
termined and compared within the multiple patient co- 


Results 


Normal coronary anatomy: Of the 12 patients with 
ormal coronary angiograms, 9 had an increase in septal 
_Q-wave amplitude with exercise. The increase in septal 
wave amplitude with exercise was 0.5.mm in 6 pa- 
ents and 1.0 mm in 3 patients. Three patients had no 
ange in septal Q-wave amplitude with exercise. No 
patient had a loss of septal Q-wave amplitude with ex- 
reise (Fig. 3). 
Single vessel coronary artery disease: Left ante- 
rior descending: Of the 13 patients with significant 
tenosis (>70% cross- -sectional area luminal narrowing) 
olated to the LAD coronary artery, 8 (62%) had dim- 
nution of their septal Q-wave amplitude with exercise. 
‘his loss in septal Q-wave amplitude with exercise was 
m in 4 patients and 1.0 mm in 4 patients. Five 
nts had no change in septal Q-wave amplitude with 
xercise.. No patient exhibited an increase in septal 
wave amplitude with exercise (Fig. 3). 
eft circumflex: Of the 8 patients with isolated sig- 
cant stenosis to the LC coronary-artery, none dem- 
onstrated a reduction of septal Q-wave amplitude with 
xercise. An increase in septal Q-wave amplitude with 
rcise was present in 5 patients: 0.5 mm in I patient, 
0 mm in 3 patients, and 2.6 mm in 1 patient. Three 


g í 
Circumflex; 


. Descending Coronary Artery Disease 





Predictive © 


Sensitivity Specificity Value 








n n % n % 
Decreasing Q wave 62 8/13 100 33/33 100 8/8 





Decreasing or no 100 13/13 71 20/28 62 13/21 


change in Q wave 


patients had no change in septal Q-wave amplitude with 
exercise (Fig. 3). 


Right: Of the 8 patients with significant stenosis 


isolated to the right coronary artery, none demonstrated. 
a reduction of the septal Q wave with exercise. An in 

crease in septal Q-wave amplitude with exercise was 
recorded in 6 patients: 0.5 mm in 4 patients, 1.0mmin _ 


1 patient, and:2.0 mm in 1 patient. Two patients had no ~ : 


change in septal Q-wave amplitude with exercise (Table © 
I). ae 


Discussion 


Q wave and resting electrocardiography: Initia! 
ventricular activation originates from the ventricula 
septum, with Q waves being recorded in both the fronta 
and precordial planes. Normal Q-wave ranges of-a 
plitude and duration have been previously reported.!?3 
In 1955, Burch!4 described an electrocardiographic — 


syndrome characterized by absence of the Q wave in 


leads 1, aVL; Vs, and Vs due to septal fibrosis. In 1960, 
Burch and De Pasquale! reported cardiac pathologic 
findings in 142 patients with this electrocardiographi 
syndrome. Occlusive CAD usually involving the LAD 
coronary artery or scarring in the septum with little « 
no scarring in other areas of the myocardium was.com 
mon. They concluded that the mechanism of the septal 
fibrosis in patients with prolonged periods of angina- 
pectoris is obscure, but may be due to spasm of the 
penetrating septal arteries with progressive myocard 
injury and eventually septal fibrosis. The changes we 
confirmed vectorcardiographically by Cabrero.!6 _ 

Q wave and exercise electrocardiography: Bruce 
et al!’ studied 73 volunteers undergoing maxim 
treadmill exercise testing. Increase in Q-wave amplitude 
was seen as a normal response to exercise (p <0. 
Recently, Wolthuis et al'® reported that lead 
the most prominent Q wave and attained 
negative amplitude with exercise. 

The current literature is scant with reports f 
Q-wave responses in patients with abnormal c 
anatomy. Greenspan et al'® prospectively evaluat 
correlated exercise-induced Q waves during tre 
testing with findings at cardiac catheterization 
patients undergoing treadmill exercise testi 
new Q waves in leads V; through V and 1 
cise-induced-Q' waves in leads I, IH, and a’ 
patients y who underwent cardiac catheterizat ‘ 





induced. Qi waves were not di- 
agnostic of underlying coronary disease. 

n a recent report, we studied exercise Q-wave re- 
ponses in bipolar lead: CM;. Q-wave amplitude was 
neasured:in.50 patients with CAD and 50 normal 
ubjects i in the control (pretest) and immediate post- 
exercise period. In 100 patients evaluated by coronary 

h tie septal Ba «wave lead CMs was smaller 


tive S. T segment response to exercise in 75%, and ab- 
ence of the Q wave in lead CM; with S-F segment de- 
pression after exercise identified a true-positive re- 
‘sponse in 100% of the cases. Low Q-wave voltage and 
failure to increase after exercise suggested a reduction 
the septal current of depolarization, reflecting loss 
contraction associated with ischemia of the septum. 
our 50 patients with coronary heart disease, 45 had 
AD narrowing in addition to narrowings in other cor- 
ary arteries. 

This report focuses on the correlation of coronary 

y pathoanatomy with the exercise septal Q-wave 
sponse. All 13 patients with isolated LAD narrowing 

y ither no change (5 patients) or a decrease (8 pa- 
ie ts). in the septal Q wave with exercise (Fig. 3). Sta- 

stical analysis ies 62% ied and 100% 


ı decreasing Q wave was ‘noted with exercise (Table I). 
‘ati ents with isolated right or LC penne or normal 


change in septal Q wave with exercise. Only pa- 
“ith LAD narrowing had reduction in Q-wave 
pee with Pa The 100% sensitivity seen with 


s the AEAEE studied i increases. In a previous longer 
vit 2 patients with LAD narrowing had a sensi- 


of benefit in n analais of the 5- T segment. p 
The exclusions in this study diminish the numbi 
problems related to misinterpretation of the e: 
test and the predictive value might be. reduced i i 
expanded population. 


References _ 


1. El jestad MH, Wan KMC.. Predictive impications of stress testing. 
ae 5.1;363-369." ; ; ; 
lestad mt Cooke 
pe predictive capacity. Prog 

. Bruce RA, De Raven TA, poca KF 
in risk assessment of primary coronary heart disease events in healthy 
Five years experience of the Seattle Heart Watch “Study. Am JC 
1980;46:371-378, 

. Goldschlager N, Selzer A, Gohn K, Treadmill stress tests. as indi cat 
presence-and severity ‘ot coronary-artery disease. Ann Inter 
85277-286. 

Borer JS, Brensike JF, Redwood DR, Itcoitz $B, etal. ‘Limitatio ; 

electrocardiographic response to exercise in predicting: coro 

disease. N Eng! J Med-1975:293:367--371....° : 

Bonoris PE, Greenberg RS, Castellanet MJ, etal. Predictive value 

i eer changes in feadmil stress test (abstr). Circulation q } 
tt iS 

. Bonoris PE; Greenberg PS, Christison GW, et al. Evaluation of 
amplitude vs ST segment depression in stress testing. Circula ion 

. Bonoris PE, Greenberg PS; Christison GW, et al. Ability of R wave: ampl 
changes to reduce false negative and false positive response by ST 
pression in treadmill stress ross lesing (abstr). Am 4 Cardiol 1978:41 

. Berman JL, Wynne J,.Cohn multivariate approach for. inter; 
treldmill exercise tests in coronary artery disease. Circulation 19 
Suppl Htt-505~t1-512. 

. Greenberg PS, Ellestad MH. Prospective application of the maltis 
approach to enhance the accuracy of the treadmill stress test 
cardiol 1982; 15:143-148. 

- Morales-Ballejos M, Greenberg P, Ellestad MH, Bible M. The se 
in exercise testing: angiographic correlation. Am J Cardi 


247-251. 
Goldberger, AL. Recognition of ECG Pseudo-Infarct Patterns, 
Cardiovasc Dis. 1980;49:13-18. ES 

, Lepeschkin E; in: Alinan PL, Sittmer DS eds; Respiration an 1 
peer MD: Federation of Arnerican Societies for Experimen’ 
1 

. Burch GE. An electrocardiographic. syndrome characterized b 
re the Q wave in leads 1, AVL, Vs and Ve- Am Heart J: 195! 
488. 
Burch GE, De Pasquale N. A study at autopsy of the relation. of ab 
of the Q wave in leads 1, AVL, Vs and Ve to. septal fibrosis, Am 
1960;60:336-340. 

. Cabrero E, Garcia-Font R, Gaxiola A, Pileggi: F, The vector car 
of ventricular activation in chronic. coronary heart disease: An 
1957:55:557-571, 

. Bruce R, Mazzarella J, Jorden J, Green E. Quantitation of OR 
segment responses to exercise, Am Heart J 1966:7 1:455—46 

. Wolthuis R, Froelicher V, Hopkirk A; Fisher J, Keiser N: Normal èl 
catdiographic wavetorm Characteristics during treadmill exercise tes! 
Circulation 1979;60: 1028-1035. 

. Greenspan M, Anderson G. The significance of exercise induced Q wave 

Am J Med 1979: 67:454-459, 














Report of 6 Patients 


i rly and late surgical results in 6 patients with 
oronary heart disease secondary to mucocuta- 
ous lymph node syndrome (MLNS) (Kawasaki 
disease) are presented. There were 5 male patients 
and 1 female patient, ranging in age from 2.5 to 26 
_years at the time of operation. They had severe 
oronary artery narrowings, obstructions, and an- 
urysms with or without mitral regurgitation. Pre- 
us myocardial infarction was documented in 5 
atients. Aortocoronary bypass grafting utilizing the 
utologous saphenous vein was performed in 5 pa- 
ents; in the remaining patient, mitral valve re- 
lacement was carried out. 

No operative or late deaths have been encoun- 
ed. A long-term bypass graft patency was dem- 
strated in patients aged 26, 17, and 10 years with 




















š now well known that mucocutaneous lymph node 
yndrome (MLNS) or Kawasaki disease causes in- 
ammatory coronary arterial and myocardial lesions 
that may result in coronary artery aneurysms, ob- 
_structions, embolism, myocardial infarction, or papillary 
„muscle dysfunction, or a combination of these. Surgery 
as been attempted for these inflammatory coronary 
‘lesions and sequelae of myocardial injury such, as 
ary muscle dysfunction resulting in mitral insuf- 
cy.-7 However, the significance and late results 
ical treatment for MLNS have not yet been re- 
. This report reviews our surgical experiences 
hG patients, and describes late results and problems 
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4, the ejection fractions were maintained well over 0.4. 
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Surgery for Coronary Heart Disease Due to Mucocutaneous 
Lymph Node Syndrome (Kawasaki Disease) 


resulting. clinical, angiographic; or scintigraphic 
improvements, or a combination of these. However, 
the graft that had been patent in a 4-year-old boy _ 
was found completely obstructed 3 years after | 
surgery without any symptomatic changes. The | 
formation of rich collateral channels was found. The 
risk of saphenous vein graft closure may be highin _ 
young growing children. In older children or ado- _ 
lescents, however, coronary vein bypass grafting | 
for this specific inflammatory coronary artery lesion _ 
has been effective with long-term graft patency. 
Severe mitral regurgitation is also an indication tor- 
surgery, but poor teft ventricular function associated _ 
with mitral regurgitation, probably secondary to. 
myocarditis, persists after surgery and may give rise 

to future problems. 



















Methods 


Patients: Clinical and angiographic features of 6 patients 
treated surgically are presented in Table I, There were 5 male 
patients and 1 female patient; their ages at operation ranged 
from 2.5 to 26 years. Five patients underwent aortocoro! 
bypass grafting using autologous saphenous veins; Ep 
aged 2.5 years had mitral valve replacement with Us 
porcine xenograft for severe mitral regurgitation sec 
to papillary muscle infarction. The patients underwe: 
gery at least 1 year after the subsidence of acute ilh 
MLNS. Left: main trunk lesions were present in 3 pa 
3-vessel lesions including coronary aneurysms, narrowing 
and obstructions were noted in 4 patients. Electrocardiog! 
phy documented myocardial infarction in 5 patients, infer: 
wall infarcts in’3, and anteroseptal infarcts in 2: Mitral 
regurgitation was demonstrated in 2: 1 patient (Case 1) with ae 
a 38% regurgitant ratio and the other (Case 4) with 71% severe 
regurgitation. The left ventricular ejection fraction calculated 
from cineangiograms ranged from 0.35 to 0.56, Except for Case 



























_ Among the 6 patients, no operative or late deaths have been 











Coronary 
Arteries 
(N or A) 


Grafts 
CABG Patent 





LM, LAD, R 
LAD, LC, R 
R 

LM, R 
LAD, LC, R 
LM, LAD, R 





+ (LAD, R) + (3 yr) 
+ (LAD, R) + (1 mo), — (3 yr) 
+ (R) : No study 


u=, MVR Den 
+ (2.5 yr) 


+ (LAD, LC) 
+ (LAD, R) + (LAD, tyr), ~ (R) 


n; CABG = coronary artery bypass graft; LAD = left anterior BNE INA artery: LC = left circumflex: artery; LM = leftma 
ular r ejection fraction; MI = myocardial infarction; MR = mitral regurgitation; MVR = mitral valve replacement; N = narrowi 
HA = New York Heart Association functional class; Op = operation; Postop = postoperative; Preop = preoperative; R = rignt e 


yès; ~ = no. 


from 1 to 8 years. At present, Patient 1 is in the NYHA® 
functional class II and the remaining 5 patients are in class I. 
Patient 4 has been receiving digitalis and Patient 5 has been 
taking a small dose of procainamide for arrhythmia. The other 
patients are medication-free at present. 
“The operative techniques used for these patients were es- 
ntially the same as those used for adult patients with ath- 
lerotic coronary artery disease. Under cardiopulmonary 
ass. with moderate hypothermia, aorta-graft anastomosis 
performed. with 6-0 monofilament sutures and graft- 
‘onary artery. anastomosis was carried out with 7-0 mono- 
ent sutures. Both continuous and interrupted sutures 
used. The graft material used for the 5 patients were all 
tologous saphenous veins harvested from the patients’ 
ighs. Brief histories of the patients follow. 


Case Reports 


Patient 1 had a large anteroseptal infarction at age 26 years; study 
dthe presence of a large left main trunk aneurysm with ste- 
f the left anterior descending artery and total occlusion of the 


"he grafts was demonstrated angiographically to be widely 

t 3 years after surgery with asymptomatic total occlusion of the 

in trunk aneurysm.’ This patient had had total obstruction 

right coronary artery before operation, and therefore at present, 

riginal coronary arteries are obstructed. Postoperative 

also showed the irregular coil-shaped posterior descending 

e has been working daily in the office with some easy fati- 
for 8 years. after operation. 


‘atient 2 was a 4-year-old boy who had temporary circulatory ar- 
, (possibly ventricular fibrillation). with spontaneous recovery after 
tal infarction, Total obstructions of the right coronary and 

r descending coronary arteries, and a small aneurysm of 

1 of the circumflex artery were demonstrated by selective 
arteriography”? at age 3 years. He underwent double aor- 
bypass grafting to the right coronary and left anterior 
coronary arteries utilizing the autologous saphenous vein. 

s were widely patent 1 month after operation.? However, 
s'were found to be totally occluded 3 years after surgery with 


rpose of an angiographic follow-up. At present, there are 

f myocardial ischemia detectable either with exercise elec- 
ography or exercise thallium-201 myocardial scintigraphy. 
mpossible tö identify. the time of graft occlusion during the 
; The obstructed per coronary and left. anterior 


and ‘the left anterior: descending artery, was perfused thro gh 
conus branch of the right coronary artery, proximally and throu 
the apical branch of the circumflex artery, distally. ; 


Patient 3 was also'a 4-year-old boy who sustained an small inferi 
wall myocardial infarction subsequent to total obstruction o 
igin of the right coronary artery. He underwent. coronary. b i 
grafting to the large dominant right coronary artery. He has bee 
followed up for 6 years and is doing well at- present, but an.an 
graphic restudy has not yet been performed because of postope i 
hepatitis. 


Patient 4 ‘had congestive heart failure and cardiac cachexia t 
2.5 years resulting from severe mitral regurgitation that occurred aft 
inferior wall .infarction.A ‘The right coronary artery was-totall 
cluded near its origin. The cause-of mitral regurgitation was pa 
muscle dysfunction, and his left ventricular contraction was m 
depressed with an ejection fraction of 0.35. He underwent mitral val 
replacement using a 27 mm porcine xenograft and has been fo! 
up for 3.years. Postoperatively, the left atrial volume h 
significantly from 220 to 84 ml/m* however, generalize 
traction of the left ventricle has not been improved 
reduction of the ejection fraction from the preoperative j 
to 0.26 after operation. The contraction impairment:of the le 
tricle in this patientis much worse than expected from the e 
cardiographic inferior wall infarction, and this fact may sugges 
associated myocardial involvement subsequent to MLNS myocar 
Little pathologic change was identified in the excised mitral leaflets 
but. extensive myocardial injury with fibrosis was demonstrated 
the posterior papillary muscle.4 The porcine xenograft the 
been implanted in this patient has recently shown degenerati 
changes with resultant stenosis. Reoperation may be required i 
future: 


Patient 5 was a 17-year-old boy who had a history of MLNS at agi 
4. He had been doing well until. year before operation, when multiple 
and repetitive premature ventricular contractions appeared and 
worsened during exercise; accompanied by a fainting sensation. 
However, angina pectoris was, not apparent. Left ventriculography ; 
demonstrated reduced contraction of the anterior and inferior walls | 
with a global ejection fraction of 0.46, Coronary arteriography de 
onstrated total occlusion of the right Goronary artery with in 
ronary collateral formation and severe proximal stenoses of the 
anterior descending and left circumflex arteries associated 
eurysms (Fig. 1, top). Although he had no obvious angina pe 
the presence of severe coronary narrowing and refractory vent: 
ectopic contractions during exercise prompted surgery. Two 
coronary saphenous vein bypass grafts were placed tothe left 
descending and circumflex arteries. Ventricular ectopic beats 


Two grafts have been patent for-2.5 years after surgery (Fig. 1, bot 
tom). At present, the patient is completely asymptomatic with ex 
cellentiexercise ability. 


Patient 6 was.a 10-year-old girl who had MLNS at age 7, Shen 
oppressive feeling in the anterior chest while exercising. A stu 
revealed the presence of a large aneurysm in the left main tr 
a total occlusion of the left anterior descending artery: at i 





filled retrogradely from the circumflex artery. The right coronary had 
_a small aneurysm at its origin (Fig. 2, top). Hypoperfusion in the an- 
“terior wall was clearly demonstrated by exercise thallium-201 myo- 
cardial scintigraphy with recovery 2 hours after exercise by the re- 
distribution study. The patient underwent double aortocoronary 
| bypass grafting to the left anterior descending and right coronary 
arteries using the autologous saphenous vein and is now completely 
‘free from angina pectoris. 
| Angiographic and scintigraphic evaluations were repeated 1 year 
_after operation. The thallium-201 uptake defect during exercise ob- 
‘served in the anterior wall of the left ventricle before surgery improved 
significantly after revascularization. The left anterior descending 
coronary graft was patent. Although the right coronary artery graft 
was closed, the original right coronary artery was patent with no 
‘scintigraphic perfusion defects (Fig. 2, bottom). 


Discussion 


_ Studies regarding surgical treatment for coronary 
heart disease subsequent to Kawasaki disease are still 
very limited,!~’ and little is known of the indications for 
and long-term results of surgical treatment for this in- 


| 








flammatory pediatric coronary artery disease. We are 
most concerned with the long-term significance of 
surgical treatment for this disease and the fate of the 
saphenous vein aortocoronary bypass grafts implanted 
during childhood. Although our surgical experiences are 
also limited, we discuss here some of the findings ob- 
tained from 6 patients who underwent surgery. 

From our experience, we have confirmed that aorto- 
coronary bypass surgery is effective in selected patients 
with coronary lesions resulting from Kawasaki disease. 
Clinical, functional,?:!? and scintigraphic evaluations 
in early and late postoperative periods have shown that 
aortocoronary bypass grafts are functioning well long 
after operation in our older children or adolescents. In 
younger children, however, long-term patency of aor- 
tocoronary autologous saphenous vein bypass grafts 
cannot be confirmed from our results. In a 4-year-old 
boy, the graft that had been patent 1 month after op- 


wa 


j ` 
FIGURE 1. Patient 5. Pre- and postoperative coronary arteriograms. Top left, an aneurysm and a severe stenosis just proximal to the aneurysm ; 
were present in the left anterior descending artery. The circumflex arteries had stenosis with coil-shaped collateral connections. Top right, the 

right coronary artery was occluded with intracoronary collateral connections. The autologous saphenous vein bypass grafts to the left anterior 
descending artery (bottom left) and the circumflex artery (bottom right) are patent 2.5 years after surgery. The patient is now completely asymp- 

tomatic. AES 
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eration was found completely occluded 3 years later 
with no symptomatic changes. Rich collateral channels 
maintained the adequate myocardial perfusion and, 
thus, the graft appeared to have occluded slowly. The 
cause of graft occlusion in this child is not clear. Graft 
closure might have resulted from simple degenerative 
mediointimal hyperplasia, but failure of nongrowing 
conduits in the growing heart of children has been 
considered?; this hypothesis cannot be denied from our 


-~ present experience. The internal mammary artery graft, 
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although technically more difficult to perform in small 
children, may be more adequate because it may simul- 
taneously grow, whereas the saphenous vein conduit 
does not. 


FIGURE 2. Patient 6. Pre- and postoperative coronary arteriograms. Top left, a large aneurysm was present in the left main artery with the left anterior 
descending artery totally occluded at its origin and retrogradely filled through the apical connection with the circumflex artery. Top right, a small 
-aneurysm was present at the origin of the right coronary artery. Bottom left, the graft to the left anterior descending artery is patent 1 year after 
surgery. Bottom center, the circumflex artery is patent, originating from the left main trunk aneurysm which is somewhat reduced in size. Bottom 
fds i sh the right coronary graft has been occluded, the original right coronary artery is patent with no flow delay. 
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Conclusion: From our limited experience, in con- 
junction with that reported by others,>~’ we believe that 
aortocoronary bypass grafting utilizing autologous sa- 


phenous veins is effective in the treatment of MLNS 4 


coronary artery lesions at least in selected older children 
or adolescents. The adequate age for coronary revas- _ 
cularization in Kawasaki disease has not yet been de- 
termined. Judging from our experiences and those of 
others,” we consider that an age over rather than under 
8 to 10 years would be more appropriate for the use of 


nongrowing saphenous vein conduits, although more 


clinical evaluation is required. 
Mitral regurgitation due to Kawasaki disease is- 
usually associated with poor left ventricular function 





The Changing ‘‘Natural History” of hea ecg 
oronary Artery Disease: Basis Versus Blas 


GOLDMAN, MD, GILBERT H. MUDGE, Jr., MD, and E. FRANCIS COOK, MS 


contrast to the 20 to 30% reduction in ischemic 
rt disease mortality that has been demonstrated 
ational mortality statistics and by several ran- 
ized controlled trials, an uncritical reading of 
nt “natural history” studies suggests far greater 
‘ovements in the survival of symptomatic cor- 
atients. Although the intrinsic accuracy of 
natural history studies is not questioned, at- 

to compare patients from different studies 

ind different eras may greatly overestimate the true 
ovement in natural history because of at least 
iases in the selection of cases from the spectrum 
diseased patients. Because of lead-time bias, 


nal statistics indicate that the mortality rate from 
‘ona y heart disease (CAD) and acute myocardial 
tion declined by about 20% in the United States 
1968 and 1978.!-> At the same time that these 
rtality rates have been. declining, $ several 

ators have reported that the prognosis of their 
patients with medically® or surgically’ treated CAD 
itially better than what was reported a decade 

ago. Citing data from several randomized con- 

led trials,?-!? some authors have attributed their own 
olled observations to improvements in the 
ment of symptomatic patients. However, recent 

s of annual mortality rates as low as 1.4%/year®” 
present a 76% reduction in annual mortality compared 
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patients who are diagnosed earlier live lon 
gardless of whether interventions are effica 
Because of referral bias, current patients 
sempione or anatomy that piace l them at 


with s survivors of previor 
have slowsr-progressing dis 


such biases before they are ‘compared with 
other. 


to data from the mid-1960s. This percent reducti 

far greater than the change i in national mortality s 
tistics or the reductions in mortality that have be 
reported in any randomized controlled trials 
parable patients. We do not dispute the intr 
curacies of any of the uncontrolled studies from he 
decade, nor do we dispute the contention that most o 
the reported patients have done well. We are conce 
however, when “doing well” is equated with “d in 
better” than patients from different eras or patie 
from different centers in the same era, because st 
comparisons are extremely hazardous. 

The following discussion demonstrates that attem 
to match patients based on 1 or 2 variables su 
number of stenotic vessels or the results of exe 
tolerance tests are inadequate. for a disease 
broad a spectrum of severity as atherosclerot 
Although epidemiologists have often disagreed 
nomenclature, ample methodologic evidenc ndica 
that several distinct types of bias can account for mt 
of the apparent improvement in the prognosis 
symptomatic patients with medically tre 
C AD. 13-18 ; KAN 


Types of Bias in Patient Selectio i 
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ede through a detectable preclinical fed and then has: a symptomatic period with a duration and expression that vary from patient to patient. 
diagnosis i is made during the detectable preclinical period, life expectancy is. longer than if the disease is diagnosed later, even if there is no difference 
the atieaty. of the gpa of the 2 patients (lead-time bi as). The reported natural history of a group of symptomatic patients would also 


are originally entered io a study, some will have rapidly progressive and some will have slowly progressive disease. Because the patients 
rapidly progressive disease spend less time at any given-stage, selecting-patients at a particular stage will tend to over-represent the slowly: 
‘essive patients and thus to make natural history seem betterin a prevalence study than it would in an incidence study (incidence-prevalence 


the severity or the rate of progression of their disease 

nd who thus have different prognoses. The natural 

tory of a particular group of patients with the disease 

l depend upon the spectrum of patients who are se- 
cted for observation. 

ead-time (starting-time) bias: Patients whose 

ase is diagnosed earlier, such as patients whose 

iptomatic breast: carcinomas are discovered by 

amography, may live longer from the time of diag- 

osis simply because the diagnosis was made earlier and 

because any subsequent therapy was effica- 

s.!3-17 Much like many cancers, atherosclerotic CAD 

asa long: natural history, and it includes several phases 

ig. 1). Autopsy studies from the Korean and Vietnam 

$ have demonstrated that atherosclerotic lesions in 

coronary and systemic arterial circulations may be 

nt in the third decade of life.19:2° However, most 

he affected persons will not become symptomatic or 

any signs of CAD detectable by available diag- 

ests for many years. In a prototypical patient 

we speculate that the first diagnosable evidence 

may not be present until a person is approxi- 

0 years old, and an exercise tolerance test, or 

er diagnostic test such as an exercise thallium 

ventricular function test, would show abnor- 

s that are suggestive of CAD. It is assumed that 

s time coronary angiography would also document 

osclerosis, even though the anatomical lesions 

t be sọ severe as to warrant surgical or perhaps 

ical intervention. At some time after the cor- 

ol have been present, t the Patient will ae 


A patient who begins with angina that is. mild and 
present. only with marked exertion will commonly have 
the angina gradually worsen, and the course may be 
punctuated by episodes of unstable angina or myocar- 
dial infarction. A patient who presents anew with a first 
myocardial infarction is likely to have recurrences or to 
have persistent angina after the infarction. Eventually, 
the majority of patients with symptomatic CAD will d 
from their disease and not from some other con 
tion. 

The exact time frames displayed in Figure 1 niay be 
prototypical, but they are by no means representative 
of the course of every patient with CAD. However, iss 
regarding lead-time bias should be relevant regar 
of whether the time spans were contracted or widene 
The basic principle is that most patients have anı 
detectable preclinical phase during which the patholog 
process of atherosclerosis is not diagnosable by 
available technology.!5 This phase is followed b 
tectable preclinical phase during which an exerc 


or some other diagnostic test could reveal eviden 


atherosclerosis before the patient has any sy 
It should be obvious that if patients are enter 
study during this preclinical phase, their natura 


_ should be longer than the natural history of. 
who are entered in the symptomatic phase, reg: 


of whether any interventions were actually effica 
for preclinical patients. Similarly, if patients are en 
during the early clinical phase, such as when. 
minor or an uncomplicated myocardial in 

not resulted in serious: residual: arrhythm 


ventricular dysfunction, their nat 








nd that patients who were b catheterized for severe 
angina during the era of internal mammary artery im- 
plantation had worse prognoses than current patients 
who have minimal symptoms and positive exercise tests. 
This difference in prognosis, based purely on the stage 
of the disease and not on the efficacy of any intervening 
therapies, has been called lead-time bias!415 or start- 
ing-time bias.16:18 

Referral (transition) bias: Another form of bias, 
een termed referral!® or transition!¢ bias, 
the way in which diseased members of the 
population become patients in a particular 
y at a particular hospital. For example, when a new 
diagnostic test or a new therapeutic maneuver first 
becomes available, only the sickest patients are usually 
studied. If the new technology appears beneficial for 
< these patients, its application will commonly be ex- 
panded to include patients who are not as sick. Thus, 
at first, cardiac catheterizations were performed only 
on very symptomatic patients who might proceed to 
internal mammary artery implantations.22-24 The 
natural history of such patients would tend to be worse 
an the natural history of the broader range of patients 
had angina. Once a particular therapy or diagnostic 
dure is believed to be efficacious, the kinds of 
ents who are referred for it-will tend to be less sick 
an the original type of patients with whom the ther- 
apy or procedure was first tried. These patients will have 
an inherently better prognosis than the original group 
of patients, and their better outcome may be due to this 
herently better prognosis rather than to improve- 
ents in management. Referral bias would also explain 
_ how physicians who believe in the efficacy of more 
_ conservative therapies may have a large preponderance 
of patients with better prognoses, simply because pri- 
ary physicians do not send them their most symp- 

ti 

























































Pi 'evalence-incidence (length) bias: A less obvious 
f bias results when one tries to compare natural 
; based on a study of incident cases to natural 
ry based on a study of prevalent cases!®-!7 (Table 
the former situation, the study population consists 
tirely of new (incident) cases of the disease that were 
rolled into the study at the time of diagnosis. Because 
th inherent variability of most diseases, the incident 
will include cases with both short and long survival 
imes. ‘Thus, for example, the Framingham study en- 
lled healthy people who had no evidence of coronary 
ase on- an entry examination and then reported the 
l history of patients who had evidence of the new 
coronary disease on subsequent yearly exami- 


aly a study based on prevalent cases consists 
ts with previously diagnosed disease. Because 
prevalence of the disease depends on both the in- 
nce rate of the disease and on the distribution of the 
times, a study based on prevalent cases will 
show z a greater proportion of cases with longer 
| times. (that i is, slower progressing disease) than 
be seen in a ane based o on incident cases. This 











































TABLE! Relation Between Incidence and Prevalence 





1. incidence = = newly diagnosed patients in a population previ 
free of disease/person-years of follow-up : 

2. Prevalence = proportion of population that has the disease at a oh i 
time 3 

3. Therefore, assuming a constant incidence rate and no change i 
distribution of life expectancies over time, (prevalence/1_ 
prevalence) = incidence X average life expectancy of a diseas 
patient 

4. if prevalence is low, prevalence is about equal to incidence X: a 
erage life expectancy of a diseased patient l 


counterparts with shorter survival times. Because of 
greater proportion of cases with slower progress 
disease, the natural history for prevalent cases 
appear to be better than that for incident cases. 
This prevalence-incidence bias is closely related | 
the length bias that has been described in studies of 
natural history of cancer. In the cancer screening 
erature, length bias exists because slow-growing | 
which are associated with a favorable prognosis, h 
a longer duration in the detectable preclinical per 
than do rapidly growing lesions, which are associate 
with a less favorable prognosis. Therefore, any screet 
during the detectable preclinical period will yield 
over-representation of persons with slow-growing 
sions. This length bias described in the cancer literatu 
and the bias we described in the previous paragra yf 
both result from the selection of prevalent cases el 
in the detectable preclinical period: or in the clin 
period. 
Tt should be emphasized that prevalence-inciden 
(length) bias is distinct from lead-time bias. If the nz 
ural history of CAD cases was determined by using th 
first symptoms of angina as the entry point and if th 
disease could not be detected earlier, then there would 
be no possibility of entering patients at an earlier stag 
and lead-time bias could not exist. However, preva- 
lence-incidence bias could still occur from the com- 
parison of prevalent cases with incident cases. : 
These 3 biases (lead-time bias, referral bias, an 
prevalence-incidence bias), each of which can seeming 
improve or worsen the natural history of a disea: 
(Table II), constitute what might be called selection 
spectrum bias.! If the disease in question has a rath 
long premorten natural history, different physicia 
may see patients at different stages. If a new efficaciou 
therapy seems to be available, physicians may respond 
more vigorously to suggestive signs or symptoms 
will use tests to make the diagnosis sooner. This r 
result in substantial lead-time bias and referral 
when a current series of patients undergoing: any the 
apy is compared with a series of patients seen in.a pre 
vious era. 





Natural History of Medically Treated Coronary 
Artery Disease: 3 Representative Studies. 


Although it is not possible for us to present all of th 
literature regarding the natural history of medic 
treated patients with symptomatic CAD, 3 prototyp 
studies that have reported relatively long follow 

ite to ‘demonstrate ther 











_ Summary of Biases in the Selection of Patients 
n From the Spectrum of Persons With a Disease 





pes of Bias — 









“Effect.on Natural History 





id-time bias Patients who are diagnosed at an earlier stage 

; of the disease live longer; patients who are 
diagnosed at a later stage die sooner. 

Only some diseased persons in a population 
become part of a particular investigator's 
natural history study, and these selected 
persons may have a better or worse 
prognosis than other people with. the same 

i disease. 

hdiderice-peev- Patients who are at any given stage of disease 

: alence bias include some who are progressing rapidly 

and some who.are progressing slowly-—the 

latter will be over-represented in a 

prevalence study and will make natural 

history seem better than it would be in an 
incidence study. 






Referral bias 





the biases discussed above. In 1974, Webster et al?? re- 
orted the natural history of 469 patients who had se- 
re proximal lesions in 1, 2, or 3 major coronary vessels 
at catheterization at the Cleveland Clinic during the 
years 1960 to 1965.?? As the investigators indicated, the 
surgical treatment of CAD was in its infancy during that 
iod, and these patients were treated medically, al- 
though they would be considered candidates for coro- 
nary bypass surgery in 1981. At 6 year follow-up, the 
authors reported a total mortality rate of 20% in 1-vessel 
disease, 40% in 2-vessel disease, and 63% in 3-vessel 
isease. If all patients were pooled, the overall mortality 
ate at 6 years was 39%. The survival data from this se- 
es (Fig. 2) were similar to the annual mortalities that 
were reported by 3 other contemporary studies of pa- 
ents. catheterized for symptomatic CAD. at. other 
ospitals*®-?5 and that were reported by different au- 
rs from the same institution in 1978.26 However, 

patients from all these series tended to have substantial 
ymptoms, at least partly because surgical therapy for 
AD was not well developed in the 1960s, Thus, these 
dies represented the natural history of a group of 
atients who were sicker than the average patients with 
ngina of the same era. 

In 1971, Kannel and Feinleib?! reported follow-up 
ata regarding the new cases of angina that were de- 
tected by yearly screenings of the Framingham popu- 















>50 years with angina pectoris had about a 4% annual 
mortality rate after diagnosis (Fig. 2), a mortality rate 
was noted to be roughly similar to that associated 
survivors of acute myocardial infarction. Although 
on aged >60 and men aged <50 years had more 
nign prognoses,2! the precise data for all such patients 
ere not presented. Thus, the survival curves depicting 
natural history of Framingham men aged >50 years 
rovide the best published data regarding the prognosis 
an unselected spectrum of incident cases of angina 
1a defined population. 

Aost recently, Podrid et al® reported on the prognosis 
















depression during | exercise testing. Because 
peel with such exercise test r : 





lation between about 1949 and 1966.2! Their men aged 


TABLE I Symptomatic Status of Patients at Ent 


-vestigator’s reported duration of exercise using a sta 


> 
ally treated. patients who. had 22 mm S-T “tocol and on the criteria of the. American Heart ; 











PERCENT SURVIVAL 






















0 2 4 6 8 40 
YEARS OF FOLLOW-UP 


FIGURE 2. Survival curves from 3 natural history studies of symp- 
tomatic coronary disease. In the Webster study,?' mortality was very 
high for the-first 3 years, became about 5% /year for years 2 through ee 
5, and then decreased to about 2.5% /year for years 5 through 7. Inthe: 
true incidence’ study reported by Kannel,?° mortality was. only about: 
1.5% /year tor the first 3 years but then paralleled the mortality curve 
of the Webster series. In the more recent study by Podrid et al, mortality : 
was minimal for the first 5 years, but then the mortality curve paralleled... 
the. other 2 curves. Although the natural history of symptomatic CAD 
may in fact be better in 1981 than it was in 1965, much of the difference 
in these 3-curves can be explained by the biases. describen i in the 
text. i 




















multivessel disease, their 1.4% annual mortality rate 
might seem to represent a substantially better natural 
history than what was reported by Webster22 or Kan- 
nel?! Independent of any debates regarding the actual 
coronary anatomy of Podrid’s patients, these patients 
were substantially less symptomatic than were Web- 
ster’s patients (Table ITI). The difference in symp- 
tomatic status can be explained by the different criteria 
by which patients in the 2 studies were referred from the 
larger population of patients with coronary symptoms. 
Webster’s. patients underwent coronary angiography 
during the early era of the procedure because they wer 
sick. enough to be considered for internal mamm 
















Natural History Studies 


“Webster et al? 
(n = 4451) 


41 (8%) 
1 187 (42%) | 
1i 139 (31%) 
V 78 (18%) 


*in Webster’ s study,?? the symptomatic class is as report 
authors using the New York Heart Association criteria (poo 
for patients with 1-, 2-, and 3-vessel disease). For Podrid 
symptomatic class data. are. estimates: made by us ba 







Functional ` 
Class’: 










































































artery implantation. 1 Podrid’s ‘patients, despite their 
positive exercise tests, were considered to be tolerating 
eir symptoms to the extent that the investigators did 
not. recommend angiography during an era when the 
procedure was well established and the surgery that 
might follow was widely agreed to be efficacious for the 
amelioration of symptoms. 

tentions regarding the relevance of lead-time 
erral bias depend in part on the assumption 
nts who have symptoms of angina or conges- 
ilure do in fact have poorer prognoses. This 
ption has been substantiated by the reports of 
‘Webster?2 and Proudfit2® from the Cleveland 
inic and by data from Burggraf and Parker,” from the 
Veterans’ Administration Cooperative study,28 and 
: from Duke University Medical Center.?9 Furthermore, 
_ anumber of studies indicate that the poorer prognosis 
__. associated with advanced symptoms is independent of 
_ the number of diseased coronary vessels.??,28.30.31 
The. selection of sicker-than-average patients by 
Vebster2? and less symptomatic-than-average by 
Podrid® would be expected to result in detrimental and 
rable lead-time biases, respectively, in comparison 
th the true incidence study reported by Kannel.?! In 
ct, a comparison of the survival rate curves from the 
udies (Fig. 2) suggests exactly that: after a lag time 
bout 3-and 5 years, respectively, the annual mor- 
tality rate in both the Kannel and Podrid studies be- 
mes about 5 to 6%/year. In the Webster study, the 
annual mortality rate was very high for the first 2 years, 
ut then became 5%/year for years 3 through 5. By years 
d 7, the survivors in the Webster series had only a 
5% /year mortality rate, which-may be a reflection of 
incidence-prevalence bias. Figure 2 also demonstrates 
potential confusion inherent in quotations of yearly 
tality rate statistics: the yearly mortality rate for a 
oup of patients may vary markedly during different 
nents of the follow-up period. 

ause each of these 3 studies had fewer patients in 
ter years of follow-up than in the earlier years, the 
dard deviation of their later mortality rate figures 
certain. Nevertheless, the parallel portion of the 
ty rate curves in the various studies suggests that 
rly favorable natural history statistics of some 
patients with CAD may be misleading because 
|-time bias and referral bias may have resulted in the 
selection of a patient population that has a very favor- 
le short-term (up to perhaps 6 years) prognosis, 
n the basis of their inherent characteristics and 
re basis of any therapeutic intervention. 
yertinence of lead-time bias and incidence- 
ice bias can be further demonstrated by the 
m follow-up data regarding coronary patients 
ohns Hopkins.°? Using a anatomic CAD severity 
Humphries et al showed that the 53% 5-year 
al rate of patients with severe disease was signif- 
worse than the 91% 5-year survival rate of pa- 
vith moderate disease. However, during follow-up 
through 10, the mortality rate in the group with 
“AD was very low, whereas the mortality rate 
ats in the group with moderate disease was 
byl 10 years after arteriography, the survival 




















D 


jal; 













































rates in the 2 groups were virtually identical. The 
findings suggest that the differences in early surv 
rates were related to lead-time bias and that lead-tim: 
bias can be overcome if the follow-up is long enoug 
The flat portion of the curve from years 6 through 10. 
the patients with severe CAD was also probab 
function of survivor effect: independent of the bias 
that we have discussed, the survivors of a high death 
rate period may often have a much lower subseque: 
mortality rate than the entire cohort had during 
high death rate period. 

These considerations emphasize that series th 
reported a favorable prognosis for selected pa 
followed for only 5 to 6 years may not have a suffic 
duration of follow-up for the lead-time bias to di 
pear. We do not dispute the contention that 
therapies may actually act by delaying rather 
preventing mortality, but any such contentions m 
be shown to be free of lead-time bias. ; 


Suggested Approach to Interpretation of Studie 


There is no doubt that national mortality statis à 
show about a 20% decrease in CAD mortality rates o 
the past 10 years. Similarly, randomized controll 
trials have shown that some medical®!° and surgical 
interventions can reduce mortality rates in sele 
types of patients by about 30%. Although readers shi 
look carefully for lead-time bias, referral bias, and | 
ciderice-prevalence bias in all natural history studie 
these data suggest that they must look especially « c: 
fully at any study whose patients with medically tre 
CAD seem to have >30% reduction in mortality r 
compared with concurrent or historical control serie 

It is important to recognize that the biases that we 
have discussed cannot be negated by demonstrating 
that patients are matched with regard to 1 or 2 partic- 
ular factors. Even sophisticated multivariate matching 
techniques** may not be sufficient if the patients in 
studies have such inherently different prognoses that 
the relevant variables in 1 study are not pertinent to th 
other. Also, most published reports do not provide data 
in a format that allows subsequent investigators to 
perform such sophisticated matching techniques. I 
however, patients can be suitably matched based on th 
spectrum of disease and on their prognostic factors,34"> 
concurrent nonrandomized control subjects’ may 
sometimes provide enough data for interstudy com- 
parisons. Nevertheless, except when they. are con- 
traindicated. by logistics or by expense, randomized 
controlled trials remain the least biased method 
comparing the efficacy of various management stra’ y 
gies, and series based on incident cases in a nonre 
population remain the best way to determine nat 
history. 
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q r E LR STE T OERE EENE SONE, 


Baseline 
anginal therapy 
simplified 


Approximately 75% of angina patients were 
successfully controlled on the starting dosage— 
one Transderm-Nitro 5 


Once-daily application of Transderm-Nitro was shown to provide 
effective 24-hour baseline therapy in the step-care approach 

to angina in a survey* of over 1,000 physicians with more than 
10,000 patients under treatment. 


Orthostatic hypotension may indicate nitroglycerin overdosage; reduce dosage if symptoms 
occur. Nitrates are contraindicated in patients with increased intraocular pressure. Withdrawal 
should be gradual if treatment is terminated. Do not apply to distal parts of the arms and legs. 


For full details, please see the Prescribing Information on the next page. 


*Data on file, CIBA Pharmaceutical Company. 


Transderm- Nitro 


nitroglycerin 


one 10-second application 
provides 24-hour anginal protection. 
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. Simplifies baseline nitrate therapy 










One application provides 
24-hour anginal protection 
















Incorporates the unique, 

= rate-controlling membrane 
_ from CIBA, for precise, 

predictable drug delivery 





"Simple to use, easy to live with 
















ther apeute 5 system is a flat unit designed to pro- 


vide controlled release of nitroglycerin through a 
semipermeable membrane continuously for 24 
hours following application to intact skin. Nitro- 
glycerin (glyceryl trinitrate) isa prompt-acting 
vasodilator for the relief and preverition of 
anginal attacks. Systems are rated to release 





are in sizes of 10 and:20.cm? respectively. 


One-fifth of the total nitroglycerin in the system 
is delivered transdermally to the patient over 24 
hours; the remainder serves as the thermo- 
dynamic energy source to release the drug and 
remains in the system. The rated release of drug 
is dependent upon the area of the system; 0.5 
mg nitroglycerin is delivered in vivo for every cm? 
of system size. 


The Transderm-Nitro system comprises four 
layers as shown below. Proceeding from the visi- 
ble surface towards the surface attached to the 
skin, these layers are: 1) a tan-colored backing 
layer (aluminized plastic) that is impermeable to 
nitroglycerin; 2) a drug reservoir containing 
nitroglycerin adsorbed on lactose, colloidal 
silicon dioxide, and silicone medical fluid; 3) an 
ethylene / vinyl acetate copolymer membrane 
that is permeable to nitroglycerin: arid 4).a layer 
of hypoallergenic silicone adhesive. Prior to use, 
a protective peel strip is removed from the adhe- 
sive surface. 


Cross section of the system: 

Backing 

Drug Reservoir 
Semipermeable 
Membrane 
Adhesive 

Protective Peel Strip 





ACTIONS 

When the Transderm-Nitro system is applied to 
the skin, nitroglycerin is absorbed continuously 
through the skin into the systemic circulation. 
This results in active drug reaching the target 
organs (heart, extremities) before being inacti- 
vated by the liver. Nitroglycerin is a smöoth mus- 
cle relaxant with vascular effects manifested 
predominantly by venous dilatation and pooling. 
The major beneficial effect of nitroglycerin in 
angina pectoris is a reduction in myocardial oxy- 
gen consumption secondary to vascular smooth 
muscle relaxation. and consequent reduced car- 


diac preload and afterload. in recent years there 


has been an increasing recognition of a direct 
vasodilator effect of nitroglycerin on the coro- 
nary vessels. 

in clinical studies transdermal absorption of 
nitroglycerin from a nitroglycerin system 
occurred in a continuous and well-controlled 
manner, for.a minimum of 24 hours. Therapeutic 
effect can be anticipated 30 minutes after appli- 
cation of the system and to be maintained for 30 
minutes after its removal. 


INDICATIONS AND USAGE 

Transderm-Nitro system's indicated for the pre- 
vention and treatment of angina pectoris due to 
coronary artery disease. 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked 
anemia, increased intraocular pressure or 
increased intracranial pressure. 


WARNINGS 

In patients with acute myocardial infarction or 
congestive heart failure, Transderm-Nitro sys- 
tem should be used under careful clinical 
and/or hemodynamic monitoring. in terminating 
treatment of anginal patients, both the dosage 
and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks to prevent 





Sudden withdrawal reactions, which are charac- 


teristic ofall yasoälators i inthe nitrog! ycerin 






in vivo 5 and 10 mg nitroglycerin ovèr 24 hours and 





immediate reliet of anginal attacks. For this pur- ; 
pose occasional use of the sublingual prepara: BS 
tions may. be necessary. ; 


ADVERSE REACTIONS 
Transient headaches are the most common side 
effect, especially when higher doses of the drug 
are used. These headaches should be treated 
with mild analgesics while Transderm-Nitro ther- .. 
apy is continued. When such headaches are 
unresponsive to treatment, the nitroglycerin _ ae 
dosage should be reduced or use of the product. 
discontinued. ones 
Adverse reactions reported less frequently 
include hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and = 
dermatitis. These symptoms are attributable to. 
the known pharmacologic effects of nitroglyc- 

erin, but may be symptoms of overdosage. When. 
they persist. the dose should be reduced or usA ae 
of the product discontinued. 


DOSAGE AND ADMINISTRATION ae 
Therapy should be initiated with application of 
one Transderm-Nitro 5 system to the desired 
area.of skin. Many patients prefer the chest: if : 
hair is likely to interfere with system adhesion or. 
removal, it can be clipped prior to placement. of 
the system. Each system is designed ta remain 
in place for 24 hours, and each successive appli- 
cation should be to a different skin area. Trans- 
derm-Nitro system should not be applied to the 
distal parts of the extremities, 






























The usual dosage is one Transderm-Nitro 5 sys: 
tem every 24 hours. Some patients, however, 
may require the Transderm-Nitro 10 system. 
single Transderm-Nitro 5 system talis to provit 
adequate clinical response, the patient shou 
be instructed to remove it and apply either tw 
Transderm-Nitro 5 systems or one Transderm- 
Nitro 10 system. More systems may be 4 
indicated by continued careful Porrera 

clinical response. ; 


The optimal dosage should be selected base: ; 
upon the clinical response; side effects, andthe 
effects of therapy upon blood pressure. The 
greatest attainable decrease in resting blood 
pressure that is not associated with clinical 
symptoms of hypotension especially during 
orthostasis indicates the optimal dosage. To 
decrease adverse reactions, the size and/or. 
number of systems should be tailored to the indi 
vidual patient's needs. 


Do not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 






























































































HOW SUPPLIED 

Transderm-Nitro 

System. Rated Total : 
Reliase Nittaglycerin System 

in vivo in System Size 
Simg/24 hr 25mg 1G ome 

S mig 26 tir 25mg Wem? 

10 mig/24 hr 50 mg ems o 
Dist. by 

CIBA Pharmaceutical Company 





Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 : 
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The Second Issue of the New Annual providing a multidisciplinary 
approach to the latest, most important information on the state- 
of-the-art of cardiovascular medicine and surgery 








What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 


















` ; . : style fundamental and new information essential to understanding the 

‘e The second in an annual series to be published in the current thinking on managing cardiovascular disease. it coordinate 
; SP RING each year what's new with well-established data, arming the reader with a per- 

© A review of the year’s newest and most important spective on the field which is simply unavailable elsewhere. Its libera 





: ; i r use of illustrations and original tables condenses valuable information 
Hevelop iments in cardiology — 665 papers into instantly understandable knowledge. 
© A multidisciplinary approach to clinical and applied 


research based on an exhaustive search of the year's Reviews of the first edition 


















f literature “recommend...to any reader interested in tha eran: of cardiology. 
_.@ A-unique, cohesive summary of the state-of-the-art, Ve Caen MT ai 


written, not edited, by those making outstanding 


developments i in the field “it is more than merely a reference book, since it explains what to the 
eA practical approach to a complicated and fast-moving average physician may be obscure....a treasure house of 1980 
ubject designed to be read and used daily publications. Iie highly recommended: oes 


New York State J tof 

CARDIOLOGY:1982 is NOT Maine, September 1981 

A collection of unrelated reviews 
os i F “This is an excellent book, very well organized and written...should be. 
in AN abstracting service on the shelf of the library, cardiologist, and internist.” 

‘A rehash of materials readily available elsewhere Mier etc A ME .'s 

Oe iy | 

Yorke Medical Books, Box C-757, Brooklyn, New York 11205 AJCB3 


Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a` 
standing order. 


( Enclosed is my check for ——. Yorke pays postage and handling. 
(Same return privilege) 
(New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U.S. and Canada.) 


O Please bill my © VISA [ MasterCard (same return privilege) 
Exp. date e Card No, M/C Interbank No. 


5 Please bill me plus postage and handling (U.S. and Canadian orders only) 


Name 





Address 

















City/State / Zip ne nent 
celal tenella at eee malas: lac gira wader eae ee ee: 





Pacesetter commitment; 


The Pacesetter Programalith'A-V. Smaller, with more 
sophisticated telemetry, and the first dual-chamber 
pacemaker that not only tells you what it should be 
doing, but also what it is actually doing. 


Multi-programmability, non-invasive monitoring and program- 
ming of six parameters — Pacesetter innovations—are standard 
to the Model 223 A-V. In addition, when coupled with our 
Model 388 Programming/Telemetry System, measured values 
of rate, pulse current, pulse voltage, pulse energy, pulse charge, 
battery voltage and A-V delay can be retrieved as well. And, a 
refined circuitry design results in less battery drain—meaning 
longer life for the pacemaker’s energy system. 


Lead impedance, battery impedance and battery current are 
shown both on the programmer’s digital 

display and on the printout for your 

patient’s permanent record. 


DVI pacing has been shown to be desirable 
for those patients who require more than 
single-chamber pacing (VVI or AAJ), yet 
do not require DDD pacing. In the 
innovative Programalith A-V sequential 
pacemaker, Pacesetter Systems, Inc. has 
created the most advanced such device 
available today. 





Pacesetter’ Systems, Inc. 
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"the classic 
-digitalis-Lasix regimen. — 


furosemi de 


CH pa nton a digitalis-diuretic regimen runs the 


But many patients with impaired renal function are 
articularly vulnerable because their condition may pre- 
spose them to.a toxic accumulation of digoxin. 


< These include the diabetic. The geriatric patient. 
he patient with renal disease. And the patient with 
advanced CHF who suffers from hepatic as well as 
renal complications. 
Add to this group the patient on multiple medica- 
ons with possible drug interactions. 


Conditions like these that increase the risk of digi- 
icity are generally outside the physician’s control. 
-of the most important preventive measures which 
outside the physician’s control are precise titration 
of digitalis, and the consistent use of one diuretic. 


As to the first, the narrow therapeutic-to-toxic range 
italis is well known and requires no elaboration. 


fur OF 


Naturally, increased renal problems necessitate increa 
vigilance to any signs öf toxicity. 


Why the patient should be 
maintained on LASIX® 

The second precaution is the unvarying use of a single. 
diuretic for a given patient (consistent with proper pote 
sium. balance). Thus, if the choice is LASIX®—as it 
most successfully managed CHF cases——the logic behind 
it is beyond debate. LASIX® is the only diuretic for CHF 
whose effectiveness has been confirmed in no fewer tha 
6,000 published papers...which offers the most comp 
range of dosage forms and strengths for precise titra’ 
and is the most widely available brand of furosemide for 
filling or refilling your prescription anywhere in the Uni 
States, In fact, according to a 1980 nationwide survey 
office-based physicians affirmed their confidence in 
LASIX® by naming it as the medication they prescribe 
most frequently in office practice. 


Protect your LASIX® prescription: 
prevent substitution = 
When you prescribe LASIX®, write the phrase “Do 
substitute/’ or whatever your state Feablies on the 
prescri ption. 


if you are in doubt about a particular generic furo- 
semide, call the offices of the Food and Drug 

Administration's Bureau of Drugs, Consumer and 
Professional Relations staff at 301-443-1016. 


Reference: 1. Koch H: Drugs most frequently used in offic ba 
practice: National Ambulatory Medical Care Survey, 1980, Vi 
and Health Statistics of the Nat Ctr for Health Statistics, N 
(May 12) 1982. 

Before prescribing, please consult complete product information, 
a summary of which appears on the following page. ; 
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< TABLETS: 
20,40 &80mg 


ef ADA 


s diuretic of i patia for the 





















































to the individual patient's needs. = => 
INDICA Edema associated with congestive heart failure, 
“CuThosis of the liver ond renal disease, including the nephrotic 
oo Syndrome, Hypertension when used alone or in combination 
c with other antihyperlensive drugs; patients nof adequately con- 
“frolied with thiazides atso probably will not be adequately con- 
« oled with turosernide alone 
CONTRAINDICATIONS: Anuria. History of hypersensitivity 
to.the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with the 
‘possibility of vascular thrombosis and embolism, particularly in 
oo élderly patients. Excessive loss of potassium in patents receiv- 
ing digitalis glycosides moy precipitate digitalis toxicity Exercise 
care in patients receiving polassium-depiating steroids. Perform 
frequent serum electrolyte, CO2, and BUN determinations during 
_ first few months of therapy and periodically thereatter and cor- 
¿rect abnormalities or ternporarily withdraw the drug. Initial ther- 
: apy of patients with hepatic cirrhosis and ascites is best carried 
oo Oubin the hospital Closely observe cirrhotic patients for sudden 
fluid ond electrolyte imbalances thal may precipitate hepatic 
“coma. Supplemental potassium chloride and, if required, an 
aldosterone antogonist ore helpful in preventing hypokalemia 
“and metabolic alkalosis Discontinue furosemide if increosing 
azotemio and oliguno occur during treatment of severe, progres. 
sivé reno! disease. Observe patients regularly for possible blood 
dyscrasias, liver damage, or other idiosyncratic reactions. 
Patients with known sulfonamide sensitivity may show allergic 
reactions. Furosemide moy potentiate the therapeutic etfect of 
other antihypertensive agents. Potentiation occurs with gangli- 
onic of peripheral adrenergic blocking drugs. Exacerbation or 
activation of systemic lupus erythematosus may occur. Furo- 
semide cppears in breast miik if use of the drug is essential. the 
patient should stop nursing. Cases of tinnitus and reversible 
heoring impairment have been reported 
There have.aiso been some reports of cases in which ireversibile 
hearing imparment occurred. Usually olotoxicify has been 
reported when furosermde was injected rapidly in patients with 
Severe impairment of renal function ot doses exceeding several 
: dimes ihe usual recommended dose and in whom other drugs 
<ir known to be otofoxic were given. If the physician elects to use 
High-dose parenteral therapy in patients with severely impaired 
fend! function, controlled intravenous infusion is advisable. (For 
adults, an infusion rate not exceeding 4 mg furosemide per Min- 
ute hos been used.) 
PRECAUTIONS: As with ony effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses and 
a fesiricied solt miake. Patients receiving furosemide shouid be 
observed for clinical signs of fluid or electrolyte imbalance, 
namely hyponatremia, hypochloremic alkalosis, and hypokale- 
mia. Serum and urine electrolyte determinations ore particularly 
important when the patient is vomiting excessively or receiving 
porenteral fluids. Medication such as digitalis may also mflu- 
ence serum electrolyles. Hypakalemia moy develop with iuro- 
semide as with any other polent diuretic, especially with brisk 
diuresis, when cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. interference with adequate oral electo- 
lye iniake will also contribute ta.hypokalemia Digitalis may 
exaggerule metabolic effects of hypokalemia, especially with ref- 
erence to myocardial activity Asymptomatic hyperuricemia can 
pecur and goul may rarely be precipitated. increases in blood 
glucose and alterations in glucose tolerance tests with abror- 
malities. of the fasting and two-hour postprandial sugar. have 
-peen observed, and rare cases of precipitation of diabetes melli- 
tus have been reported. Furosemide may lower serum calcium 
levels, and. rare cases of felany have been reported. Penodic 
Sefum. calcium levels should-be oblained. Reversible elevations 
of BUN may be seen These have been observed in association 
“with: dehydration, which should be avoided, particularly in 
io pafients with renal insufficiency: Patients receiving high doses of 
“salicylates in.conjunction with turasemide may expenence sati- 
cylote. toxicity .at lower doses because.of competitive renal excre- 
_ Jory sites. Furosemide hos a tendency to antagonize the effects 
oftubocurarine and may potentiate the action. of succinyicholine 
Lithium. generally should not be given with diufehcs because 
they reduce its renal Clearance and add o high risk of lithium 
toxicity. Diuretics such os furosemide may enhance the nephro- 
“toxicity of cephaloridine Theretore, turosemide and cephaion- 
dine should not be administered simultaneously. Furosemide 
may decrease arterial responsiveness fo. norepinephrine This 
diminution is not sufficient to prectude effectiveness of the 
pressor agent for therapeutic use. It has been reported in the 
literatore that coadminisiration of indomethacin may reduce the 
“potriuretic and antihypertensive effects of Lasix (furosemide) in 
some patients This effect has been attributed te inhibition of 
prostaglandin synthesis by indomethacin. Indomethacin may 
also affect plasma renin levels and aldosterone excretion: this 
should be borne in rind when o renin profile is evaluated in 
| hypertensive patients, Patients receiving both indomethacin and 
“Lasix (furosemide) should be observed closely to determine if 
the desired diuretic and/or antihypertensive effect of Lasix (turo- 
sëmide) is ochieved 
PREGNANCY; Pregnancy Cotegory C. Furosemide has been 
“shown to cause unexplained maternal deaths and abortions 
“in-tabbits at 2.4 and 8 times the human dose. There are no 
‘adequate ond well-controlled studies in pregnant women 
Furosemide should be used during pregnancy only if the 
potentigi benefi! justifies the potential risk to the fetus 
“ADVERSE REACTIONS: Anorexia, oral and gastric irritation. 
nausea, vomiting, cramping, diorrhea, constipation, jaundice 
Gntrahepatic jaundice), pancreatitis, dizziness. vertigo, pores- 
ihesias, headache, xarthopsia. dlurred.vision, tinnitus and heor- 
ing loss, anemio, leukopenia, agranulocytosis (rare), thrombo- 
.\tytopenid, aplastic anemia (rare), purpura, photosensitivity, 
Tash, urticaria, necrotizing angiitis Cvascutitis. cutaneous vas- 
< Cutis), extoliative dermatitis, erythema multiforme, pruritus 
_-Orihostatic: hypotension may occur-and may be exaggerated 
by alcohol, barbiturates) or norcotics: Other adverse reactions 
“ uinglude:hypergiycemia, glycosuria, hyperuricemia, muscle 
"Spas, weakness, restlessness, urinary bladder spasmi, 
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new book on the silent killer 


TOPICS IN 
HYPERTENSION 


Edited by 
John H. Laragh, MD 


Master Professor of Medicine 
Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 
Hospital-Cornell Medical Center 


644 pages. 36 chapters by 85 
internationally known spe- 
cialists. Illustrated. Compre- 
hensively indexed. $49.00. 
Available on 30-day approval. 








High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply. to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh’s TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. "| 
lt presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 











This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


+ Section 2 deals with new physiologic approaches to 
diagnosis. 





© Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 





* Section 4 considers in detail the more recently intros: 
duced modes of therapy, These new agents presage the 
beginning of a new era of more selective and specific: 
therapy for increasing numbers of patients. arise! 




















YORKE MEDICAL BOOKS AJCBS 
Box C-757, Brooklyn, New York 11205 us 
Send me, on approval, oo copies of Laragh's TOPICS 


IN HYPERTENSION at $49.00. | will consult and read this. new | 
manual for 30 days, then remit only if | consider ita necessa 
addition to my library. Otherwise | will return it without furthe 
obligation. da 





Li Send bill, plus shipping cost. ae 
| Payment herewith. Publisher pays shipping. Same return 
privilege. 

1I Charge my MasterCard ! Visa : 
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CONGESTIVE HEART FAILURE 


ntermittent, Continuous Outpatient Dobutamine Infusion 
the Management of Congestive Heart Failure 


ARK M. APPLEFELD, MD, KATHRYN A. NEWMAN, RN, MS, WILLIAM R. GROVE, MS 
FREDERICK J. SUTTON, MD, DAVID S. ROFFMAN, PHARM D, WILLIAM P. REED, MD, 


and STEVEN E. LINBERG, PhD 


e use of outpatient dobutamine infusions by a 
yall, portable infusion pump in 3 patients with in- 
table congestive heart failure (CHF) is de- 
had. With this therapy left ventricular function 
roved and CHF resolved in each. Tolerance to 


"herapy of intractable CHF is a frustrating clinical 
blem. In addition to repeated hospitalizations, pa- 
ts with CHF have significant early mortality.! The 

past decade has clarified the importance of preload and 
afterload in the pathophysiology of CHF,” and agents 
: manipulate these variables are now widely used.34 
espite their beneficial effects, significant problems, 
is, tolerance or adverse effects, remain with the 
term use of these drugs.? Newer oral inotropic 
6 are investigational and thus are not viable al- 

tives in the management of chronic CHF. 
lobutamine.is an efficacious inotropic agent in the 
rm therapy of CHF. Although tolerance may 
yp to this drug,’ its use is primarily limited by the 
r intravenous administration. We recently began 
nical trial in which 24-hour infusions of dobutamine 
given twice weekly to outpatients with intractable 
jobutamine is given by a portable infusion pump 
model ML6-6) through a chronic indwelling 
catheter (Hickman) surgically inserted in the 
| jugular vein and located proximally to the right 
The distal end of this catheter exits in the 
al area (Fig. 1). Patients are taught proper 
r care including techniques for daily irrigation 


ision of Cardiology (Department of Medicine), the University 
ancer Center, the Departments of Clinical Pharmacy, 
nat the Maryland Institute. for Emergency Medical Services 
rsit aryland Hospital, Baltimore, Maryland. Manuscript 
982; revised: ere received September 8, 


dobutamine was. obviated by giving i infusions | 
weekly. Except for 3 mild infections around | 
catheter exit site, there have been no complicati 
of this therapy in 58 cumulative patient wee 


with saline solution and heparin (total 1,500 units) 
how to aseptically connect the catheter to the in 
pump (Fig. 2). Dobutamine is prepared in normal s: 
solution and the admixed drug placed into the p 
reservoir (total final volume 55 ml) by a pharma. 
Patients connect the pump to the catheter and be; 
infusion: Infusion rates are calibrated to deliver 2 ml, 
After 24 hours patients turn the pump off, disconne 
the system, flush the catheter, and return the pum) 
filling for the second 24-hour infusion. Our initial 
cess with this therapy-—as well as issues raised by 
are the subject of our report. ; 


Case Reports 


Patient I: A 47-year-old woman had acute myocardial 
farctions in 1973 at age 38 years. In 1980 she was admitted 
CHF. Equilibrium-gated blood pool (Medical Data Sy: 
A? modification) radionuclide angiocardiography shor 
left ventricular ejection fraction (LVEF) of 10% at rest 
global dysfunction and 14% on exercise (peak work lo 
kpm). Hydralazine was added and, although efficacious 
1), was stopped when fever developed. Prazosin (2 mg € 
8 hours) was tried but also stopped because of adver 
fects. 

Nocturnal dyspnea developed and the patient was 1 rea 
mitted in December 1981. Resting LVEF was 13%. Dob 
mine therapy (2 «g/kg/min) was begun but the dose was 
creased to 1.5 ug/kg/min when angina and. prematu 
tricular contractions developed. On the latter: dose, the: 
improved hemodynamically, LVEF on radionuclide a 
raphy increased to 27% (Table 1), and the angina and 
mature ventricular contractions abated. After 5 di 
dobutamine infusion, symptoms of CHF had resols ed 
resting LVEF was 27%. A venous access çalhete vas i 





456 OUTPATIENT DOBUTAMINE INFUSIONS FOR HEART FAILURE 





FIGURE 1. Patient with Hickman catheter exiting through skin (1) and 
connected to the infusion pump (Cormed) which is worn over the 
shoulder (2) in a soft padded sling. 





FIGURE 2. A, Closed infusion pump (1) connected to Hickman catheter (3) by tubing 
(2). B, Opened infusion pump. Drug reservoir (4) connects to tubing which is inserted 
through a rotary pump (5). The rechargeable nickel cadmium battery (6) and on-off 


switch (7) are also shown. 


Continuous dobutamine infusions were given 4 days weekly 
in addition to her usual daily doses of digoxin (0.25 mg), fu- 
rosemide (80 mg), and nitroglycerin ointment (3 inches [7.62 
cm] every 4 hours). Over the next 14 days she improved from 
New York Heart Association (NYHA) class 4 to class 2. Three 
weeks after starting dobutamine therapy the patient had fa- 
tigue and an increased jugular venous pressure. LVEF was 
13%; dobutamine therapy was stopped. Ten days later she 
noted mild dyspnea on effort and administration of dobuta- 
mine (1.5 ug/kg/min) was resumed. Five hours later, resting 
LVEF was 22% and the dyspnea had resolved. To obviate 
presumed tolerance, we began to treat her with weekly 48-hour 
continuous dobutamine infusions. During the last 6 months 
on this therapy, she has not been admitted for CHF and re- 
mains in NYHA class 2. Two mild skin infections around the 
catheter exit site were promptly recognized and treated with 
oral antibiotic drugs. 

Patient 2: A 57-year-old man was found to have poorly 
differentiated lymphocytic lymphoma. He was given che- 
motherapy (doxorubicin, total dose 550 mg/m2; bleomycin and 
teniposide) and went into remission. Sixteen months later he 
noted symptoms of biventricular CHF. Therapy with daily 
digoxin (0.25 mg) and furosemide (20 mg) resulted in only 
slight improvement and he was hospitalized. Examination 
showed blood pressure 90/60 mm Hg, heart rate 80 beats/min 
and regular, increased venous pressure, a diffuse left ven- 
tricular impulse, and an S4 gallop. Resting LVEF by 
radionuclide angiography was 15%. After drug trials (Table 
II), dobutamine was started. Resting LVEF was 26% on day 
5 of continuous dobutamine (8 ug/kg/min) infusion and the 
CHF had resolved. He was discharged to receive continuous 
dobutamine 4 days each week. After 1 month of therapy 
tachypnea was noted. Resting LVEF on radionuclide angi- 
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The resting radionuclide left ventricular ejection fraction was dbtained 24 hours after dobutamine infusion was started. 


“Measurements made 60 to 90 minutes after dose. 





i BLE "o Drug Trials in Patient 2 


~Dobytamine 
(ag/kg/min) 


Baseline 8 15 


Blood pressure 96/58 114/74° 108/66 
. (mm Hg : ; 
96 108" 116 


27/13 30/15 31/14 


Baseline 25t FBT 





Nitogiycerin: 


Hydralazine Ointment z 


(mg) , 
Baseline. 
92/60 100/66. 

TE 86 
36/13 = 27/10. 


100/768 


mic measurements were made 60 minutes after dobutamine was started. The radionuclide left ventricular: ‘giection fraction: was obtal f 
er dobutamine therapy (8 ug/kg/min) was begun. On day 5 of continuous dobutamine infusion (8 Hg/kg/mi in), this value’ was 
rate decreased to 72 beats/min and blood pressure remained unchanged after 24 hours on this dose. r 


Measur ments made 2 hours after dose. 


15% and dobutamine therapy was stopped. Seven 
nderwent exercise radionuclide angiography 

j. After this test, 48-hour continuous dobutamine 
re given weekly. Over the last 22 weeks he has 

Y HA class 2 and has had no complications from 


3: A 50-year-old woman had mitral valve replace- 
ricuspid anuloplasty. Over the next 18 months she 
biventricular CHF. She was treated with daily 

25 mg), hydralazine (50 mg every 6 hours), furo- 
), and captopril (25 mg.every 8 hours). The 
actory to therapy and she was hospitalized. 

of dobutamine (3 ug/kg/min) and hydro- 

the mo ing furosemide dose) 

uresis of 45 lb over-3 


ages in ventricular 
fore or during | 
o receive continu- >: 


ous 48-hour dobutamine (3 ug/kg/min) infijaidoa: weekl 
well as daily digoxin (0.125 mg), fuorsemide (240 
drochlorothiazide (50 mg), hydralazine (50 mg every 
spironolactone (150 mg), and warfarin. On this regi 
quality of life improved.. A mild infection at the cathe 
site was gucċessfully tepated with oral antibiotike 
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Several aspects of outpatient continuous dobutamine 
infusions in our patients merit comment. The first is t 
development of tolerance during the prolonged 
infusions. 7 This occurred in 2 patients dur 

r dobutamine ee was man 
























_ Treadmill Exercise Test (12 Minutes, Modified 
Oe Bruce Protocol) in Patient 2 








Total 





Peak Oxygen 
Resting Exercise Exercise Debt 
sod (ml/min) (ml/min) (mi) imi) 
Control (no 216 699 2,804 1,792 
dobutamine) 
Dobutamine 250* 887* 4,808* 1,712 


(Shours, 1.5 
g/kg/min) 


‘Significantly different from control, p <0.05 (paired t test). 


VEF increased, and symptoms were promptly amel- 
jorated. Based on these experiences and previous re- 
ports,”® we now give weekly 48-hour continuous dobu- 
tamine infusions. During 15 cumulative patient months 
there have been no hospitalizations for CHF with this 
herapy. Further, drug tolerance seems to have been 
»umvented and the quality of life in these patients 
has improved. 

_ 'The mechanisms responsible for the sustained clinical 
improvement i in our patients on the days when they do 
not receive dobutamine are uncertain. However, there 
is precedence for these observations. Thus, Unverferth 
et al? noted improvement in myocardial function as 
determined by systolic time intervals and echocardio- 
graphic variables in 20 of 30 and 18 of 30 patients, re- 
spectively, studied 1 week after 72-hour dobutamine 
infusions. In that study, improvement was sustained as 
long as 10 months and has recently been ascribed to a 
conditioning effect of the drug.! Similar effects have 
been noted in dogs.!! 

It is possible that increased accessibility to medical 
care or more aggressive treatment of CHF, or. both, 
rather than the chronic use of dobutamine was re- 
sponsible for the clinical improvement in our patients. 
It seems unlikely, however, that the former mechanism 
played a role. Both patients (Cases 1 and 3) hospitalized 
repeatedly for intractable CHF are well-known to us, 
are assiduous in following their diets and taking their 
medications, and have received care by skilled physi- 
cians for several years. Also, noninvasive data in 2 pa- 
ients; (Cases 1 and 2) showed improvement in left 
ventricular function during dobutamine infusion. The 
role of more vigorous “conventional” therapy is less easy 
to dismiss. However, in patients (Cases 1 and 2) con- 
ntional therapy for CHF was not. dramatically 
anged after dobutamine infusion was started. In 
ient 3, such therapy undoubtedly contributed to— 
our view, does not entirely explain—the clinical 
ment observed after dobutamine was begun. 
nt acceptance of the catheter and infusion pump 
nas been excellent. After a training period each patient 
has willingly assumed responsibility for the care of these 
apliances. The complication rates for the catheter 























“Oxygen Consu ption Before, During, and After _ 





: systema are accep! ably. iw In the e initial 106 catheter w 
insertions in our cancer center there have been only 3 





instances each of bacteremia and thrombosis in 99 — 
granulocytopenic, immunosuppressed patients. In our 


patients there have been 3 superficial infections with | 
the use of this catheter. Each was promptly recognized, 


unassociated with bacteremia, and treated without need 
for hospitalization. While any infection in patients who 
may have valvular disease or a prosthetic valve is cause 
for concern, such risks seem acceptable in the absence 
of suitable alternatives to treat intractable CHF. 


It is obvious that such “unconventional” therapy is; 


not appropriate for every patient who has chronic CHF. 
However, given a willing patient in whom preload and | 
afterload reducing agents have been unsuccessful, 
continuous dobutamine infusion should be seriously > 
considered. The availability of a compact, reliable. 


infusion pump! now allows such outpatient therapy to. 





be given. Tolerance can apparently be circumvented by __ 
administering dobutamine 2 days each week. It is hoped  _ 
that newer oral inotropic agents will become available 


to replace the need for this form of therapy. Until such 
time, however, the continuous intravenous infusion of. 





dobutamine shows promise as an effective form of A 
therapy to improve the quality of life in selected pa- 
tients with intractable congestive heart failure. 


. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history. 
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This study. attempts to determine whether the strated a significant change in R-wave response 
blunted reduction in R-wave amplitude during pro- both treatment groups the change in R-wave 
gressive aerobic exercise observed in adolescents plitude during exercise corresponded with t 
with systemic hypertension could be altered by wave response pattern observed in normoten 
harmacologic therapy to reduce blood pressure. control subjects. These observations indicate 
nty-nine hypertensive adolescents were ran- the altered R-wave amplitude response to exerc 
omly assigned to treatment with either a diuretic, observed in young hypertensive subjects is 
drochiorothiazide, or a centrally acting agent, versible and suggest that the altered R-wav: 
slonidine. After 16 weeks of therapy, casual blood sponse before treatment is relatedtoa ae 
_ pressure was significantly reduced in both groups. cular resistance. : 
Repeat exercise stress testing on therapy demon- 













































Reports have demonstrated that essential hypertension pressure and heart rate at each exercise leve 
_in adolescence is a recognizable entity. 12 Although ad- variation in myocardial function in hypertensi 
-olescent hypertension is mild, little is known regarding lescents, as evidenced by a difference in R-w 
he hemodynamic components of this phase of hyper- sponse to exercise, may reflect. a level of per 
ension. Studies of borderline hypertension in young vascular resistance greater than that of normo 
dults have demonstrated an increased cardiac index subjects. Other possible explanations for the differe 
ncreased left ventricular ejection rates consistent in R-wave response in hypertensive subjects we 
th high cardiac output. However, some young adults trinsic myocardial dysfunction or excessive sympath: 
th mild hypertension have increased vascular resis- stimulation. The objective of this study was to 
ce or a combination of increased resistance and high mine whether the R-wave response to exercise i 
ardiac output.>* More recent investigations on ado- pertensive adolescents could be altered by pharm: 
escents with mild hypertension using noninvasive logic intervention directed at lowering the blood 




































ethods report myocardial hypertrophy and altered sure. 
“myocardial function. These observations suggest in Methods 
‘some. cases the presence. of an increase in peripheral : 
ascular resistance.”® In a previous report we investi- Twenty-nine hypertensive participants aged 13t to 19 ye 







ed the change in R-wave amplitude during aerobic who completed the program, constitute the study gr 
‘in adolescents. Normotensive adolescents de E aperar theron Logis ue al 

ee rated k oe in R- ~i e pie excluded secondary causes of hypertension. Additio 
Bye exes reel ine nsive P escon i it i participants were unresponsive to nonpharmacologic 

monstrate a. similar decrease in R-wave amplitude sures for blood pressure reduction. Normotensive contr 
h pr ogressive exercise despite higher systolic blood adolescents were healthy adolescent male subjects, all of who 
had casual seated blood pressure below the 90th percentile f 

ae age. Written informed consent on an institutionally appr 
the Department of Pediatrics, Medicine, and Likotf Cardiovascular protocol was obtained from all participants before exe 


te, Hahnemann University, Philadelphia, Pennsylvania. Manuscript 
ed May 5, 1982: bition Sere received hree 25, 1982, testing and therapy were initiated. The first phase c 
j August 27,1982: f ment for the hypertensive participants was pla bo ther 
ints: Bonita Falkner, MD, Department of Pediatrics, for 4 weeks. During the placebo phase, dy 
sity, 230 North Broad Street, Philadelphia, Penn- _ testing was performed; after the placebo period, 
. De ee ges MEK was s tabdomized into 1 of 2 treatment groups 


























































E Pasoline Values of Hypertensive and Normnatenelve Subjects 





Group CEAR Group 2(n= 14). 














Noriaterisive 
Control Subjects : Hypertensive Hypertensive : 
(n= 26) HCTZRx Clonidine Rx D 
16.44 14 WA t7 15:5 + 1.8 
72.04128 76.0 19.8 77.0 + 19.8 
173.0 Æ 10.0 a 168.1 12.9 170.5 + 13.0 
i ic pressure (mm Hg)" 125 ` +14.0 Pre 145 ob 6.7 145 +13.4 
K ‘s Rx 138 + 11.5 < 0.05 133 + 9.7< 0.01 
| pressure (mm Hg)* 76 + 9.7 Pre g7 + 7.3 99 + 6.7 
ae Rx 91+ 6.7 <0.05 87 + 6.9<0.001 
tate (beats/min)* 68 + 9.1 Pre 85. + 10:4 83 + 10.4 
i i Rx 77 +. 7.0 71 + 7.2 














: 4 one ta 
asurements reflect the average of these determinations for each subject in a seated position. 
vee = hydrochiorothiazide; Rx = treatment. 


uretic, hydrochlorothiazide, atan initial dosage of 25 mg of each stage of exercise, and through the recovery period of 

daily. Group II received. a centrally acting antihyper- 10 minutes. Heart rate was obtained at baseline and at 1o 
e agent, clonidine, with an initial dosage of 0.1:-mg twice minute intervals throughout the study by a Quinton oscillo- = 
After 12 weeks of this low dose therapy those patients scope electrocardiographic monitor. The electrocardiogram = 
ad not achieved blood pressure treatment goals of less was monitored continuously and a V; tracing was obtained at 








ian the 90th percentile were changed to a larger dose con- 1 minute intervals. In the recovery period measurements of 

sisting of hydrochlorothiazide 50 mg twice daily or clonidine blood pressure and heart rate were obtained with the subject | 

0.2 mg twice daily. Those who had achieved blood pressure in a seated position. As previously described,’ the R-wave 
tment goals at the low-dose continued therapy.at the same amplitude was measured from the isoelectric line to the peak 
age. Dynamic exercise testing was repeated at 16 to 18 of the R wave in millimeters and averaged from 10 consecutive 


weeks of therapy. Total period of therapy for all participants beats. The average amplitude at the second minute of each 


24 weeks. exercise state was then used as the R-wave amplitude for that. 
he method for exercise stress testing is similar to that stage of the Bruce protocol. The difference in R-wave ampli- 
reviously described.? After a period of rest and instruction tude from the resting R-wave amplitude in the standing po- 
participant underwent a progressive maximal treadmill sition was computed as the change i in R-wave amplitude for. 





according to the Bruce protocol. A target heart rate of 200 each level of progressive exercise. 
/min was used as the predicted end point of exercise. Pre- and post-treatment data were analyzed for significan 


lood pressure was obtained by standard auscultation using by the paired t test. Change in R-wave amplitude during ex. n 

mercury column sphygmomanometer with an appropriate ercise was evaluated by regression analysis. Normotensive and 
cuff. Thus, blood pressure was determined at baseline in hypertensive exercise response data were compared by a 2 
standing position before exercise, at the second minute tailed t test, : 


No Treatment 
Clonidine 
HCTZ 
Normals. 


"RPP X 104 car ee 
A R-Wave (mm) 


Base h 1 2 3 4 5 — Ro Rr Rg Rio 


RPP x 104 


Stages of Bruce protaval 


: eft anel, the product of the systolic blood pressure X heart rate (APP X 104) at bach: stage of exercise and during the recov 
8 significantly reduced with clonidine and hydrochlorothiazide (HCTZ) treatment through stage 2 (p:<0.01). Rig 
mplitude versus product of the systolic blood pressure X heart rate r 10%). The rarrelation cgefficier its | 
sts RPP = =O, ae An + r 81 Hrarochjorotnjazide P RPP AR 





a R-Wave Amplitude During Exercise” 





Group I: Hydrochlorothiazide 





Pre Rx Post Rx 


Group Ik Clonidine 





Post Rx: 








mbers liea mean of absolute value for R-wave amplitude in millimeters. 


Results 


Thirty adolescents who fulfilled the criteria for sus- 
‘tained hypertension participated in the treatment 
_ program. All subjects demonstrated a satisfactory level 
of compliance in taking medication as checked by pill 
unts. Fifteen adolescents, 9 male and 6 female, were 
ated with hydrochlorothiazide (Group I). During the 
second exercise test all were taking hydrochlorothiazide 
yg twice daily. Group H, consisting of 15 adolescents, 
ived clonidine. Exercise testing was complete in 14, 
uding 12 males and 2 females. One male adolescent 
s unable to complete the exercise protocol because 
of exercise-induced asthma. On repeat testing during 
erapy, 5 subjects were receiving clonidine 0.1 mg twice 
daily and 9 were receiving clonidine 0.2 mg twice daily. 
ter 14 weeks of therapy significant blood pressure and 
neart rate reduction had been achieved. 

_ Table I provides the mean age, weight, and height as 
well as the casual seated blood pressure and heart rate 
before and during treatment at the time of repeat ex- 
ercise study. There is no difference in age, height, and 

ht in the 2 treatment groups. Also, the age and body 
he hypertensive subjects are similar to those of 
normotensive control group. 

g graded treadmill exercise there was a pro- 
essive increase in systolic pressure and heart rate in 
| subjects. The left panel of Figure 1 depicts the 

ct of systolic blood pressure and heart rate (SBP 

) during exercise in normotensive, untreated hy- 
‘tensive, and hypertensive subjects i in the two treat- 
ment groups. SBP’ X HR is greater in untreated hy- 
ensive subjects throughout the exercise. During 
ment SBP X HR is significantly reduced (p <0.01) 
ir to normotensive control values in the early 
exercise in both treatment groups. After ex- 
stage II of the Bruce protocol, SBP X HR of the 
hypertensive subjects is less than pretreatment 
es, but the reduction is not in a range of statistical 
ificance. The right panel of Figure 1 depicts the 

ation of change in R-wave amplitude with SBP x 

the same groups. 
motensive control subjects demonstrate a pro- 
decrease in R-wave amplitude which correlates 
reasing product (r? = 0.88, p <0.01). In hyper- 
only at er exercise does the R-wave 
ase (r? = 0.33, is not significant). During 


therapy the correlation of change in R-wave am 
with SBP x HR is similar to that. in normotensiv 
trol subjects in both treatment groups (group [: 
0.98, p <0.001; group II: r? = 0.91, p <0.005). Corre 
tions of R-wave amplitude change with both systo 
pressure and. heart rate resulted in a similar patter 
Table II presents the absolute values of R-wave am 
plitude during exercise for the 2 treatment groups. 
to variation in R-wave amplitude within groups 
variations in electrode placement between exercise: 
the change in R-wave amplitude during exercise v 
used for analysis of the R-wave response to exerci 
Figure 2 provides. data demonstrating the change 
R-wave amplitude at each exercise level. On there 
hypertensive subjects as a group demonstrate a decre: 
in R-wave amplitude with graded exercise similar 
response observed in normotensive subjects. The ch 
in R-wave response during treatment in both grou 
similar and significantly different by 2-way analysis 
variance from.the pretreatment R-wave responie 3 
exercise (p <0.01). 


Discussion 


These results demonstrate a blunted decrea 
R-wave amplitude in response to aerobic exerci 
untreated hypertensive adolescents. The R-wav 
sponse to exercise appears to normalize after appr 
mately 16-weeks of antihypertensive therapy with eit 
hydrochlorothiazide or clonidine. Previous reports 
dicate that changes i in the amplitude of the R 
during exercise may be a more sensitive indication 
myocardial dysfunction in adults.!° Failure of 
ischemic ventricle to eject its volume during strenu 
aerobic exercise may be responsible for absence o 
usual reduction in R-wave amplitude. 112? R-wave a 
plitude change was studied previously in a group 
hypertensive adolescents. Compared with age- a 
weight-matched normotensive subjects, hypertens 
subjects did not manifest the decrease in R-wave 
plitude with progressive exercise.’ Because of the youn 
age and the absence of any clinical signs of significan 
cardiovascular disease in these hypertensive juven 
subjects, mechanisms other than ischemic myocardie 
dysfunction must be present to account for the d 
ence in R-wave amplitude response to exercise 

This difference in R-wave response was 
served i in a group of hypertensive adolesce 
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Hypertensives: 
Untreated s 
Treated a 
Normotensives « 


initiation of pharmacologic therapy to decrease blood 
pressure, Chronic pharmacologic therapy resulted in 
gnificant blood pressure reduction in both treatment 
groups. Diastolic pressure reduction on clonidine 
herapy was highly significant. The effect of hydro- 
lorothiazide on diastolic pressure was less, but at the 
ime of repeat exercise testing the diastolic pressure 
reduction in the seated position was significant. 
- Therefore, there was a generalized reduction in blood 
_pressure in both treatment groups during the 16 weeks 
_of therapy before the second exercise test. With therapy 
the systolic pressure and heart rate response during 
progressive exercise was lower in both treatment groups. 
imilarly, the product (SBP x HR) was atso lower 
ring therapy, but these values were still greater than 
ose of the normotensive control subjects particularly 
2xercise became more strenuous. Exercise capacity 
vas unchanged after therapy. Each subject was able to 
exercise to the same level on therapy as they had before 
eatment. 

Hemodynamic studies in hypertensive young adults 
monstrated an increased cardiac index and increased 
left ventricular ejection rate.!3!4 The higher systolic 
‘essure and heart rate in hypertensive adolescents 
ring exercise before therapy relative to those of nor- 
otensive subjects matched for age and body size would 
consistent with a hyperkinetic cardiovascular state. 
The hyperkinetic state of borderline hypertension is 
aracterized by an increased cardiac output, increased 
ood pressure, and normal peripheral vascular resis- 
ce.!5 This phase i is unlike later hypertension i in which 
iac output is normal, blood pressure is increased, 
d vascular resistance is increased. It has been sug- 
ed that vascular resistance is inappropriately nor- 
early hypertension, when vascular resistance 
d be lower to offset the increased cardiac 

16 













































ges in left ventricular mass have been reported 
ly phases of hypertension which may be rela- 











emodynamic function.'718 Echocardiographic. 
sin. ome mildly hypertensive adolescents dem- a 
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FIGURE 2. The mean R-wave amplitude change at each ` 
stage of progressive exercise. Left panel, normotensive 
control subjects, all untreated hypertensive subjects as 

a group, and all hypertensive subjects before and after. 
treatment. Middle panel, the R-wave response before and... 
during hydrochlorothiazide therapy. Right panel, the Re 
wave response before and during clonidine therapy. 


onstrated decreased left ventricular diastolic volumes, ° 
increased posterior wall thickness," increased ven- 
tricular septal thickness, and increased cross-sectional 
muscle area and mass.®® These observations suggesta o 
relative state of left ventricular hypertrophy. Echo-  ~ 
cardiographic studies in the young have demonstrated 
alterations in indexes of left ventricular mass. No 
funetional-abnormalities of the myocardium have been 
demonstrated by echocardiography. However, these 
echocardiographic reports in the young do suggest 
myocardial involvement in the very early stages of hy- 
pertension. The change in R-wave amplitude during: 
progressive aerobic exercise is a measure that can be 
directly related to myocardial function. o 
Hypertensive adolescents manifest an R-wave re ee 
sponse pattern quite different from that of normoten-. —__ 
sive control subjects.’ Furthermore, pharmacologic ~ 
therapy, which imposed an extended period of blood’ 
pressure reduction, resulted in normalization of the — 
R-wave response to exercise despite levels of blood . 
pressure which, although significantly reduced, are e still 
not in the normotensive range. 
In this study the normalization of the R- -wave re 
sponse to exercise may be due to a direct drug effect 
the myocardium or indirectly to the hemodynamic ef 
fects of a lower blood pressure per se. The 2 differer 
pharmacologic treatments had approximately the sam 
effect in altering the R-wave response, although 
antihypertensive mechanism differed. The centrall 
acting agent, clonidine, is a central alpha agonist 
diminishes peripheral sympathetic activity. Th 
uretic hydrochlorothiazide results in salt and volu 
depletion and alters vascular sensitivity to sympathe 
stimuli.?! The degree of sympathetic nervous syst 
activity involving the myocardium could not provide 
explanation for the change in R-wave response. Basel 
levels of plasma catecholamines dissociated in the 2 
treatment groups after therapy. Resting. plasma nor- 
epinephrine levels increased in the hydre 
zide-treated group and decreased in | 
22 








































-wave response was observed | in the beanies of beta: 


blocking agents that directly affect the myocardium. 
“herefore, it is hypothesized that normalization of the 
R-wave Tesponse to exercise observed in both treatment 
groups is related to the chronic hemodynamic effect of 
oth treatments in lowering peripheral vascular resis- 


"hese observations need to be supported by further 

in young hypertensive subjects using other 

ogic and nonpharmacologic measures. 

r, the findings do suggest the presence of vari- 

is of myocardial function in young hypertensive 

bjects. These variations appear to be reversible, and 

the results of this study suggest that the blunted R-wave 

_response to exercise before treatment may be related 

tọ an increased, or inappropriately normal, vascular 
resistance. 
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o Eeaiate the role of the vasoactive prostaglandins 

ostacyclin and thromboxane Az in essential hy- 
_pertension, the stable metabolites 6-keto-PGF ,,, and 
thromboxane Bz, respectively, were measured in 
_plasma before and after therapy in 7 patients. During 
e placebo phase, plasma 6-keto-PGF,, levels 
ere significantly greater than normal. Plasma 
romboxane B, levels were not statistically dif- 
rent from those in normal subjects. After intrave- 
10us administration of labetalol to the point of blood 
rersure reduction, neither plasma 6-keto-PGF,, 
















Since the discovery of prostacyclin and thromboxane 
1-3 these very labile prostaglandins®+ have been 
plicated i in many cardiovascular diseases. The former, 
nthesized mostly in vessel walls, has potent vasodi- 
latory and platelet aggregation inhibitory properties. 5 
he latter, synthesized mainly in platelets,” is a pow- 
ful vasoconstrictor’ and potent platelet aggregant.? 
ecent evidence has demonstrated that prostaglandins 
may also be involved in the regulation of blood pressure. 
he drugs interfering with cyclooxygenase activity have 
Jeen reported to decrease the effectiveness of antihy- 
pertensive therapy.?-!! Some investigators have de- 
ribed a decrease in urinary metabolites of prostacyclin 
hypertensive subjects which suggests an imbalance 
prostacyclin-thromboxane As equilibrium in favor 
the latter.!? Impaired renal production of prosta- 

din Eç in essential hypertension has also been re- 
ted.!? Vessels from spontaneously hypertensive rats 
been shown to generate unusually large amounts 
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placebo phase, the intravenous labetalol phas 
oof oral il labetalol phase. 


nor thromboxane B; values changed. With prolonged 
oral labetalol therapy and concurrent regulation of. 
blood pressure, a significant decrease in plasma 
6-keto-PGF,, levels occurred while thromboxane a. 
Bz values remained unaltered. Elevation of plasma | 
6-keto-PGF,, in untreated hypertensive subjects aa 
suggests that enhanced vessel wall prostacyclin: 
synthesis may be a protective mechanism to prevent. 
organ damage. As blood pressure is controlled this 
increase is no longer needed, and prostacyclin 
generation returns to normal. 
















of PGIy.'4- Whether a similar phenomenon occurs in 
human subjects is not known. 

This study was designed to evaluate the role of ~~ 
thromboxane Az and prostacyclin in hypertensive 
subjects before and after antihypertensive treatment 
with labetalol, which is an alpha- and beta- adrenen 
ceptor blocking drug. 1647 


Methods 


Patients and study protocol: We evaluated 7. hyper 
men, aged 44 to. 68 years (mean + standard error of the m 
54 + 7). Diastolic blood pressure was 95 mm Hg or higher afte 
the patients had been untreated for at least 2 weeks. All se. 
ondary causes of hypertension were excluded. Other'exclusion 
criteria were lung disease, symptomatic coronary heart dis 
ease, malignant hypertension, and cerebrovascular or 
impairment. No concomitant antihypertensive, platele 
active, or prostaglandin-active drugs were permitted du 
the study, All patients gave a written informed conse! 
proved by Institutional Review Committees. 

After a 2-week placebo phase, subjects were’ hospitali 
and intravenous labetalol (0.5 to 1.0 mg/kg) was administe 
to achieve at least 10 mm Hg reduction in diastolic bl 
pressure. ‘The subjects were then discharged on oral labe 
and readmitted for a second evaluation 6 weeks later. D 
long-term labetalol treatment, they were followed up on a 
weekly basis and given increasing doses of labetalol unti 
propriate blood pressure control (diastolic preseur <90. 
Hg) was obtained. { 

Blood collection: Blood samples. were colle 
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_Hemedynamic Ettects oth Acute Intravenous. wv) and Long-Term Oral Labetalol i Therapy in Hypertensive 





Placebo 
Phase 


Acute IV ~ Long-Term 
Labetalol Oral Labetalol ; 





Heart rate (beats/min) 7743 
ystolic blood pressure 162 6 


(mm 
iastolic blood pressure 98+ 4 
! 8.6 + 1.0 
40+ 0.4 
1,240 + 184 


M144 6444" 
134 +6! 138-461 


80 + 3t 
8.2+0.9 
3.8 + 0.3 
901+ 184" 


p <0.05 versus placebo phase. t p <0.01 versus placebo phase. t p <0,001 versus placebo piana; 


discarded, then 4 ml was gently withdrawn in a polystyrene 
ringe and immediately transferred into a tube containing 
pirin and ethylene diaminetetraacetic acid (EDTA) (1 ml) 
C. The tube was centrifuged at 150 g for 8 minutes and 
sma was transferred for 6-keto-PGF), and thromboxane 
determinations. 
mboxane B and 6- keto-PGF,., determination: 
sma thromboxane Bs and 6-keto-PGF,,, were measured 
dioimmunoassay as previously described.!®!9 Lyophi- 
standards, ?H-thromboxane:By and 3H-6-keto-PGF,,, 
he antibodies raised in rabbits were obtained from New 
ngland Nuclear, Boston, Massachusetts. With use of this 
thod, the cross-reactivity of thromboxane By antibody with 
er prostaglandins was as follows: PGE» 0.2%, PGA» 0.2%, 
< <0,2%, and 6-keto-PGF;,, <0.2%. The cross reactivity 
to-PGF | antibody with other prostaglandins was as 
lows: PGFs, 2.7%, PGE. and TXB» <0.1%, PGA» 0.1%, and 
A; <0.3%. The results for both 6-keto-PGF,, and throm- 
ne Bo were expressed in pg/ml. 
Normal values: Normal values for plasma 6-keto-PGF,, 
i thromboxane By were determined in venous blood sam- 
thdrawn from 23 healthy subjects (mean age 47 + 7 
Blood was withdrawn from the antecubital vein, 
ourniquet pressure: The samples were collected and 
-in the same manner as described for the patients. 
stical analysis: Results were expressed as mean + 
error of the mean. Student’s ¢ test (paired and un- 
data), the Kruskal-Wallis rank sum test, and Wilcoxon 
ank sum tests were used for comparison. Data were 
ed with regard to relation between changes in prosta- 
alues and the blood pressure (systolic, diastolic, and 
by regression analysis, Data were also analyzed to 
ify any relation between blood pressure levels and 6- 
GF; concentrations before and after treatment. A p 
0. 05 was considered significant. 


Results 


lol and hemodynamic effects: The hemo- 
ffects of labetalol are summarized in Table 
enous labetalol (mean dose 0.6 mg/kg) resulted 
in plasma level of 105 + 21 ng/ml of plasma. 
is dose, mean blood pressure was lower in each 
, but cardiac output and heart rate were un- 
ged. The systemic vascular resistance (mean ar- 
ressure X 80/cardiac output) decreased signifi- 
<0.025). With oral labetalol for 6 weeks (1,200 

i hjects and 800 mg/day in 4 subjects), 

le Ë 176 + 59 ng/ml were obtained. 


Diastolic and systolic blood pressures showed al 
decrease of 16 and 24 mm Hg, respectively. The he 
rate decreased significantly. Cardiac output decre 
in 6 patients and increased in the. remaining pat 
Systemic vascular resistance increased in 4 and 
creased in 8 patients. Changes i in cardiac output: 
vascular resistance were not significant compared 
the placebo phase. 

Thromboxane B, concentrations (Fig. 1): Pi 
thromboxane By concentrations in hyperte 
subjects in the placebo phase showed a wide va 


PLASMA TxB AND 6-KETO-PGF o 
IN NORMAL AND HYPERTENSIVE SUBJECTS © 


TB; 


Plasma Concentrat ions (pg/mi) 


P VORAL 
LABETALOK:, 


(A 
HYPERTENSIVE 
SUBECTS 


FIGURE 1. Plasma TXBz.and 6-keto-PGF 4u concentrations: in nor Yi 
and hypertensive subjects. TXB, levels did not ditfer in the 2 populati 
Plasma 6-keto-PGF,, levels were higher in hypertensive subjects t 

therapy, and decreased significantly with long-term. antihyperte 
therapy. Data are sparen on as mean + slandardo error of 

vo = intravenpus: : ; A 









atient with very high plasma thromboxane Bo con- 
centrations; 1,220 pg/ml, continued to exhibit these high 
concentrations after short- and long-term labetalol 
administration (570 and 840 pg/ml, respectively) and 
on another occasion after discontinuation of labetalol 
,100 pg/ml). The mean plasma thromboxane B» con- 
centrations in hypertensive subjects in the placebo 
hase were similar to those in the normal volunteers 
) + 35 pg/ml). After short-term intravenous and 
g-term oral labetalol administration, the mean 
ma thromboxane B» concentrations decreased to 
0 + 76 pg/ml and 215 + 132 g/ml, respectively. None 
these values were significantly different from each 
her or from the normal values. 
‘Concentrations of 6-keto-PGF,,, (Fig. 1): In the 
normal subjects, 6-keto-PGF,,, concentrations were 
extremely low: they were undetectable in 7 subjects, and 
e mean value was 64 + 14 pg/ml. In contrast, 6 hy- 
rtensive subjects in the placebo phase had detectable 
markedly elevated plasma 6-keto-PGF,, concen- 
ations (range 190 to 500 pg/ml), and 1 patient had 
detectable concentrations throughout the study. The 
mean value was significantly higher in hypertensive 
subjects than in the normal volunteers (321 + 67 versus 
64 + 14 pg/ml, p <0.01). With immediate decrease in 
ood pressure after intravenous labetalol administra- 
tion, plasma 6-keto-PGF,, concentrations decreased 
in only 2 patients compared with the placebo phase, but 
were still very high (range 0 to 550 pg/ml, mean 344 + 
82 pg/ml; difference not significant compared with the 
placebo phase). With prolonged oral labetalol therapy 
and blood pressure reduction, plasma 6-keto-PGF,, 
concentrations showed a significant decrease from the 
jlacebo phase in all 6 patients (range 0 to 500 pg/ml, 
mean.179 + 74, p <0.05) or from the short-term intra- 
venous phase (mean 179 + 74 versus 344 + 82 pg/ml, p 
<(0.05). These plasma 6-keto-PGF,, concentrations 
after oral therapy and prolonged blood pressure re- 
duction did not differ significantly from those in the 
rmal subjects. 
Analysis of data showed no significant relation be- 
ween levels of 6-keto-PGF,, and blood pressure before 
and after treatment. Similarly, there was no correlation 
between changes in plasma concentrations of 6-keto- 
PGF,,, and reduction in systolic, diastolic, or mean ar- 
erial pressure. 

















Discussion 


Increase in prostacyclin in hypertension: This 

shows that enhanced prostacyclin but normal 
mboxane A» synthesis is present in patients with 
ential hypertension. With acute reduction of blood 
essure, no significant changes in plasma concentra- 
ns occur. However, after prolonged treatment as the 
od pressure is controlled for several weeks, prosta- 
cyclin metabolite in plasma decreases. Because 6- 
eto-PGF,,, is a major metabolite of prostacyclin, in- 
reased levels in the untreated hypertensive subjects 
could imply either enhanced degradation of prostacyclin 

th subsequent increased synthesis, or a primary in- 











ange 82 to 1,290 pg/ml, mean 318 + 183 pg/ml). One 7 creases in its metabolite concentration in plasma. The | 


| prostacyclin synthesis with concomitant in- subjects; this may be a protective mechanism against 








latter hypothesis is supported by animal experiments . 
that demonstrate enhanced basal prostacyclin synthesis 
by vessels from spontaneously hypertensive rats. !415 
The fact that plasma 6-keto-PGF,,, concentrations re- D 
turn to normal after prolonged antihypertensive ther- 
apy leads us to believe that enhanced prostacyclin 
synthesis by vessel walls in hypertensive patients may 
be a protective mechanism against organ damage. As 
blood pressure is adequately controlled, this compen- 
satory mechanism is no longer necessary, and the 
prostacyclin synthesis by vessel walls may gradually 
return toward the normal state. In agreement with this 
“protective mechanism” concept is the observation that 
in stroke-prone, spontaneously hypertensive rats with 
an increase in vascular prostacyclin synthesis, prosta- < 
cyclin-synthesizing capability is lost just before the 
evolution of stroke. !4 

Mechanism of increased prostacyclin synthesis: 
The mechanism of enhanced prostacyclin synthesis is 
still unclear. It is known that prostacyclin synthesis 
increases markedly with trauma2® and increased in-  .., 
travascular stress.!4:!5 Stress states such as exercise, 21 
smoking,”” ischemia, and venous stasis? also cause an 
increase in prostacyclin synthesis. Whether labetalol 
itself affects PGI, generation is not known. However, ee 
we observed no change in plasma 6-keto-PGF,, with. _ 
intravenous labetalol administration. With prolonged © 
antihypertensive therapy, a marked decrease in blood _ 
pressure was accompanied by a decline in 6-keto-PGF;,,, 
levels. It is tempting to postulate that a new state Of 
prostacyclin synthesis develops with prolonged anti- 
hypertensive therapy. Although plasma concentrations Lee 
of labetalol with oral therapy were similar to those with. ek 
short-term intravenous administration, direct effects: 
of labetalol on prostacyclin synthesis and release cannot. 
be excluded. We found no correlation between decline 
in plasma concentrations of 6-keto-PGF;,, and decrease 
in blood pressure. Further studies are needed ina large. 
number of patients to determine whether the decrease 
in plasma 6-keto-PGF,,, concentration is observed with 
other antihypertensive drug regimens and if plasma 
6-keto-PGF,,, concentrations correlate with changes in 
blood pressure. aE A 

Platelets and thromboxane A, in hypertension: __ 
In some previous studies, certain platelet function 
variables have been reported to be abnormal in hyper- 
tensive patients.” These abnormalities may be cor- 
rected with control of blood pressure. However, plasma 
thromboxane By» concentrations in the normal rang 
treated or untreated hypertensive subjects as see 
this study do not suggest a primary role for thrombo3 
ane A» in the genesis of essential hypertension. Inar 
cent study, Frishman et al?® administered labetalol | 
patients with angina pectoris and hypertension, but 
failed to observe any significant antiplatelet effects of 
labetalol. This is in agreement with our observations of - 
unchanged plasma thromboxane By concentrations in | 
hypertensive patients. ; TaT 

Implications: We therefore conclude that prosta 
cyclin synthesis is increased in hypertensive human 

































rgan damage. Increase in prostacyclin synthesis occurs 

most probably in response to decreased blood flow and 
increased intravascular stress. As blood pressure is de- 
creased, prostacyclin synthesis returns to normal levels. 
However, as in other biologic systems, the adjustment 
f vascular tone and regulation of prostaglandin syn- 
hesis by vessel wall does not occur immediately. 


. ‘ledgment: We thank Pamlette E. Kinsey for sec- 
assistance. 
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ing equilibrium radionuclide angiography, an 
luation was made of the response of left ven- 
cular ejection and filling rates at rest and during 
ute increases in afterload in 8 normal volunteer 
bjects and 10 patients with previous transmural 
yocardial infarctions. Using the postatropine point 
comparison, normal patients increased ejection 
e and decreased peak ejection rate (—3.90 + 
49 vol/s to —3.41 + 0.95 vol/s) and peak filling 

(3.94 + 0.88 vol/s to 3.51 + 0.38 vol/s). Infarct 
atients had similar responses, although all indexes 
were lower than the corresponding values in the 
iormal subjects. At rest, the ratio of peak filling to 
















imerous investigators have recommended the use of 
eft ventricular velocity and acceleration indexes of left 
ntricular performance.!~7 These variables are difficult 
measure noninvasively and are influenced by changes 
the compliance of the arterial vasculature and by 
c flow dynamics.“ Difficulties with measurement 
these variables have led others to investigate the rate 
‘hange of ventricular volume during ejection as an 
rnative,>!6 Little data exist on the response of peak 
ion rate, time to peak ejection rate, or ejection time 
afterload stress.17.'8 Recently, we validated the ac- 
racy of the peak rate of ventricular emptying (peak 
dV/dt) derived from gated blood images as an accu- 
ate noninvasive radionuclide index of left ventricular 
ystolic function.’ Others have demonstrated the ac- 
acy of the timing of systolic events during the ejec- 
n phase of the cardiac cycle from equilibrium radio- 
clide volume curves.” 

n previous work, we examined the effects of curve- 
g techniques in attempts to characterize diastolic 
etpance derived from radionuclide volume curves?! 
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emptying rate was similar in the normal subjects and 
the infarct patients (1.01 + 0.24 versus 0.99 + 0.25, 
respectively) and maintained that relationship after 
atropine (0.91 + 0.11 versus 0.81 + 0.21) and at the 
peak increase in arterial pressure (1.07 + 0.21 
versus 1.02 + 0.32). The ratio of time to peak fill- 
ing/time to peak emptying behaved in similar 
fashion regardless of the differences in the absolute 
values. Say 
In this study, left ventricular filling and emptying 
behaved in a similar fashion in response to thea- 
teration in arterial pressure in normal subjects and 
in patients with previous myocardial infarctions. . 




















and subsequently applied these techniques to patients 
during supine ‘bicycle exercise.“ Recent studies have > 
reported that diastolic performance may aid in dis- 
criminating subtle abnormalities in left heart perfor- 
mance in patients with coronary artery disease. 25. 
The purposes of our present study were (1) tö exam- 
ine peak ejection rate (peak ~-dV/dt) and peak filling - 
rate (peak +dV/dt) in normal subjects and in patients 
with previous myocardial infarctions; (2) to examine the = ~ 
time during ejection and filling that peak -dV/dtand 
peak +dV/dt occur in normal subjects and infarct pa- 
tients; and (3) to assess the utility and response of these oe 
variables during acute increases in afterload. nee 


Methods 


Study: The study was undertaken in 18 normotensive mal 
volunteers. Ten subjects (mean age 50 years, range 41 to 69 
had had a previous transmural myocardial infarction. at lea 
6 months earlier, as evidenced by a typical history of ch 
pain, elevated serum creatinine kinase levels, and char: 
istic electrocardiographic changes. No patient had clinic: 
evidence of valvular heart disease or peripheral vascular di 
ease and none had ingested any medications except diureti 
within 48 hours of the study. Six had anterior and 4 had 
ferior infarctions. 

The other 8.subjects were normal control volunteers (me E 
age 36 years, range 19 to 58) with no clinical evidence of car. 
diovascular disease. They were taking no medications and had 
no abnormalities on resting or exercise electrocardiograms. 
Written informed consent.was obtained from all subjects and 
the protocol was approved by the Committee on Investigations. 

















































th laboratory. subjects were instructe 
nthe supine position. and remain still throughout thestudy. 
19 gauge “butterfly” needle.was inserted into a vein in the 
ht arm for administration of pharmaceuticals. An 18 gauge 
ntravenous cannula (Jelco) was introduced into a forearm 
n for blood sampling. 
A single crystal gamma camera (Picker Dyna-Mo) fitted 
ith a parallel hole, general purpose collimator was then po- 
oned over the subject’s chest wall in a 45° left anterior 
lique position, with 5 to 10° caudal tilt. The camera position 
hen further adjusted if necessary so that the image of. ae 
ticle was clearly separated from that of the: 
le and the left atrium. Thereafter, the camera peat 
ained unchanged. 
easurements: One lead from a surface electrocardiogram 
aS continuously displayed.on a cardiac monitor (Hewlett- 
Jackard). A precise heart rate was obtained at each phase in 
_the study from the number of cardiac cycles recorded by the 
amma camera during a 5 minute electrocardiogram gated left 
entricular scintigram. 
-Blood pressure was measured in duplicate from the right 
‘arm every 60 seconds during left ventricular scintigraphy, 
sing a standard mercury sphygmomanometer (Bauma- 
xometer). Systolic blood pressure was derived from the: mean 
10 readings taken over a 5-minute period (blood pressure 
also measured in the left arm at the beginning of the study 
disparities between the 2 arms of >10 mm Hg were not 


he “patient’s own red cells were labelled ex vivo with 
t tium- 99m using the method of Smith atid Richards. 26 


a Pa) enove by needle aspiration through the 
stopper. Finally, the red. cells were incubated in a 


further 5 minutes before the’red cell suspension, con- 
ing 15 to 20 mCi of technetium-99m was reinjected-by-way 
butterfly needle to effect the blood pool label. Care was 
ensure a sterile technique and also to minimize 

re to the red cells during the labelling procedure.. 
tocol: The protocol has-been previously described.2’~-2? 
he subjects were in a basal hemodynamic state, a 5- 
nute equilibrium left ventricular scintigram, gated from a 
rdified Vs electrocardiographic lead, was obtained. Blood 
fe was measured in duplicate each minute. At the 
point of the scintigraphic acquisition, a 10 ml venous 
» was withdrawn, from which 4 ml was pipetted for later 
a counting. Then, 1 mg of atropine sulphate (Abbott) 
ected intravenously over 1 to 2 minutes. This was done 
inimize the baroreflex mediated bradycardia that ac- 
panies the infusion of pressor agents such as phenyleph- 
fter a further 10 minutes, left ventricular scintigraphy, 
sampling, and blood pressure measurements were re- 


an 80 ug/ml solution of phenylephrine iydrocblortde 
galine solution was infused by means of a variable 

rate pump (lvac). The infusion was commenced at 
/min and titrated to produce target increments in systolic 
ures of 15,30, and 45 mm Hg. When each target level of 
lic pressure had been reached, it was held stable for 5 
ites while left ventricular scintigraphy was repeated. The 
‘was maintained within 6 beats/min of the value 

er the administration of atropine, by supple- 
ravenous injections of atropine (0.1 to 0.3 mg) 

| 4 patients with coronary artery disease, 


its of phenylephrine were used because of the aa 


ea, using a oo purpose nuclear po 
er (A2 Medical Data Systems). Data recorded | 
each cardiac cycle during the 5 minutes of acquisition 
divided into 54 equal time frames and integrated to const 
a composite cardiac cycle. The raw data underwent frequ 
filtering (7 point temporal, and 5 point spatial) before. 
assignments and curve analyses. Once the filtered com 
4 peehi, a rectangular region of interest was 


n program was used to define the boundary of i 
le throughout the cardiac cycle. (The edge detec 
aled uses both absolute count rate and the seco ! 


; 4 location.) Background counts were automati 
1 in the end- sr frame and subtracted mead 


en diastole in all studies. Thus, a a corre 
timé-activity curve from the left ventricle was obtained, fro 
which-ejection fraction was calculated using the follo 
equation: Ejection Fraction = [(end-diastolic counts) 
(end-systolic counts)|/(end-diastolic counts). oy 

he background-corrected time activity curve, 
first-derivative curve (frame-by-frame dV/dt) could then 
constricted (Fig. 1 and 2). Left ventricular ejection | 
(LVET) was determined directly from the radionuclide v 
ume cuitve,?° and defined as the time from the early ape 
the lowest nadir of the curve. This was automatically dete: 
minéd by the computer. The time topeak ~dV/dt and 
dV/dt was defined from the onset of the QRS on the ori 
count-volume-time curve. During radionuclide data acqui 
tion cardiac cycles that fell outside a +10% range of the 
interval were excluded to prevent distortion of the time 
tivity.curve. 

‘The “weighted forward backward break-up volume cu 
was.utilized in this study, and has become a standa 
mercial-algorithm used by many laboratories for the e 
tion of cardiac function. Methods for merging the forward 
backward derived curves and the importance of anumbe 
weighting techniques have been investigated in our labor 
Ejection fraction as well as peak ejection and filling rate 
been derived from either QRS-gated forward, revers 
composite curves generated by both linear and expone 
weighting of the forward and reverse break-up curves, The 
values were compared with results obtained from the | 
heart rate volume curves. Linear weighting interpolatio. 
deriving the composite curve provided a reasonable appr 
imation of the mean heart rate volume curve. However, t 
correlation of filling rates and later portions of the diasto 
volume curve could be more accurately characterized byt 
forward-reverse break-up technique than by using the forw. 
curvé alone.?! In the present study, for analysis of forwa 
break-up, the radionuclide volume curves were gated | 
respect'to the onset of QRS (end-diastole) and averaged 
a symmetric weight distribution forward in time after 
+10% R-R interval exclusion. Beats were weighted pro 
tionately with respect to the mean heart rate beat with 
mear heart rate beats receiving the greatest weight, T 
verse break-up curve was obtained by aligning the tail en 
the curves (backward in time) with the same weigh 
forward and reverse generated curves were then combin 
generate the composite volume curve. The composite curv 
were produced by assuming that the initial 25% portion D 
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URE 1. A volume and derivative curve are shown. +dV/dt = filling 
~dV/dt = emptying rate; EDV = end-diastolic volume; LVET = 
entricular ejection time. 


tion, peak filling rate, and the time from end-systole to 
filling rate were determined from the merged, composite 
at is, interpolated) volume-time curves. 

Left ventricular end-diastolic volume was calculated bya 
hnique previously validated in our laboratory*?7-29 and in 
350-35 as follows. Left ventricular counts at end-diastole 
cted for frame time and the number of cardiac cycles 
essed) were divided by counts from whole blood drawn 
e midpoint of each study, corrected for background ac- 
ty, elapsed time, and radioactive decay. In previous studies 
have used a regression equation derived from previous 
lionuclide and contrast ventriculographic comparisons.29 
cause this equation was not available for the particular 
nera and collimator used in this study, relative volume units 
re used, rather than absolute volumes. 

All volumes are given as units/m? body surface area. In our 
oratories, the reproducibility over time of end-diastolic 
e and ejection fraction using this method was +6.1% and 
tespectively.?9 Inter- and intraobserver variability have 
h been found to be approximately 4%. 27-29 

Statistics: Data are given as the group mean + 1 standard 
tion. Comparisons within and among groups were per- 
d by the appropriate paired or unpaired Student’s t test. 
lations were tested by linear regression analysis. Dif- 
ces within groups were tested with a repeated measures 
A variance.*6 















Results 


g hemodynamics (Tables I to III, Fig. 3 to 
rt rate was similar in the control subjects and 
patients (62 + 4 beats/min versus 65 + 11 
/min, p = not significant [NS]), as was the arterial 
yd pressure (120/74 + 7/6 mm Hg versus 119/77 + 
mm Hg, p= NS). Ejection fraction was greater i in 
normal control subjects (0.66 + 0.07) than the in- 
ct patients (0.52 + 0.18, p <0.01), as was peak — 
V/dt (-3.53 + 0.32 vol/s versus —2. 60 + 1.01 vol/s, p 
0.01). Left. ventricular ejection time was similar in 
th groups (0. 25 + 0. 03 second versus 0. 29 
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FIGURE 2. Response to pressure overload. First-derivative and volume 
Curves are shown from a normal subject in the control state, after at- 
ropine administration, and at peak pressure. : 






ond in the infarct patients). The time to peak — dv/dt 
was similar in both groups (0.164 + 0.04 second versus 
0.19 + 0.06 second in the infarct patients, p = 0.08),as_ 
was the time to peak +dV/dt (0.50 + 0.03 secu versus 
0.51 + 0.07 second in the infarct patients). Peak +dV/dt 
was greater in the normal subjects than in the patients 
(3.56 + 0.83 vol/s versus 2.60 +1.01 vol/s, p<0.01). 
However, the ratio of filling rate to emptying rate wa 
similar in both groups (1.01 + 0.24 in normal subjec 
and 0.99 + 0.25 in the infarct patients), as was the ratio 
of time to peak filling/time to peak emptying (3.20; 
0.85 versus 3.07 + 1.38 in the infarct patients). 

End-diastolic volume was greater (4.33 + 1,29 versus 
3.90 + 0.83 units/m?, p <0.05), stroke volume lower (2.2 
+ 1.0 versus 2.59 + 0,98 units/m?, p <0.05), and card 
index lower (146.3 + 20.2 versus 160.6 + 24.3 unit 
min/m?, p <0.05) in the infarct patients when com 
with the normal subjects. 

Atropine response (Tables I to III, Fig. 3 
Heart rate increased similarly in both groups (88.9 
beats/min in the normal subjects and 83.3 + 8.5 b 
min in the infarct patients, p = NS), as did. arte 
blood pressure (123/77 + 16/13 mm Hg in the ni 
subjects and 125/76 + 17/9 mm Hg in the infar 
tients). 

Ejection fraction remained unchanged in the n 
subjects (0.66 + 0.07 to. 0.65 + 0.06) and 
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rsus normal subjects. 
ersus-atropine data point. 


‘normal control volunteers; Peak phenyl = data from peak 
j lephrine infusion rate; PTS = patients with previous infarction. 








* p.= 0.08 versus normal subjects. 
t p.<0,05 versus control values. 
FR/ER = peak +dV/dt/peak ~dV/dt; NLS = normal control 
teers; Peak phenyl = data from peak phenylephrine infusion rat 
= patients with previous infarction; TTP, = time from peak of OR: 


peak —dV/dt; TTP; = time from peak of ORS to peak +dV/dt. 














p <0.05 versus normal subjects. 


ee Table If for explanation of abbreviations. ED — ER = time from end-diastole (peak of volume curve) to peak — dV/dt; ES ~ FR = time 


systole (nadir of volume curve) to peak + dV/dt. DT = diastolic time ( 


ction time. 


, second), as well as in the infarct patients (0.29 + 
cond to 0.24 + 0.07 second, both p <0.05). Once 
peak —dV/dt (3.90 + 0.49 vol/s versus 3.28 + 1.34 
) <0.05) and peak +dV/dt (3.95 + 0.88 vol/s 
54 + 0.89 vol/s, p <0.01) were greater in the 
ubjects than in the patients. In addition, the 
eak +dV/dt to peak ~dV/dt was similar in the 
ps after atropine (0.91 + 0.11 versus 0.81 + 0.21 
infarct patients) and the time to peak filling/time 
k emptying was also not different (2.56 + 0.47 
55 + 0.67). 
iastolic volume index decreased in both normal 
is (3.12 + 1.60 versus 3.90 + 0.83 units/m?, p 
and in the infarct patients (3.86 + 1.46 versus 
99 units/m?, p <0.05). In addition, stroke vol- 
declined in the normal subjects (2.03 + 0.43 versus 
9.8, p <0.05) and infarct patients (1.89 + 0.9 
25 + 1.0, p <0.05), although cardiac output 
d (180.3 + 30.1) in the normal subjects and in 
ct patients (157.6 + 24.2). 
- phenylephrine infusion data (Tables I to 
ie total increase in systolic pressure was similar 
h groups (43.4 + 7.2 mm Hg for the normal 
ts and 40.3 + 8.6 mm Hg for the coronary pa- 
t the peak pressure point, ejection fraction 
n the normal subjects (0.56 + 0.08, p <0.05 
tropine and control) but did not decrease 


et patients (0.45 + 0.17 versus 0.49 


R-R interval-—time.from peak of QRS to nadir of volume curve); E 


+ 0.17 atropine and 0.52 + 0.18 control, peak pres: 
p <0.05 versus control). Peak —dV/dt and peak + d 
both declined significantly but, as before, the re 
velocity indexes and the ratio of the times of peak 
to peak emptying did not significantly differ betv 


the 2.groups. Pe Da 
End-diastolic volume increased in both groups \ 
compared with the atropine data point (4.43 - 
versus 3.12 + 1.60 units/m? in the normal subjec 
<0.01; and 5.04 + 1.81 versus 3.86 + 1.46 in thei 
patients, p <0.01). Stroke volume increased si 
cantly in both groups (p <0.05), resulting in a signifi 
increase in cardiac output (p <0.05). ean 
In general, the time to peak ejection occurred 
what earlier in the normal subjects than in th 
patients, when estimated as a measure of absol 
or as a percentage of the left ventricular ejectior 
tended to be less evident when phenylephrine 
fused. Nonetheless, the differences. were sr 
overlap was relatively large, and the clinical uti 
minimal. E AS 
Discussion 


Variations in systemic arterial pressure have b 
demonstrated to have direct effect on measureme 
of a variety of indexes of left ventricular pe 
mance.!-8:27-2937 The effects of sequentially ind 
alterations in afterload have recently receivec 
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ntial attention,?7-29 particularly its effects on mea- ability to generate velocity as quickly at greater left 
es of left ventricular function in patients with ventricular wall stress, remains unclear. a 
nchronous left ventricular con traction patterns. In Similar to Hammermeister et al,!5 we found that peak 
e present study, the utility of an index of mid -ven- normalized ejection rate occurred somewhere néart th 
ricular systolic contractile events was examined, 3840 mid-portion of ejection. Normal subjects reach t 
as an index of left ventricular diastolic filling 225 peak ejection rate slightly earlier in systole than in 
eak ejection rate behaved in a fashion similar to farction patients, though not substantially so or wi 
action fraction, and was, by itself, neither more useful great enough uniformity to be a clinically useful findin; 
‘discriminating at rest or during interventions than The effect of aortic compliance might substantially alte 
tion fraction alone. This is similar to the report of outflow impedance and aortic flow rates, as well 
nco et al,*! and corresponds to similar results from ventricular emptying rates.9-!4 e 
ers. 1746 In the present study, afterload stress in- With afterload elevation, ejection time increased, in 
ced delays in the timing of peak ejection rate in both all likelihood due to reduced ejection rates and. 
al subjects and infarct patients. Whether this creased stroke volumes. In previous phenylephrin: 
sents the limits of preload reserve,4’ and an in- infusion studies using radionuclide angiography, w 
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__ FIGURE 4. Response to pressure over 
-~ in ejection time during atropine and phen: 
ministration is give a 





Q 
e eee ooo 


PEAK EMPTYING (—dV/dt) 


pews 
| ee 


2594032 3904049 FAIL O95 


CONTROL ATROPINE 


NORMAL SUBJECTS 


PEAK PRESSURE 


| gcs 
WORMAL VALUE 


Clee fs: or J 
zesin * CEE f 239+074* 


CONTROL ATROPINE PEAK PRESSURE 
PATIENTS WITH PREVIOUS INFARCTIONS 


FIGURE 5. Response to pressure overload. The response of peak ejection rate to aore and pressure overload i in both groups. 


ad it uncommon to demonstrate an actual reduction 
stroke volume with increases in arterial pres- 
s.2'-29 This probably reflected adequate Frank- 
‘ling reserve capacity in these subjects. Ejection 

ve been known to decline with afterload eleva- 


tal? described ejection rates and times to 

ejection rate in normal subjects and patients with 

y heart disease at rest. They found that both 

peak ejection rate and ejection time were similar 

nal subjects and coronary patients. However, 

tes were not available to review, and data are not 

a percentage of the R-R interval or ejection 

. In any event, our coronary ‘population was com- 

d of patients with previous myocardial infarctions, 

ht be expected to differ from patients with 
disease without previous infarctions. 

pressure-volume relation of the normal ventricle 

le is curvilinear, such that in the normal ven- 

yw volumes, moderate changes in volume are 

i with small pressure changes, whereas at 

lumes, small volume increases produce sub- 


y Goninliant at low volumes but becomes pro- 
vely less so as volumes i increase. Thus, it might be 

ed that as left ventricular volumes increase, filling 
ght slow. In addition, patients with coronary 

ease may manifest both acute and chronic alterations 
i re: olume relation. In some pa: 


tients; elevation in diastolic pressure is noted de 
normal left ventricular volumes, -4 

Radionuclide techniques only approximate meas) 
of diastolic function. Noninvasive data were not rela! 
to intraventricular pressures in the present study 
addition, it is well-known that mere changes in 
tricular volumes without ischemia can increase chambe 
stiffness without implying a change in muscle s 
ness. Furthermore, the mechanisms involved ir 
normalities of timing of events during various phase 
of the cardiac cycle cannot be specifically delinea 
without knowing the timing of valvular opening a 
closing. This is not provided by analysis of the tin 
activity curve alone. The time from the peak of the Q 
to peak —dV/dt includes isovolumic contraction time. 
and the time to peak +dV/dt includes both isov 
relaxation and contraction time. Anomalies 
intervals may be difficult to interpret not only. 
of the combination of these 2 distinct phases 
cardiac cycle, but also because changes in the v 
of chamber blood flow may be affected by aberr 
of myocardial relaxation.5! Nevertheless, these met. 
provide an attractive qualitative approach to the 
surement of diastolic function. 

Relatively little data exist presently on the: ra 
clide assessment. of diastolic function in normal sub 


and coronary patients at rest and during alteratio 


afterload. Our determination of peak left v 
fling n rates usin gated equim radionuclid 
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as lower than in the normal subjects, even when sys- 

function at rest was normal. 
t appears that peak filling rate is a sensitive marker References 
‘eardiac dysfunction due to coronary disease in pa- 
ents with a previous myocardial infarction. However, J. J Lab Clin Med 197 1:77:30 
1 hen a systolic variable emp! oying differentiation is o2 Noble MIM; Trechard D, Guz A. Left ventricular ejection in consciou: 












1.. Nutter D, Noble RJ, Hurst J Il, Peak aortic flow and acceleration as 


sessed, such as peak ejection rate, it appears to also from the teft ventricle. 


$ E E RTE : . Noble MIM. The contribution of blood mome 
> abnormal and has behavior which is similar to filling = inthe ; cre Res 1968,29.605" 676 
š$ during acute alteration in afterload. This is in 4. Gabe |, Gault J, Ross J Jr, 


ees z $ E. Measurement: of -instan 
agreement with the work of Hammermeister et al,!5 who conscious man with a cathe 
noted that in the absence of valvular disease, peak rate 503-614, 










ee ni dg y 5. Peterson K; Uther J, Shabetai 
lume change was similar in both systole and dias- tricular performance in man: ins 
i = pe et coronary patients when : Greulaon 1973478049 aa 
pared with normal subjects. ae | - Mills C, Gabe I, Gault J, Mason D, Ross J 
e conclude that the normal left ventricle shows a ura iy relatio PEE vasoalar impedariqe I ma 
‘ease in electi i ect 7. Snell P, Clements J, Patel D, Fry D, Luchsinger P. Instantaneous bl 
Tease in ejection fraction and peak ejection and vin the human aorta, J Appl Physiol 1965-20001. 698 oS 
ling rates with increases in arterial pressure. This 8. Noble MIM. Left ventricular load, arterial impedance and their interr 





s in association with a slight but significant pro- _ onship. Cardiovasc Res 1979; 13: 183-198. 
longation of ejection time and the times to peak ejection 

and filling rate. Similar findings occurred in patients 

with previous infarctions. Global indexes of mid- and 

total systole appeared to be of similar discriminatory 
for normal subjects versus infarct patients at rest 


during pressure intervention, as emphasized re- __ 


























graphy at rest is in close agreement with that of cently by others.4!~4652 Diastolic portions of the cardiac. i 
Bonow etal? and Reduto et alë and comparable to the cycle, as well as patterns of left ventricular em on 

jographic results reported by Hammermeister et can be easily evaluated during acute hemodynamicin- 
al!“ The peak filling rate at rest in the coronary patients terventions: — 









of ventricular performance in the dog. J Lab Clin Med 197 1:77:30) 









1, Measurement. and significans of the maximum acceleration of blood 
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gical correction of chronic aortic regurgitation mm). Seven patients (Group 2) with incomplete. : ay 
neraily results in a substantial decrease in left regression of LV hypertrophy showed borderline to __ . 
ntricular (LV) volume and mass. To assess the moderately abnormal function indexes at the late | 





inctional significance of these structural changes, study. Six patients had persistent LV enlargement 

erial noninvasive tests of LV function from 23 pa- and no postoperative regression of hypertrophy —_ 
I ts were examined after aortic valve replace- (Group 3). These patients did not show the sub- 
ent. Three independent tests of LV function were stantial early changes in the function indexes ob- 
: (1) the ratio of the LV preejection period: (PEP) served in Groups 1 and 2; moreover, the indexes 
the LV ejection time (LVET), (2) the echocar- remained markedly abnormal at the time of the late 


ographic fractional increase in LV wall thickness postoperative study (PEP/LVET = 0.52 +0.10,FT 
), and (3) the mitral E point to septal separation = 47 + 13%, ESS = 22.3 + 7.2 mm). Patients in 
SS). Studies were performed before surgery and Group 3 had preoperative evidence of abnormal LV 
3 (early), 3 to 6 (mid), and 9 to 12 (late) months function which was more marked than that observed 
in Groups 1 and 2. Thus, the early postoperative 
| the early postoperative studies, LV end-dia- changes i in LV preload and the subsequent regres- 
ic dimension decreased to normal or near-nor- sion of LV hypertrophy are associated with evidence —__ 
and the PEP/LVET ratio increased substantially of early LV dysfunction and subsequent improve- __ 
17 patients. Ten of the 17 (group 1) had complete ment. Postoperative LV enlargement and persistent 

ession of LV hypertrophy and the average values LV hypertrophy are associated with persistent v 
ll 3 indexes of LV function were normal at the dysfunction. These serial data provide a framewe 
e of the late postoperative study (PEP/LVET = for the rational timing and interpretation of postop 
41 + 0.05, FT = 73 + 14%, ESS = 6.2 + 0.9 erative ventricular function tests. 

































ft ventricular chamber size and myocardial mass quent 6 months, a gradual decrease in LV mass n 
ually decrease after the surgical correction of chronic occur, but the regression of LV hypertrophy is ir 

ic regurgitation. 14 Perhaps the most dramatic of plete in many patients. Studies of LV function 
*hanges is the marked reduction in LV volume weeks and months after aortic valve replacem 
h is seen within a week of surgery. Over the subse- cate variable results; some patients appear 
5 normal or borderline LV function while other 
meaai persistent postoperative LV enlargement and depress 


an Departinent of Madon Tuf Diversiy oie 7 Mon ena function. Much of the reported data on postoperati 
w Eng ical Center Hospitals, a eterans Administration 
lical Center, Boston, Massachusetts. This study was done during LV function have not been obtained serially, and for this 
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5-798 from the Northeast Division of the Massachusetts Affiliate, not postoperative regression of LV hy pertrophy. has. 
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present study was designed to define ie f 


ional changes associated with the structural changes 
nown to follow surgical correction of chronic aortic 
regurgitation. We made serial postoperative measure- 
ents of 3 independent noninvasive indexes of LV 

function and examined these data relative to the ob- 
rved changes in LV size and myocardial mass; we 
ially emphasized the time course of these changes 
the first year after aortic valve replacement. In 
examined the preoperative data in an at- 
entify noninvasive variables that might be 

n predicting the results of surgery. 


Methods 


Twenty-three patients who underwent aortic valve re- 
placement for chronic aortic regurgitation between January 
1975 and December 1980 were invited to participate in the 
study. Admission to the study required high-quality echo- 
cardiographic LV studies and externally recorded systolic time 
intervals. Before surgery, all patients had typical clinical and 

emodynamic findings of significant aortic regurgitation. 
hocardiograms were obtained with a Smith Kline ultraso- 

scope and a 2.25 MHz transducer. LV end-diastolic di- 

ension was measured at the R wave of the electrocardiogram 


ical dimension between left septal echocardiogram and 

posterior wall echocardiogram at end-systole. Relative wall 

ess was determined as one-half the end-diastolic di- 

sion divided by the wall thickness.’ Markedly abnormal 

ptal motion was:a uniform finding in the early postoperative 

udies, and for this reason fractional shortening of the LV 

rnal dimension was not used as an index of LV function 

»stoperative studies. The fractional increase in LV pos- 

wall thickness (FT) from end-diastole to end-systole 

calculated as follows: FT = [Thea — Thes)/Thea]-100, 

Thea is end-diastolic posterior wall thickness and Thes 

d-systolic wall thickness.92>-27 Fractional thickening is 
ressed as a percentage. 

Echocardiographic estimation of LV muscle mass is known 

_dependent on several assumptions regarding ventricular 

y. T'o avoid these potential problems, we used muscle 

nal area ( CSA) as an index of LV myocardial mass 

s not require major geometric assumption.®™!® This 

(in cm?/m?) was calculated from the echocardiographic 

on and wall thickness data, as follows: CSA = 
+ Thea]? ~r (EDD/2)2, where EDD = end-diastolic 


ance between the E point of the mitral valve an- 
et to the LV edge of the interventricular septum was 
sed as an index of global LV function. ESS was measured 


| Preoperative Echocardiographic Data 


according ts the technique described: by Massie 


variable reflects global ejection fraction and is only minimal 
influenced by heart size.28-8° 

Systolic time intervals were obtained at. the same iim 
the echocardiographic studies. They were derived from 
electrocardiogram (lead ID), a carotid pulse tracing (Stat 
P23Db), and. a phonocardiogram. Total electromeche 
systole (QS), preejection period (PEP), and LV ejection 
(LVET).were measured and corrected for heart rate as 
scribed by Lewis et al®! and Weissler.*? The ratio of 
LVET was calculated for all patients. Four patients wi 
cluded from this portion of the study due to left bundle br: 
block (n = 2) and Berinanent right ventricular endor 
pacing (n = 2). 

Preoperative studies were performed in all patients. 
operative studies were performed at 7 to 10 days afters 
(early), at 3 to 6 months postoperative (mid), and aga: 
to 12 months (late). 

The 23 patients were divided into 3 groups for data an 
Group 1 patients (ñ = 10) had avery satisfactory surgica 
sult which we defined as a normal end-diastolic dime 
(decreasing to within 2 standard deviations of normal, 
is, <3.3 em/m2) and normal LV mass (cross-sectional area 
cm?/m?}). Group 2 patients: (n =°7) attained.a norma! 
diastolic dimension postoperatively, but still had eviden 
LV hypertrophy (cross-sectional area >10 cm?/m*), G 
3 patients (n = 6) had persistent postoperative LV enla 
ment (end-diastolic dimension >3.3 cm/m?) and lack | 
gression of LV hypertrophy. Nene of our patients 
paraprosthetic regurgitation. 

Systolic time Intervals, ESS, and FT data were anal: 
within each group by analysis of variance for serial data; in t! 
manner, we.tested the hypothesis that significant temp 
changes in LV function occurred postoperatively. Differe 
between groups at specific times were also tested by at 
of variance. Tabular data are presented as the mean 

standard deviation. 


Results 


The preoperative echocardiographic data are. 
sented in Table I. The serial pre- and postoperative d 
are presented in Tables II to IV and Figures 1 to 4, 

LV end-diastolic dimension and muscle ¢ 
sectional area: Serial echocardiographic measuremen 
of LV end-diastolic dimension and muscle cros 
tional area are presented in Table II and Figur 
Group 1, LV end-diastolic dimension and cross-si 
tional area decreased to normal levels in all 10 patien 
The-change in end-diastolic dimension at the time o 
early postoperative study was highly significant 





EDD ESD 
(em/m?) (cm/m?) 


CSA 
(cm?/m?) 





3.6+0.3 
3.8405 
3.3404 


2.5 £ 0.3 335 
2640.6 3147 
26 +5 14.74 1.2 


12.6 £ 2.7 
14.9 1.5 





NS 
p <0.01 
p = 0.05 


p <0. 02 





DD : aa diasiotie dimension; ESD = = i oroa dimensi ; + F 
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oup 1 (n= 10) 






















rative. 


<0.001), but the small changes thereafter did not 
chieve statistical significance. There was no significant 
ange in muscle cross-sectional area at the time of the 
rly postoperative study; cross-sectional area declined 
eafter (p <0.01 at 3 to 6 months after operation), 
at the time of the late study was normal in all 10 
Jents in this group. In Group 2, end-diastolic di- 
nension also declined postoperatively (p <0.05 at the 











end-diastolic dimension (p <0.01) at the time of the late 


study so that end-diastolic dimension reached the 
normal range in all Group 2 patients. Although cross- 








EDD (cm/m?) ; 2.7 + 0.3 2.6 0.2 

CSA: (om (m) : 12. 12. 10.1 £ 1.4 940.5 
oup. 2 n= 

2.9 + 0.3 2.8 + 0.4 

12.4 + 1.6 11.74 1.6 

4.0 + 0.3 37 0.5 

1 13.8 + 1.2 13.2214 O 
A = cross-sectional area; Early = 0 days; EDD = end-diastolic dimension; Late = 9 to 12 months; Mid = 3 to 6 months; Preop = press 





sectional area declined postoperatively (p <0.0l atthe 


mid study), all 7 


7 patients in this group had persistent © 


ihera 


LV hypertrophy (cross-sectional area greater than __ 


normal) at the time of the late postoperative study. 


Despite a modest reduction in end-diastolic dimension ` z 


arly study); there was an additional small decrease in at the time of the late postoperative study (p <0,05), all z 










BLE UL. Systolic Time Intervals in Chronic Aortic Regurgitation Before and After Valve Replacement 





Postoperative Period 






















Preop Early Mid Late 

111415 171414 153 + 14 mg o 

452 £ 33 377 + 18 389 + 14 397 + 17 

563 + 35 548 + 22 542 + 12 539 + 14 2 
0.25 + 0.05 0.60 + 0.06 0.47 + 0.06 0.444005 
106 + 21 159 +7 152+ 18 156415... gf 
441+ 24 357 + 33 377 + 22 387416 
548 + 22 517 + 35 530 + 23 542425 

0.25 +0.08 0.61 + 0.08 0.48 + 0.11 0.47 + 0.06 























109 + 19 146 + 32 157 + 24 1149 
427 + 27 392 + 21 381 +21 390 +12 ©: 
535 + 11 538 + 19 538 + 12 5524 10°. 
: i 0:26 + 0.08 . 0.49 + 0.21 0.50 + 0.11 0.52 +0:10°. 
_LVETI= LV ejection time index: PEPI = preejection phase index; QS2I = electromechanical systole (Q-S.); format and other abbreviations as 





) Table ll. 





roup 1 










FT (%) (n = 10) 60.49 5 9 62 + 12 1 
Ss ens 10) 11.94 6.1 10 17 ; 1.0 Q 
+ 4 
E- 
oe aT 6048 
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Preop Early Mið Late Preop Early Mid Late 
FIGURE. 1. Serial changes in LV end-diastolic dimension and muscle 
cross-sectional area. The early, mid, and late postoperative studies were 
performed at 0.3, 3:to 6, and 9 to. 12 months, respectively. All patients 
in Groups 1 (triangles) achieved a normal LV- chamber dimension and 
normal muscle cross-sectional area. Although.LV end-diastolic di- 
nsion decreased to normal in Group 2 (cireles) evidence of persistent 
hypertrophy was present at the late postoperative studies. The pa- 
ats in Group 3 (squares) had persistent LV enlargement and no sig- 
change in muscle cross-sectional area. The broken horizontal 
indicates the upper limit-of normal for these variables. AVR = aortic 

ve replacement; BSA = body surface area. 


patients i in Group 3 fea persistent LV enlargement. 
oreover, there were no significant postoperative 

nges in muscle cross-sectional area in this group. 
LV systolic time intervals: The average values for 
systolic time intervals are presented in Table III, 
serial measurements of the PEP/LVET ratio 











Serial measurements of the fractional increase in LV pos- 
hickness during systole, Inthe early postoperative period, 
i tendency for fractional. thickening to decrease in all 3 
hereafter, fractional thickening increased only in Groups 1 
and 2. (circles); fractional thickening remained low in Group 
. These data are consonant with the systolic time interval 
indicate that patients with complete regression of LV hy- 
(Group. 1) show gan ores in fractional thickening, 








PEP/SLVET 











FIGURE 2. Serial changes .in. the LV PEP/LVET ratio. in. the 
postoperative study, the PEP/LVET. ratio increased substantial 
Groups 1 (triangles) and 2 (circles); this change was coincident 
the early reduction in LV. preload. ‘With the regression of LV hypertr 
(mid to late), the PEP/LVET ratio decreased to normal values in| 

1 and remained moderately increased in Group 2. The PEP/LVET 
in Group-3 (squares) progressively increased to markedly abnor 
levels at the time of the late study. Thus, in-addition to changes in 
PEP/LVET ratio that are related to valve -replacement-alone,:p 
erative LV function. is temporally related to the presence oral 

of changes in preload and LV mass {see text). AVR = aortic valve ri 
placement. ~ 


are shown graphically i in Figure 2. Group l patie | 
demonstrated an early postoperative increase in PE 
(p <0. 001), a decrease in the LVET (p <0.01), and 
increase in the PEP/LVET ratio (p <0.001). 
marked increase in PEP/LVET which was observ 
the time of the early study declined thereafter: 
significantly lower at the time of the mid versus e 
postoperative study (p <0.05) and at the time of the | 
study (p <0.01). The average values for the LV syal 
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FIGURE 4. Serial changes in the echocardiographic ESS. In Group 
(triangles), ESS declined to normal values at the time of the late pos 
operative study, while Group 3 (squares) showed a persistent 
marked abnormality of ESS. Group- 2 data (circles) were intermedi: 
between 1 and 3. Thus, a postoperative normalization of cham! 
mension and LV mass is associated with a normal ESS; howeve 
incomplete regression of LV hypertrophy, ESS may remain abno! 
despito a signiticant decrease inv size. 












l at the time of the late postoperative study. 
roup 2 patients had similar changes in the LV systolic 
ime intervals at the early and mid postoperative studies 
EP, LVET, and PEP/LVET; all p = NS [not signif- 
ant] versus Group 1). However, the average values for 
EP remained above normal and LVET remained 
‘low normal at the time of the late postoperative study. 
» PEP/LVET ratio declined significantly by the time 
he late versus early study (p <0.01), but in contrast 
\e normal ratio achieved in the Group 1 patients, the 
age PEP/LVET in Group 2 remained above normal. 
roup 3, the early increase in PEP and the decrease 
LVET did not achieve statistical significance. The 
arly increase in PEP/LVET (p <0.05) was not as pro- 
yunced as that observed in Groups 1 and 2; 3 of the 4 
tients in Group 3 had a PEP/LVET <0.45, while the 
tio in all Group 1 and 2 patients was >0.47. There was 
tendency for PEP/LVET to increase thereafter, and 
; the time of the late study the ratio was significantly 
gher (p <0.05) than that seen in Group 2. 
Fractional change in LV wall thickness: Frac- 
tional thickening data are shown in Table IV and Figure 
-All 3 groups demonstrated a small decrease in frac- 
tional thickening at the time of the early study (all p = 
NS versus preoperative values). Group 1 patients 
showed a tendency to increase thereafter so that the late 
postoperative values for fractional thickening were 
greater than those measured preoperatively (p <0.01) 
avid early postoperatively (p <0.05). Fractional thick- 
ening also increased in Group 2 (p <0.01 early versus 
late), but in contrast to Group 1, late fractional thick- 
ening was not significantly greater than preoperative 
evels. In Group 3, there was a tendency for fractional 
_ thickening to remain lower than preoperatively but this 
difference did not achieve statistical significance. The 
late postoperative fractional thickening in Group 3 was 
_ significantly lower than that observed in both Groups 
and 2 (both p <0.05), but the difference between 
oups.1 and 2 did not reach statistical significance. 
Mitral E point to septal separation (ESS): The 
ESS data are presented in Table IV and Figure 4. In 
_ Group 1, there was a gradual decrease in ESS which was 
statistically significant at the time of the late postop- 
erative study (p <0.01). Although a similar decrease was 
_ seen in Group 2, this trend did not reach statistical 
_ significance. The ESS was lower in Group 1 than in 
Group 2 (p <0.05) at the time of the late postoperative 
udy. There was no ESS change in the Group 3 pa- 
nts, and this index remained markedly abnormal at 
e time of the late postoperative study. 
Preoperative differences between groups: There 
was no significant difference between Groups 1 and 2 
or any of the preoperative variables. In contrast, there 
were highly significant differences between most of the 
ariables in Groups 1 and 2 versus Group 3 (see Table 








? Discussion 
LV function in chronic aortic regurgitation has been 


died before and after surgery by anumber of inves- = 


ig tors, but with, few eree ptions, postoperative ven- 


: intervals i in Group 1 were all within the : range ofo 





: -tricular function has bean assessed only ati a ‘single point 
in time. For this reason, time-dependent changes in — 
postoperative function have not generally been appre- 
ciated. The serial postoperative data presented herein. - 
indicate that LV function is not stable in the first year > 
after surgery and that the observed functional changes. 
are not only related to the aortic valve replacement per 
se, but also to the 2 major structural changes which 
usually follow the surgical correction of chronic aortic 
regurgitation, namely a decrease in LV chamber size 
and a regression of LV hypertrophy. Our data and those 
of others indicate that most patients achieve a normal 
or near normal LV end-diastolic dimension or volume 
within 1 or 2 weeks of surgery. Subsequently, over the 
next 6 tò 9 months, a significant regression of LV hy- + 
pertrophy occurs; however, even in the late postopera- 
tive studies, many patients have evidence of persistent 
LV hypertrophy. It therefore appears that there are 3 - 
major structural outcomes after the surgical correction 
of chronic aortic regurgitation: (1) a normal LV end- 
diastolic dimension or volume and a normal LV mass, 
(2) a normal end-diastolic dimension with incomplete _, 
regression of hypertrophy, or (3) persistent LV en- © 
largement and no reduction in LV mass. The purpose = < 
of the present study was to define the changes in LV o 
function which evolve during the development of these __ 
structural changes. me 
The early functional consequences of an abrupt a 
postoperative decrease in LV end-diastolic dimension | 
are evident in the Group 1 and Group 2 patients. The 
marked preload reduction which occurred in these 2+ 
groups was associated with a prominent increase in the 
PEP/LVET ratio, whereas the increase was much less- 
marked in the patients with persistent postoperative LV 
enlargement (Group 3). We interpret these data. to’ 
suggest that the early increase in the PEP/LVET is. 
related net only to correction of the valvular leak, but-: 
especially to a reduction in LV preload. Over the sub- 
sequent months, the PEP/LVET ratio declined: in. ~ 
Group 1 and Group 2, while the Group 3 patients dem- a 
onstrated a tendency to increase (Fig. 2). Thus; this” 
early postoperative abnormality does not predict a 
outcome; in fact, the opposite seems to be true- . 
tients with the highest early PEP/LVET ratio had. the vee 
most satisfactory late result. Furthermore, our data _ 
suggest that the absence of an early postoperative 
crease in the PEP/LVET ratio might indicate persiste 
LV enlargement and a poor prognosis. 
Externally recorded LV systolic time intervals 
been used to assess LV function under a wide varie 
clinical conditions, but these measurements hav. 
previously been made serially after aortic. valve’ 
placement, as was done in the present study. Our d. 
support the generally accepted idea that the PEP 
LVET ratio is influenced by the presence of aortic val eo 
disease independent of LV function. In fact, it appears ce 
that there is little relation between the preoperati e 
PEP/LVET and preoperative LV function in chronic 
aortic regurgitation. However, in the postoperative 
period the ratio does appear to reflect the functional 
status of the left ventricle. Correction of aortic regur- 





























































Biation dirertly i increases aortic c diastolic pressure and 





ecreases the LV stroke volume; consequently, the 
reejection period increases and the LV ejection time 
reases.°334 Since the aortic regurgitation was cor- 
ted in all 3 groups, this mechanism cannot explain 
e observed differences between the groups. The ef- 
ts of anesthesia, cardiopulmonary bypass, and 
ocardial ischemia have been implicated,® but our 
dicate that the early postoperative changes in the 
time intervals are due at least in part to a de- 
' preload (end-diastolic dimension). Relative 
ps 1 and 2, the small change in preload in Group 
sociated with relatively smaller changes in the 
tolic time intervals during the early postoperative 
od. Similarly, Boudoulas et al®° suggested that an 
early postoperative decrease in LV preload contributes 
to early LV dysfunction after the surgical correction of 
< mitral regurgitation; such changes did not occur after 
correction of mitral stenosis. These investigators also 
emphasized the benign nature of this temporary post- 
operative increase in the PEP/LVET ratio. 
he systolic time interval data are supported by the 
al ESS and fractional thickening data which also 
cate that early LV dysfunction should not be taken 
indicate long-term functional abnormalities. In spite 
a decrease in heart size in Groups 1 and 2, the mitral 
S remained abnormal in the early postoperative 
tudies. While ESS as an index of global LV function 
s been said to be relatively independent of heart 
size,8-8° it remains possible that the early ESS may 
ave been greater if not for the early decrease in end- 
stolic dimension. The fractional change in LV wall 
hickness showed a tendency to decline in the early 
udies, and in general these FT data tend to parallel the 
iP/LVET data. All 3 indexes of LV function im- 
ved by the time of the late study. These findings are 
onsonant with published radionuclide data that indi- 
a temporary decrease in the LV ejection fraction 
the early postoperative period. Boucher et al?! 
ed data from 7 patients in whom the systolic 
n fraction fell from a preoperative average of 56 
2 to 4 weeks and subsequently increased to 
to 2 years after surgery.?! 
nctional consequences of a gradual regression 
ertrophy are also apparent in the serial studies 
3-groups of patients. As we and others have 
sly reported, there is no significant change in 
cross-sectional area during the early postoper- 
riod.?!5 Thereafter, a significant decrease in 
ional area occurred only in Groups 1 and 2. 
tients who eventually achieved a normal 
‘0ss-sectional area (Group 1) achieved normal 
all'3 indexes of LV function. The patients 
sistent LV enlargement and no regression of LV 
hy had marked and persistent abnormalities 
lexes of LV function. The Group 2 values were 
mediate. It appears, therefore, that a gradual re- 
ion of volume overload hypertrophy is associated 
th a parallel improvement in ventricular function. 
hus defined the postoperative time course 
in LV function in 3 distinct subgroups of 
the sea hed for differences in the pre- 


here were no significant 


differendes between the ‘preoperative parameter: 
Group 1 versus those in Group 2. Because the musel 
cross-sectional area tended to be higher in Group 2 t 
in Group 1, it is possible that the Group 2 patients 
incomplete regression of LV hypertrophy simply 
cause they started with higher values. However, we 
not find a statistically significant difference in cro 
sectional area between these 2 groups. In contrast, ther 
were significant differences between several of th 
rameters in Group 1 versus 3 and Group 2 versus: 
general, the Group 3 patients had larger value 
end-diastolic and end-systolic dimension, higher 
for relative wall thickness, and reduced value 
fractional shortening. Our findings and those of ot. 
confirm the utility of echocardiography in the ide: 
fication of high-risk patients with chronic aort 
regurgitation. 9,18,19,36,37 

We conclude that the early postoperative LV d 
function which is seen in many patients after correct: 
of chronic aortic regurgitation is a temporary findin 
due to an acute reduction in LV preload. The gradu 
improvement in LV function which occurs over 
subsequent 6 to 9 months is at least partly related to 
regression of LV hypertrophy. Since LV volume, mas: 
and function are not stable during most. of the first ye 
the optimal assessment of LV function requires ser 
studies during this period. 
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Radionuclide Ventriculographic Study of Adaptations 


To Exercise in Aortic Regurgitation 


RD M. STEINGART, MD, CORINE YEE, MD, LAWRENCE WEINSTEIN, MD, and 





_ Exercise-gated radionuclide ventriculography has 
_ been proposed as a method to evaluate cardiac 
-reserve in patients with aortic regurgitation (AR). 
Characterization of ventricular function, however, 
_in AR is complicated by the dynamic nature of the 
An individual patients and by variations in se- 
erity among patients. Twenty patients with isolated 
R were studied to assess the effects of exercise 
on the regurgitant index. The regurgitant index (left 
entricular + right ventricular stroke counts) esti- 
mates the severity of the leak. The regurgitant index 
_atrest was significantly higher in patients with AR 
_ | than in patients without AR (3.46 + 1.25 versus 1.08 
: a 0. 1, p <0.001). In patients with AR, the regurg- 












itant index decreased during exercise to 2.6 + 0. 

(p <0.001), whereas it did not change in the contro 
group (1.16 + 0.21, difference not significant) 
Further, in patients with AR, the greater the regur 
gitant index at rest, the greater the decrease during 
exercise (y = 0.56x — 1.08, r = 0.78, p <0.001). 
End-diastolic counts and ‘stroke count responses 
from rest to exercise were highly variable, but we 
explained in part by the decreasing regurgitar 
index. These data support previous catheterization 
studies and confirm gated radionuclide ventri 
lography as a useful tool for monitoring adaptati : 
to exercise in AR. 



















ue The timing of appropriate therapeutic intervention in 
aortic regurgitation is controversial. 1-3 Because ven- 
dysfunction in AR is slowly progressive,4° 
ive technology capable of serial, comprehen- 
‘accurate evaluation of ventricular functional 
‘ould be helpful in resolving this controversy. 
ation of functional reserve is complicated 
ynamic nature of the volume load in individual 
and the variations in severity among patients. 
ood pool scanning at rest has been applied to 
ventricular volume, systolic function,®? and 
agnitude of regurgitation by means of the regur- 
index (left ventricular + right ventricular stroke 
s).8-12 However, it is reasonable to assume that 
intervention ata time when resting function is 
| but exercise reserve is somewhat diminished 
most appropriate. 13-15 To date, radionuclide 
ring exercise in patients with AR have em- 
the ejection fraction response.!3.14 The present 
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study was undertaken to characterize more complete 
the rest to exercise response in patients with AR 1 wit 
use of gated blood pool scanning. 








Methods 


The study group consisted of 20 consecutive gaien 
ferred for exercise radionuclide ventriculographic evaluati 
of isolated, chronic aortic regurgitation. The determinati 
of an isolated valvular abnormality was determined in ] 
patients with cardiac catheterization. No catheterized patie: 
had >30% stenosis of a major coronary artery. The remai 
10 patients had isolated diastolic murmurs of aortic ri 
tation, and diastolic fluttering of the mitral valve on 
cardiography. Because these patients had no symp 
chest discomfort, the maximal probability of coron: 
disease in any single patient was <4% based on 
symptomatic status, and electrocardiographic stress tes 
Sinus rhythm was a prerequisite for entry into the stud: 

Six patients with chest pain syndromes but no struct 
or functional abnormalities at cardiac catheterization serv: 
as a normal control group for the radionuclide ventric 
graphic response to exercise. n 

Five patients with significant coronary artery disease 
elevated: resting left ventricular end-diastolic press 
catheterization, but no valvular abnormalities, served 4 
additional control group. for the effects a exercise on 








































ABLE! Clinical Data 





Exercise 





































-NYHA = New York Heart Association. 


Radionuclide Determination of Left Ventricular 


Blood pool labelling with technetium-99m: Red blood 
lls were labelled with 25 mCi of technetium-99m using an 
vivo method. Percent labelling by this method was 69.8 + 
4.6 (mean + standard deviation [SD]) and the effective 
half-life of the technetium-99m red blood cell complex was 
5 hours. 

End-diastolic counts, end-systolic counts, stroke 
unts, count cardiac output, and ejection fraction: Data 
re acquired using a mobile, standard field of view gamma 
aera with a high sensitivity collimator (Picker, North Ford, 
mnecticut) interfaced with a minicomputer dedicated to the 
icquisition and processing of nuclear medicine data (Digital 
í uipment, Marlborough, Massachusetts). Data were ac- 
ired in the modified left anterior oblique projection that 
best separated the left and right ventricles and left ventricular 
ctivity from left atrial activity. Studies from this laboratory!” 
ave shown that averaging the data from multiple, relatively 
orief acquisitions more effectively reduces. statistical error 
than prolonging the time of a single acquisition, while main- 
ming high intra- and interobserver reproducibility. 
erefore, for the present study, triplicate baseline and du- 
dlicate « exercise acquisitions were obtained, and radionuclide 





Exercise : goi 
NYHA End-Diastolic Stroke Count Ejection Fraction Regurgitant Index 
Age (yr) Clinical Work Load Count (% of (% of ; 
. & Sex Class {kpm} Control) control) Rest Exercise Rest Exercise A 
61M l 450 101 98 59 57 3.17 1.37 
49 F ul 300 91 88 73 70 4.82 3.57 
38M l 900 107 124 68 79 2.74 2.66 
64F WW 300 91 70 56 43 3.31 1.96 
68 F itt 225 96 87 69 63 2.64 1.90 
` 28F | 300 132 113 62 §3 2.52 4.00 
53M |] 450 108 110 59 60 2.02 2.02 
67 M " 450 105 116 79 88 3.47 3.07 
62M ii 300 96 77 64 52 5.97 3.98 
54M | 600 76 65 59 51 5.16 2.97 
66M li 600 101 92 39 36 1.27 1.28 
37M l 600 73 82 65 72 4.19 2.95 
58 M Il 300 90 81 48 43 3.46 2.46 
50 F ihi 150 111 119 60 64 2.19 2.13 
34M | 900 98 102 79 82 4.81 3.38 
33 M i 600 122 127 75 79 4.14 2.98 
17M | 900 93 106 69 79 3.02 2.07" 
43 F ul 450 102 91 81 72 2.76 2.46 
38F l 300 64 68 75 80 5.20 3.02 
3M | 150 110 114 49 51 2.17 2.10 
+ 15 Aas 431 + 215 ees 16 ee 19 64+ 11 64+ 15 3.464 1.25 2.62 40,78 
N N: : 
versus versus NS p <0.001 a 
control control : 










consisted of 28 frames per R-R cycle and a total of approxi- 
mately 3 X 10° counts. Data were acquired in the zoom mode 
in 64 X 64. matrices. Typical acquisition times were 90 seconds - 
per study depending on body habitus and labelling effi- 
ciency. es 
End-diastolic count data were determined by adding the 
first 3 frames of the 28-frame study. An end-diastolic region 
of interest.was computer generated, and the minimal count 

rate in the time-activity curve from this region identified: The 
counts in this minimal frame, and those from frames imme- © 
diately preceding and following it were summed and used as 
end-systolic count data. End-systolic and paraventricular. 
regions of interest were then computer-generated and the 4 
unsmoothed data from within these 3 regions of interest = 
plotted over the course of the cardiac cycle. Background 
corrected end-diastolic and. end-systolic count. data v 
calculated from mathematically smoothed time-activi 
curves and corrected for frame duration and normalized | 
ms. Stroke counts were determined as the difference between 
end-diastolic and end-systolic counts and count.cardiac ou 
put was determined as the product of stroke counts and heart 
rate. All count data were then corrected for the 4.5 hour ¢ 
fective half-life of the technetium-99m red blood cell come 
In this way, all count data for each patient were refe rr 
the initial data acquisition. In this laboratory, it 
without valvular ees the correlation 
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ges in stroke eoiints and i in fhermodilution stroke volume 
uring intervention is r = 0.90, p <0:001.18 Because gated 
dionuclide ventriculography measures total ventricular 
roke volume, characterization of the rest-exercise response 
AR also requires an estimate of the magnitude of the 

gurgitant volume. 
‘Left: ventricular ejection fraction was calculated according 
rmula LVEF = (ED = ES)/ED, where ED = end- 


sounts and ES = end-systolic counts, corrected for 
d. Correlation between left ventricular ejection 
termined with this method and contrast cinean- 
‘in this laboratory has been demonstrated to be r = 


culation of Regurgitant Index 


The regurgitant index (LV + RV stroke counts) was de- 
termined with use of operator-defined fixed end-diastolic 
regions of interest without background subtraction. This 
method estimates the regurgitant fraction determined with 

ectromagnetic flow meter in an animal model and by cath- 
eterization techniques in patients with high intra- and in- 
terobserver reproducibility.8%!1 The correlation between 
radionuclide regurgitant index and catheterization regurgitant 

action for the patients in this study was r = 0.78, p 

001, 


reise Protocol 


xercise was performed on a bicycle ergometer imaging 

ble combination (Nuclear Associates, Carle Place, New 

rk), which allowed the subject to exercise vigorously while 

ntaining astable position under the gamma camera. For 

‘cise patients are placed in the supine position with their 

et up in pedals so that their legs are held approximately 15 

yve the level of the heart. We have found no consistent 

erence in end-diastolic counts, end-systolic counts, stroke 

3, cardiac output, or ejection fraction with feet up when 

ed with.positioning of the legs at the level of the heart. 

tes after the patient was in this starting position, 

e baseline data were acquired. Bicycle exercise was 

gun at 150 kpm. Pedal speed was held constant at 60 

rpm. One minute after the onset of exercise, duplicate 

re gated studies were acquired. Immediately on 

n of the second acquisition, the work load was in- 

50 50 kpm. One minute later an acquisition was again 

xercise levels were increased until termination of 

teria for terminating the study were extreme 

vere angina, shortness of breath, complex ventric- 

iythmias, or a decrease in systolic blood pressure. Care 

to exercise each patient to his or her symptomatic 

; Pulse, blood pressure, and electrocardiograms were 
corded each minute throughout exercise. 


tistical Analysis 


ata are presented as means + 1 standard deviation. 
in. count data are expressed as percent of supine rest. 
ns among groups were done using a grouped t test. 
sin individual subjects from rest to peak exercise 
sing paired t tests. Relations between variables 
d with linear regression and the significance of these 
were tested by one-way analysis of variance.” A p 
05 was considered significant, 


` Results 


oup: There were 13 men and 7 women 
ars) in the study group. Ten patients 

k Heart Association?! clinical class I, 

I, and6 patients were in class 


HI (Table T). At the time of the cindy. 8 patients we 
receiving digitalis preparations, and 3 were taki 
antiarrhythmic agents. All other cardioactive drugs w we 
discontinued for the purpose of testing. : 
The 6 subjects (4 men and 2 women) with chest pe 
but no demonstrable coronary or valvular abnormaliti 
at cardiac catheterization averaged 44 years of age 
5 patients with coronary artery disease (4 men and 
woman), mean age 51 years, had previous myocard 
infarctions, elevated left ventricular end- dias 
pressures at rest (18 + 4mm Hg), and multivessel 
onary artery disease. No control subject was tal 
medication at the time of the test. E 
Exercise testing (Table II): For the study gro 
exercise duration averaged 12 + 7 minutes and pe 
work load 431 + 215 kpm. Eighteen patients stoppec 
exercising because of leg fatigue, whereas 2 stopp: 
because of shortness of breath. Heart rate increas 
significantly with exercise from 73 + 17 to 137 +. 
beats/min (p <0.001) or to 84 + 13% of maximal p 
dicted heart rate. Systolic blood pressure increased 
significantly from 145 + 16 to 211 + 29 mm Hg (p 
<0.001) as did diastolic pressure (72 + 14 to 89 + 13, p 
<0.001). 
For the normal control group, the heart rate was s1 ; 
+ 11 beats/min at rest and increased to 140 + 
beats/min (p <0.001) or 85 + 4% of maximal predicted 
heart rate with exercise. Systolic blood pressure 
creased from 127 + 9 to. 195 + 39: mm Hg (p <0.001 
did diastolic blood pressure, from 84 + 12 to 100 + 
mm Hg (p <0.02). Exercise duration averaged 14.8 + í 
minutes and peak work load 500- 182 kpm. 
For the patients with coronary artery disease, 
heart rate was 89 + 21 beats/min at rest and increase 
significantly with exercise to 140 + 20 beats/mi 
<0.001) or to 83 + 11% of the maximal predicted he: 
rate. Systolic blood pressure was 124 + 12 mm Hg at 
and increased to 162 + 9.6 mm Hg (p <0.001). Dias 
blood pressure also increased from 84 + 16 to 103 + 
mm Hg (p <0.02). Exercise duration averaged 10.4 : 
minutes and peak work load 390 + 171 kpm.._ 


Radionuclide Count Data 


Normal control: With exercise, end-diastolic co 
increased to 123 + 20% of control values (p_ <0.0 
Stroke counts and count cardiac output increased. 
all subjects (p <0.001), averaging 148 + 28 and 252 - 
47% of control values. Ejection fraction also increased 
in all subjects, on the average from 72 + 10 to 82 
(p <0.02). 

Aortic regurgitation (Table D: The end- 
count response to exercise in patients wit 
regurgitation was highly variable, averaging 98.3 
of the resting value (p = NS [not significant], range 
to 132%). Similarly, stroke count response was variable 
averaging 96.5 + 19% (p = NS, range 65 to 127%) o 
control values. Ejection fraction at rest was 64 + 11 
64 + 16% at peak exercise (p = NS). Again respon: 
were variable, ranging from an 11 unit increase to a 
ejection fraction unit decrease. Count cardiac ou 
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$ ar 


p< .001 vs Rest 
: {ns vs Rest l 
sda aa 
REST PEAK 


FIGURE 1 Regurgitant index at rest and during peak exercise in patients 
h aortic regurgitation (AR) and in the normal.and coronary disease 
‘ol group. At rest, the regurgitant index was significantly greater 
.001) in patients with AR than in the control patients. With exer- 
e, the regurgitant index decreased (p <0.001) in patients with AR 
d not change in the control group. 


Bowureiiant index: As the regurgitant index at rest 
d during exercise was similar in normal subjects and 
tients with coronary disease, the 2 groups of patients 
were combined for analysis. The regurgitant: index was 
8 + 0.16 at rest, and with exercise did not differ sig- 
icantly: 1. 16 + 0.21. 





t rest was greater than in the control group (3. 46 + 1.25, 

1) and decreased with exercise to 2.6 + 0.8 (p 
ig. 1, Table I). The magnitude of the decrease 
urgitant index was directly related to the 
t index at rest as described by the equation 
— 1.08, r = 0.78, p <0.001 (Fig. 2). 


exercise on radionuclide ventriculographic count 
data and ejection fraction in patients with AR: With 
exercise the percent. change i in end-diastolic counts was 
ectl ly related to changes in the regurgitant index (Fig. 
as given by the equation y = —13x + 110, r = —0. 74, 
001; that is, as the regurgitant index decreased, so 
h nd- diastolic counts,  explai ng in 











In contrast, in patients with AR, the regurgitant indèx ; 


_ Linear regression analysis revealed a correla 


E changes i in ejection fraction with exercise did 


Impact of changing regurgitant index during relate with the end-diastolic count response. 


_ was great interpatient, variability resulting in no change 
_ in mean end-dias 
fraction w 
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FIGURE 2. Relation between the regurgitant index (Rl) at rest and its 
response to exercise. The greater the RI at rest, the greater the de- 
crease with exercise (r = 0.78, p <0.001). : 
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FIGURE 3. Relation between the decrease in the regurgitant. index 
and the end-diastolic count (EDC) résponse. As the regurgitant in 


decreased (or increased in 1 patient) so did end-diastolic cot ts ( 
<0,001). 



















` group. Furthermore, the stroke count respo nse 


ercise was related to the end-diastolic coun 


0.81, y = 0.98x — 0.22, p <0.001 (Fig. 4). 


Discussion 


The purpose of this study was to examine in ade 
ventricular response to exercise in AR using gated ra- ae 
dionuclide ventriculography. The most striking finding 
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on EXERCISE EDC (% of control) 

IGURE 4. Relation between changes in end-diastolic counts and total 
entricular stroke counts with exercise in patients with aortic regurgi- 
tation. Changes in stroke counts (SC) were related to changes in end- 
diastolic counts (EDC) (p <0.004). 
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n normal subjects, all 3 radionuclide variables in- 
ease with exercise, as shown in this and other stud- 
23 The observed variability in stroke counts and 
¢nd-diastolic counts in patients with AR? may in part 
epresent physiologic adaptations to varying degrees of 
regurgitation. The greater the regurgitant index at rest, 
greater the decrease with exercise. The decrease in 
egurgitant index with stress partly accounted for the 
anges in end-diastolic counts. The stroke count 
iges were, in turn, related to changes in the end- 
tolic counts. For the group, because the regurgitant 
decreased and stroke counts did not change, for- 
oke output per beat necessarily increased, a 
response to exercise.*>6 Therefore, a more 
understanding of the response to exercise in 
AR should include an estimation of the regurgitant 
both at rest and during exercise. 
ted radionuclide ventriculography is being in- 
ngly applied to the study of patients with AR. In 
ion to the variables of end-diastolic volume, stroke 
volume, and ejection fraction, several groups have re- 
ported on the regurgitant index, an estimate of the se- 
ty of valvular regurgitation.®12 In our study, in the 
l group at rest the regurgitant index was 1.08 + 
ilar to values previously reported for groups 
left heart regurgitant lesions or left to right 
0-12 Values greater than unity reflect the in- 
of the method to completely separate atrial from 
ular activity. During exercise in the control 
oup, there was no significant change in the regurgitant 
dex. In contrast, in patients with AR, the regurgitant 
dex averaged 3.46 at rest (compatible with moderate 
evere regurgitation’®), and decreased significantly 
ress. In a preliminary report, Horowitz et al’ also 
t the regurgitant index decreases during iso- 
ise in patients with AR. R 































































The decrease in the regurgitant index with 
quent decrease in end-diastolic volume has been 
gested clinically for more than a century as the mi 
nism behind preservation of exercise tolerance? an 
previously been demonstrated with use of cathet 
tion techniques. Levinson et al?9 used indocyanine 
dye to show that the regurgitant fraction decreased 
rest. to exercise in patients with AR. Similar results h 
been reported in patients with combined aortic ste 
and regurgitation.®° Bristow et al?! used ther! 
niques to demonstrate a reduction in end 
volume during exercise in most patients with ; 
et al,'3 using gated radionuclide techniques, ni 
reduction on average in end-diastolic volume in pat 
with severe AR. Recently, Dehmer et al?* repo 
highly variable gated radionuclide end-diastolic vo 
responses to supine exercise in patients with AR. 
several patients showing a marked decrease. =- 

Thus, using divergent methods several groups hi 
demonstrated that left ventricular end-diastolic ve 
can decrease during exercise in patients with AR 
shortened diastolic filling period during exer 
coupled with a lowered peripheral resistance are | 
tulated mechanisms leading to decreased backflo' 
diastolic volumes.29 Judge et al? used rapid 
pacing to shorten the diastolic filling period and di 
onstrated decreases in end-diastolic volume (contr 
angiographic), end-diastolic pressure, and regurgi 
flow per beat in most patients. The ejection fraction 
decreased. More recently, Firth et al? studied the 
fects of increments in atrial pacing rate among pati 
with AR. The regurgitant volume was calculated as 
difference between gated radionuclide -ventr 
graphic total stroke volume and simultaneously 
sured thermodilution forward stroke volume. Pro 
sive increases in heart rate resulted in progressive 
creases in regurgitant flow per stroke and end-dias 
volume. However, ejection fraction and regurgi 
fraction responses were highly variable and unchangt 

for the group. ae 
We have no ready explanation for the 1 patient in 
series who showed an increase in end-diastolic vol 
and regurgitant index with stress. Noninvasive da 
suggested the presence of isolated AR, and she rem. 
in clinical class I at 1-year of follow-up. Theoretic 
an increase in regurgitant valve area with exercise cou 
explain these findings.*? nee 
As noted earlier, the phenomenon of decreasi 
regurgitant index during exercise provides an exp 
nation for the dramatic changes in end-diastolic co 
seen in our patients with AR. Although not dicta 
ejection fraction response (no correlation in this 
or that of Dehmer et al®4), large changes in end-diastolic 
counts may compromise the ejection fraction as an 
index of contractility.3455 In normal hearts, the tachy 
cardia and increased afterload of exercise tend to de- 
crease the ejection fraction. These effects are offset by 
increased venous return and enhanced contract: 
resulting in an increase in ejection fraction.** In patier 
with AR, the effect of tachycardia may be greatly 
aggerated if end-diastolic volume decreases pr 








































































































e regurgitant indexes at rest. With such large volume 
ads at rest, when gross ventricular stroke volume is 
early maximized, failure of the ejection fraction to 
rease or even a frank decrease with exercise may re- 
ect the influence of decreasing end-diastolic volume 
ther than decreased contractility as such. 
n summary, we have shown that radionuclide ven- 
riculography can evaluate the physiology of the ven- 
icular response to exercise in AR, as previously dem- 
strated with more invasive techniques. Measurement 
adionuclide regurgitant index at rest and during 
xercise and tracking the end-diastolic volume and 
tion fraction responses will help to characterize 
hese patients more completely. 
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Clinical _. 
versatility 


redefined. 


The TOSHIBA SSH-40A Cardiac Phased 
Array Sector Scanner brings new meaning to 
clinical versatility. The SSH-40A offers superb 
image quality, extensive computational capability, 
and the ability to perform a wide variety of exami- 
nations. It incorporates advanced technological 
developments such as: Automatic Electronic 
Focusing, the field's first Two Dimensional Gate 
Array Doppler, and a very powerful on-board 
computer. From neonates tò adults, from standard 
views to special flow studies, from simple imaging 
to functional calculations, the new SSH-404 is 
truly a new generation in phased array. 


You expect new innovations from TOSHIBA. 
We're the Total Imaging Company with over 
12,000 ultrasound scanners in use throughout 
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Division of Toshiba America, Inc 


2441 Michelle Dr. ,Tustin, CA 92680 
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Designed with the 
ient in mind. | 


People move, bend, stretch, perspire. 
‘When we designed Nitro-Dur™ (nitroglycerin) 
Transdermal Infusion System, we designed it 
with features to accommodate these human 
factors. Because of the size of Nitro-Dur it has 
features that other nitroglycerin systems 


don’t have. 


It’s big because it’s the only one with a 

_ wide adhesive strip. 

If angina patients were supine for 24 hours, 
adhesion would be a minor concern. But people 
~ move, bend, stretch, and turn while awake and 
asleep. A system has to stay put throughout all 
these movements. 


< -In developing Nitro-Dur, we tested dozens of 

: -tapes before we settled on a microporous tape 

_- known for its excellent adhesion, one that 

-doesn't leave the skin macerated and is 
relatively painiess on removal. 


The Nitro-Dur adhesive strip is wider than that 

on any other system. Wide enough to stay put 

during a 24-hour day of walking, showering, 

bending, standing or sleeping. Wide enough to 
t leaking or falling off, 


g because it’s the only one with an 
absorbent pad. 
Because perspiration could affect adhesion, 
we added an absorbent pad behind the matrix. 
Nitro-Dur is the only system with this feature. 


Surface area determines the dose. 
“The stratum corneum regulates the absorpti 


of cutaneously applied nitroglycerin. Theref 
a$ the surface area of application is increase 
the dose of nitroglycerin also increases. To 
insure a fixed surface area, we offer a solid 
a gel polymer matrix that contains the _ 
active drug. 


The only transdermal to offer you 
greater dosage flexibility. 
Nitro-Dur has four dosage strengths——5, 1 
and 20 cm2 Other systems limit your oes 
two strengths.. 


The only place it’s smaller—the cost 
your patients. 

Your patients can save up to $75 a year using 
Nitro-Dur rather than competitive products. 
Considering that they may be taking the 
product for years, that's.a very importan 
advantage: 


The human factor made us big. You mat eu 
the largest-selling transdermal nitrogly 


system: 


The most widely prescribed 
transdermal nitroglycerin systern 





DESCRIPTION: The Nitro-Dur Transdermal Infusion Sys- 


tem contains nitroglycerin in a gel-like matrix composed’ : re 


Of glycerin, water: purified), lactose, polyvinyl alcohol, 
povidone and sodium citrate to provide a continuous 
source of the active ingredient. Nitro-Dur is available 

in-dosage sizes Scm*, 10cm?, 15cm? and 20cm?, 
“containing 26.mg, 51 mg, 7i m and 104mgof | 
nitroglycerin, respectively, thereby providing precise 
: dosing levels of nitroglycerin. Nitro-Dur hasa rated 
release in vivo of approximately 0.Smg/cm?/24 hours. 

Each unitis sealed in a polyester foil-polyethylene lami- 

“fate. The bandage portion consists.ofa medical grade 
non-woven, heat sealable, microporous tape. 







by venous 
fect of 


S i sma tevels comparable to that of sub- 
lingual nitroglycerin and maintained these levels for 24 
hours. Therapeutic effect is achieved within 30 minutes 
after application of the unit, and persists about 30 
minutes after removal of the unit. 
INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 
~ CONTRAINDICATIONS: intolerance of organic nitrate 
< drugs, marked anemia, increased intraocular pressure 
Or increased intracranial pressure. 
WARNINGS: The Nitro-Dur system should be used under 
. Careful clinical and/or hemodynamic monitoring in pa- 
tients with acute myocardial infarction or congestive 
heart failure. 
in terminating treatment of angina patients, both the 
dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to prevent 
sudden withdrawal reactions, which are characteristic of 
all vasodilators inthe nitroglycerin class. 
PRECAUTIONS: Symptoms of hypotension, such as 
faintness, weakness or dizziness, particularly orthostatic 
: hypotension, may be due to overdosage. If uring the 
course of treatment these symptoms occur, the dosage 
Should be reduced, 
~ Nitro-Dur is not intended for use in the treatment of 
acute anginal attacks. For this purpose, occasional use 
of sublingual nitroglycerin may be necessary, 
-ADVERSE REACTIONS: Transient headache is the most 
‘Common side effect, especially when higher doses of the 
arug are administered. Headaches should be treated with 
mild analgesics while continuing Nitro-Dur therapy. If head- 
ache persists, the Nitro-Dur dosage should be reduced. 
“Adverse reactions reported less frequently include 
otension, increased heart rate, faintness, flushing. 
dizziness, nausea, vomiting, and dermatitis. Except for 
lermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 
-Nitro-Our dosage should be reduced or use of the 
-product discontinued. 
_ HOW SUPPLIED: Nitro-Dur Transdermal infusion System, 
n Sem? 10em?, 15cm? and 20cm?, is available in unit 
<; dose. packages of 28. 
<: CAUTION: Federal law prohibits dispensing without a 
- prescription. ee 
‘PATIENT INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each unit dose package. 


For complete prescribing information, please see 
‘package inert 
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MYOCARDIAL r 
REVASCULARIZATION 
MEDICAL AND SURGICAL ADVANCES IN 


CORONARY DISEASE 
SERE RPS TT EEEE 


The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
Coverage of the subject. presenting many new therapeutic 
modalities not previously published anywhere, This volume is an 
outgrowth of the recent International Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. It is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 


Myocardial Revascularization | : 
features the latest on: ; 


E Streptokinase - Thrombolysis in AMI woe 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


E Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 


E New Calcium Blocking Drugs 


E Cardiac Benefits of Coronary 
Rehabilitation Programs 


E Coronary Bypass Surgery for Angina, — 
Unstable Angina, AMI ae 
are mati a a Gees 
Pigase send me: ; ; 


copies MYOCARDIAL REVASCULARIZATION ($55.00. 

C] Enclosed is my check for . Yorke pays postage and 
handling (same return privilege). New York residents add appropriate 
sales tax. Add $5.00 per book for orders outside the’ U.S. and Canada. 


CT Please bill my EVISA C) MasterCard (same return privilege) a 
Expiration date 
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ventricular ectopic beats (VEB), ventricular couplets 
(VC), ventricular tachycardia (VT), supraventricular 


premature beats (SVPB), and supraventricular 


tachycardia (SVT). Missed beats, marked pauses, 
‘sustained ventricular tachycardia, bradycardia and 
tachycardia are also differentiated by the system. 
_ When the 24-hour monitoring activity is completed, 


AEGIS provides the attending physician with a 


‘comprehensive summary report and confirming rhy- 
thm strips in. minutes. The system is fully-auto- 
mated so no specially-trained office staff is required, 
therefore turnaround time and cost of the procedure 
are substantially reduced. 


_ Microcomputer Technology 
_ The AEGIS Real Time Analyzer, a powerful 8 bit 
_ microcomputer system, combines the recording and 
analyzing activities in one ubit. that analyzes each 
heartbeat i in real time, detecting, categorizing and 
counting arrhythmias.as they actually occur. Because 
the analysis is in real time, the system is able to 
pply substantially more instructions per QRS than 
h more powerful computer systems operating at 

to 240 times real time. 


ate, consistent. arrhythmia detection 
[S analyzes arrhythmias detecting departures 
hythm and Thorphology from each patient’ s 


I al” reférened beat is sontinuelly updated 
roughout the analysis period to account for 
anges in the position of the heart due to body 
ovement. 

bnormal morphologies are detected via both 

ure extraction and template matching. (AEGIS 

nique in its use of both methods of analysis.) 
en deviations exceed specified criteria, a mor- 
ogy change is noted. 
Rate, rhythm and morphology information is then 
applied to decision algorithms to determine the clas- 
sification of each specific morphology change. 


Ove oming probleme c caused by artifacts 


of highly refined clbgeitigatinn algorithms develo, 
from a data base of several hundred patien : 
variety of morphologies, amplitudes and artifacts. 
A dual channel system, AEGIS also has the unique 
capability of being able to sense when artifacts are 
overwhelming the usefulness of information and to: 
switch automatically to the other lead signal for: 
processing. 


Decision-making capability 
The AEGIS 8 bit microcomputer system is aug: 
mented by an analog preprocessor which performs“ 
filtering, automatic gain control and QRS detection 
functions. Thus, the microcomputer has more time 
and memory available for real time decision making 
In fact, AEGIS is able to apply many more com- 
puter cycles in this decision making than far more 
expensive scanner systems operating at high speed 
Simplification | 
Because all analysis occurs within the compact 2 2 
pound AEGIS Real Time Analyzer, the conventio al 
high-speed scanner is replaced by a simple, auto 
matic playback unit called a Report Generator. The 
need for a specially trained operator is eliminated. 
Also eliminated are the dependence of reports on. 
the qualitative perceptions of individuals and the 
inaccuracies or inconsistencies that result from 
operator variability and fatigue. 


Advantages to the physician 

The AEGIS System eliminates the tamarouid i 
involved in using a scanning service—diagnostic 
results are printed in the physician's office, a : 
immediately. 

All components have built-in quality cont rt 
checks for rigorous verification of the system's 
integrity. Patient hook-up is identical to th 
conventional Holter ECG recording systems; a 
with minimal training, anyone can operate the’ Re- 
port Generator. Once begun, the printout process 
requires no operator attendance and rhythm strips 
as well as summary categorization reports are con 
pleted in minutes. 

AEGIS can significantly reduce the cost of com 
plete Holter analysis, and since it is a software base 
system, the physician can keep it updated as new 
technological advances are made. AEGIS Ambula- 
tory Monitoring Systems, Medical Concepts, | 
137 Gaither Drive, Mt Laurel, New Jorzay 0907 
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VARIO’...the diagnosti 
true voltage thresholds 








B. 
~ 
5 pulses without ventricular response here indicate a threshold value of 
5 x 0.15 or 0.75V. The pacer is programmed to 2.5V output. 
} 
a 


system that gives you 
Non-invasively. 


The Vario principle is based on 


The pacemaker returns to 


a lowering of the pulse amplitude normal functioning the moment 


of the pacer in 16 distinct steps. 
This step-down is achieved by 
applying a magnet to the skin 
over the implanted unit. 

The true voltage threshold is 
obtained by simply counting the 
pulses on the EKG strip. The 
number of pulses, which do not 
depolarize the heart, are then 
multiplied by the voltage 
difference. 
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Siemens. 


the test magnet is removed. 


The unique Varioe system has 
been in clinical use since 1971 
and has become an invaluable 
diagnostic tool. It is now 
incorporated in almost all 
Siemens-Elema pacers. 


NOTE: 
For proper instructions and application refer to physicians manual. 
82217 


For further information, contact: 
SIEMENS-ELEMA 

U.S. Division: 

Siemens-Elema Pacemaker Systems 
1765 Commerce Drive 

Elk Grove Village, IL 60007. 

Phone (312) 981-4910, (800) 323-0619. 


Headquarters: Pacemaker Division 
S-17195 Solna, Sweden. 


MG/5830-014 


‘We were the first. We still are. 








Consistent control counts.. 





in hypertension, too. 


LOPRESSOR’ 


metoprolol tartrate 


For consistent BP control... 


.. during physical and mental stress 


Lopressor competes with catecholamines at beta- 
one receptor sites in the heart which usually 
lessens stress-induced rises in BP in hyperten- 
sive patients. 


.. throughout the day 


Generally provides continuous reduction in 
systolic and diastolic pressures, including good 
reduction during the night* 


.. with excellent patient acceptance 


Adverse effects mostly mild and transient. Tired- 
ness, dizziness about 10%, depression, diarrhea 
about 5%. See brief summary of Prescribing 
Information on next page. 


*Mann S, etal. Clin Sci 1979; 57:375s-377s 
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Summary of Prederibing: infomation 


indications Lopressor is indicated in the man- 
ement of hypertension. It may be used alone 
r in.combination with other antihypertensive 
gents, especially thiazide-type diuretics. 
Contraindications Lopressor is contraindicated 
in-sinus bradycardia, heart block greater than 
$ t degree, cardiogenic shock, and overt car- 
jac failure (see Warnings). 
tnings Cardiac Failure: Sympathetic stimula- 
on is a vital component supporting circulatory 
nction in congestive heart failure, and beta 
skade carries the potential hazard of further 
essing myocardial contractility and pre- 
ipitating more severe failure. In hypertensive 
atients. who have congestive heart failure con- 
rolled by digitalis and diuretics, Lopressor 
should be administered cautiously. Both digitalis 
ind metoprolol slow AV conduction. 
In Patients Without a History of Cardiac 
Failure: Continued. depression of the myocar- 
dium: with beta-blocking agents over a period of 
e can, in some cases, lead to cardiac failure. 
e first sign or symptom of impending car- 
lac failure, patients should be fully digitalized 
ndor be given a diuretic, and the response 
bserved closely, If cardiac failure continues, 
lespite. adequate digitalization and diuretic, 
pressor therapy should be withdrawn. 
ischemic Heart Disease: Following abrupt ces- 
sation of therapy with certain beta-blocking 
gents, exacerbations of angina pectoris and, 
‘some cases, myocardial infarction have been 
eported. Even in the absence of overt angina 
„pectoris, when discontinuing therapy, Lopressor 
should not be withdrawn abruptly, and patients 
should be cautioned against interruption of 
herapy without the physician's advice. 
-Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
ENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, 
owever, Lopressor may be used with cau- 
tion.in patients with bronchospastic disease 
ho do not respond to, or cannot tolerate, 
ther antihypertensive treatment. Since beta, 
electivity is not absolute, a beta,-stimulat- 
fig agent should be administered con- 
comitantly and the lowest possible dose of 
etoproiol should be used. It may be pru- 
lent initially to administer metoprolol in 
smaller doses three times daily, instead of 
‘larger doses two times daily, to avoid the 
igher plasma levels associated with the 
longer dosing interval. (See Dosage and 
\dministration.) 
Major Surgery: The necessity or desirability of 
vithdrawal of beta-blocking therapy prior to ma- 
t surgery is controversial. It should be noted, 
owever, that the impaired ability of the heart to 
spond to reflex adrenergic stimuli may aug- 
nt the risks of general anesthesia and 
urgical procedures. 
letoprolol, like other beta blockers, is a com- 
ive inhibitor of beta-receptor. agonists and 
effects can be reversed by administration of 
agais, @.g., dobutamine or isoproterenol. 
T: such patients may be subject to 
acted severe hypotension. Difficulty in re- 
ting and maintaining the heart beat has 
iso been:reported. with beta blockers. 
jabetes Mellitus: Beta-adrenergic blockade 
nay Mask symptoms of hypoglycemia (e.g., 
achycardia) and may potentiate insulin-induced 
ypoglycemia. Lopressor should therefore be 
sed with caution in diabetic. patients, especially 
se with labile diabetes. 
hyrotoxicosis: Beta- -adrenergic blockade. may 
nask certain clinical signs-(e.9,, tachycardia) of 





1g thyrotoxicosis should be managed carefully 
avoid abrupt withdrawal of beta blockade 
if ich A might Brenna. a troia Storm: 


 ettect when given with beta-blocking gents. 
Patients treated with Lopressor plus a cate- 


yperthyroidism: Patients suspected of develop: > 





cholamine depletor should therefore be closely 
observed for evidence of hypotension and/or 
marked bradycardia which may produce vertigo, 
syncope, or postural hypotension. 

Long-Term Animal Studies: Long-term studies 
in animals have been conducted to evaluate 
toxic effects and carcinogenic potential. ina 
one-year study in dogs, there was no evidence 
of drug-induced toxicity at or below oral doses 
of 105 mg/kg per day. Two-year studies in rats 
at three oral dosage levels of up to 800 mg/kg 
per day did not indicate an increase in the 
development of spontaneously occurring benign 
or. malignant neoplasms of any type. The only 
histologic changes which appeared to be drug- 
related were an increased incidence of generally 
mild focal accumulation of foamy macrophages 
in pulmonary alveoli and a slight increase in 
biliary hyperplasia. Neither finding represents 
symptoms of a known disease entity in man. in 
a 21-month study in mice at three oral dose 
levels of up to 750 mg/kg per day, benign lung 
tumors (small adenomas). occurred more fre- 
quently in female mice receiving the highest 
dose than in untreated control animals. There 
was no increase in malignant lung tumors: or 
total. (benign plus malignant) lung tumors. The 
overall incidence of tumors or malignant tumors 
was also unaffected by metoprolo! 
administration. 

Usage in Pregnancy: Reproduction studies in 
animals did not reveal arny evidence of impaired 
fertility or of teratogenic potential. There was 
evidence in the rat of increased postimplanta- 
tion loss and decreased neonatal survival 
{threshold between 50 and 500 mg/kg). Distribu- 
tion studies in mice confirm exposure of the 
fetus when metoprolol is administered.to the 
pregnant animal. There. are no well-controlled 
Studies.in pregnant women. Lopressor should 
be used in pregnant women only when clearly 
needed. 

Nursing Mothers: it is not known whether this 
drug is excreted in human milk. Since most 
drugs are excreted in human milk, nursing- 
should not be undertaken by mothers receiving 
metoprolol, 

Usage in Children: Safety and effectiveness in 
children have not been established. 

Adverse Reactions Most adverse affects have 
been mild and transient. 

Central Nervous System: Tiredness and dizzi- 
ness have occurred in about 10 of 100 patients. 
Depression was reported in about 5 of 100 
patients. Headache, nightmares, and insomnia 
have also been reported but drug relationship is 
not-clear. 

Cardiovascular: Shortness of breath and bra- 
dycardia have occurred in approximately.3 of 
100 patients. Cold extremities; arterial insuffi- 
ciency, usually of the Raynaud type; palpitations 
and congestive heart failure have been re- 
ported. See Contraindications, Warnings, 
and Precautions. 

Respiratory: Wheezing (bronchospasm) has 
been reported in less than 1 of 100 patients. 
See Warnings. 

Gastrointestinal: Diarrhea has occurred in 
about 5 of 100 patients. Nausea, gastric pain, 
constipation, flatulence, and heartburn have 
been reported in 1 of 100 or less, 

Allergic: Pruritus has occurred in less than 

1 of 100 patients. 

Miscellaneous: Peyronie's disease has been 
reported in less than T of 100,000 patients. 

The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been 
reported with Lopressor during investigational 


-use and foreign marketing experience: 








verse ‘effects of metoprolol. 


Never New York 10502. 








Central Nervous System: Reversible mental 
depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible © 
syndrome characterized by disorientation for... 
time and place, short-term memory loss, emo- 
tional lability, slightly clouded sensorium, and ry 
decreased performance on neuropsychometrics. 
Cardiovascular: Intensification of AV block (see 
Contraindications). 

Hematologic: Agranulocytosis, nonthrom- 
bocytopenic purpura, thrombocytopenic. purpura. 
Allergic: Erythematous rash, fever combined |. 
with aching and sore throat, laryngospasm and: 
respiratory distress. 

Miscellaneous: Reversible alopecia. 

Clinical Laboratory Test Findings: Elevated 
blood urea levels in patients with severe heart. 
disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase. 


Dosage and Administration. Dosage of 
Lopressor should be individualized. The usual 
initial dose is 50 mg twice daily whether used. 
alone or added to a diuretic. The dosage may ; 
be increased at weekly (or longer) intervais until i 
optimum blood pressure reduction is achieved. 
in general, the maximum effect of any given ` 
dosage level will be apparent after one-week: of 
therapy. Usual maintenance dosage is approx: : 
imately 100 mg twice a day, with a range of 100 
to 450 mg per day. Dosages above 450'mg per 
day have not been studied. While twice-daily. 
dosing is effective and can maintain a reduction: 
in-blood pressure throughout the day, some- - 
patients, especially when lower dosages are. oce 
used, will experience a modest rise in blood... 
pressure toward the end of the 12-hour dosing 
interval. This can be evaluated by measuring > 
blood pressure near the end of the dosing inter- 
val to determine whether satisfactory control is 
being maintained throughout the day..|f contro! : 
is not adequate, a larger dose, or. three times 
daily therapy, may achieve better control: Beta, 
selectivity diminishes as dosage of Lopressor} is 
increased. 

This drug should be stored at controlled room 
temperature and protected from moisture. 
How Supplied Tabiets of 50 mg (capsule- 
shaped, scored, light red, film-coated) and... 
100 mg (capsule-shaped, scored, light blue. 
film-coated) are supplied in bottles of 100 and 
1,000 and Unit Dose Packages of 100. - ; 
Store at controlled room temperature and pro- : 
tect from moisture. 
Dispense in tight, light-resistant container (USP), 
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Consult complete product literature betore cas 
prescribing. : 
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ndexes of Intravascular Hemolysis, Quantif 2 
Coagulation Factors, and Platelet Survival in 
atients With Porcine Heterograft Valves 


T JOMPSON, MD, JESSICA H. LEWIS, MD, FREDERICK L. PORKOLAB, MO, 
\SIBA, MD, and JOEL A. SPERO, MD, With the technical assistance of 


AN WILSON, MT and MICHAEL SNYDER, BS 


Ten patients with porcine heterograft valves who 
were not receiving anticoagulant agents were 
luated to determine the effect of the valve on red 
blood cell survival and on platelet activation and 
imption as measured by (1) quantification of 
agulation mechanism, (2) platelet function 

, and (3) 51-chromium platelet survival time. 

was no evidence of significant intravascular 
iolysis as determined by the reticulocyte count, 

m iron and iron binding capacity, serum bilirubin 

vel, or lactic dehydrogenase activity. The coagu- 


c and hemolytic complications after cardiac 
e eplacement represent a substantial cause of 
e and mortality. +6- Since 1970, approximately 
nts have undergone bioprosthetic valve 

the glutaraldehyde-preserved porcine 

jor advantage of the porcine valve is the 

of intravascular hemolysis and systemic 

on.’ This study evaluates the effect of the 
erograft: valve on red.blood cell destruction 

ed by indexes of intravascular hemolysis, and 
upon platelet:activation and consumption as 

ed by (1) quantification of the coagulation 
ism, (2) platelet function studies, and (3) 51- 
um platelet survival time. The latter allows es- 
of the thrombogenic potential of a prosthetic 


sions of Cardiology and Coagulation, Department of 
niversity of Pittsburgh; and the Central Blood Bank of 
ittsburgh, Pennsylvania. This study was supported by Na- 
es of Health Grants HL 02254 and 5-M01-RP000-56-20 
neral Clinical. Research Center, University of Pittsburgh, 
‘the: Western Pennsylvania Heart Association, Pitts- 

nia. Dr. Porkolab was supported by a research fel- 

e York-Adams ert of the ve Affiliate, 


lation profile and the platelet function studies we 
normal. No statistically significant difference w 
found in the platelet survival time in the 10 patient 
with porcine heterograft valves (half-life 3.2 + | 
days) and the 11 normal control subjects (half-li 
3.6 + 0.6 days) (p >0.2). The finding of a norm 
platelet survival time in patients with porcine hi 
erograft valves is consistent with clinical experience 
indicating that this device is associated with 
incidence of systemic embolization, approxim ting 
3% per year. : 


Methods 


All 10 patients had Hancock porcine heterograft valv 
(Vascor, Anaheim, California). replacement 7 to 49 month: 
before participation in the study: 8 had mitral valve rep 
ment alone (model 342) and 2 had mitral and aortic valve r 
placements (model 242). Eight were in sinus rhythm a st 
(Table I). The bioprosthetic valve or. valves were function 
normally without. evidence of regurgitation or stenosis. 
gestive heart failure and a history of systemic embolizatio: 
either before or after valve replacement, were not: present. Ni 
patient was receiving the anticoagulant agent warfarin o 
drug known to affect platelet function at study. 

The following variables were used to judge the exte 
intravascular hemolysis: hemoglobin, hematocrit, reticul 
count, serum iron and iron binding capacity, serum hapto 
globin, and lactic dehydrogenase activity; the latter’ 2 
the most sensitive and specific (Table I1).!011 ws 

Coagulation profiles, assays of coagulation factors, 
platelet function studies were performed in 9 patients 
III to V). These studies were performed using previou 
scribed or standard methods.!2-!4 A modificatio 
method described by Saltzman! was used to determin. 
glass bead retention index. eee 

Platelet survival studies were carried out in 11 norma 
volunteers and the 10 patients utilizing autologous 51-cl 
mium-labeled platelets. The platelets were obtained. 
manual plasmapheresis, and the survival studies we 
formed in accordance with the report of the Internationa 
Committee for Standardization in Hematology.!® The plat 

in the patients were compart ody 
mal volunteers. Studen 
for statistical an 
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Results 


‘The results are summarized in the accompanying 
ables. There was no evidence of significant intravas- 
cular hemolysis (Table II). The screening tests of 
coagulation (Table III) gave normal results. Likewise, 
here was no evidence of intravascular coagulation. 
ssays of coagulation factors (Table IV) and platelet 
unction studies (Table V) gave normal findings. 

The platelet half-life in 11 normal control subjects 
was 3.6 + 0.6 days. In the 10 patients: with porcine het- 
erograft valves who were not receiving anticoagulant 
therapy, the platelet half-life was 3.2 + 0.8 days (Table 
I). No statistically significant difference was observed 
the platelet survival time in the patients with porcine 
yeterograft valves and in the normal control subjects 
(p >0.2). 


Discussion 


Intravascular hemolysis as a result of trauma to red 
blood cells is a common complication of prosthetic heart 
alves.!8-20 In evaluating patients for intravascular 
molysis, the most sensitive and specific indexes are 


BLE Il- Evaluation of Intravascular Hemolysis 








: Normal Mean., © Range 

Hemoglobin (g/dl) >13 15.1 13.1-17.6 
a mous count (% ) 2 1.95 0.3-4 

rum iron (g/dl) 80--160 127 57-201 
inding Capacity (ug/dl) 250-420. 325 . 294-411 
zdi) 30-170 103 45-225. 

) <1.4 1.09 0.5-1.8 

<170 175 


122-276 


‘ABLE Mi Coagulation Tests 












Normal 
Range 
: (seconds) Mean Range 
thrombin time 10.8--13.0 10.8 9.6~11.8 
Ctivated partial = 26-34 © 30.5"... 27.5-35.4 
thromboplastin time ee BAT TR Ae 
ombin time: : 13-18 oe 115.416,14: 
thanol/protamine gel eh ea aan he 
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ae Age (yn) 
> Patient & Sex: + (mo) Rhythm Replaced (Days Half-Life) 
“4 29M 7 S A/M 3.0 
2 66F 11 S M 2.4 
3 57M 12 S M 3.2 
4 62M 14 S M 2.0 
5. 47F 15 S M 3.7 
6 34F. 16 S M 3.4 
7 47M 22 AF M 2.5 
8 66F 31 $ M 3.0 
9 51M 39 AF A/M 4.7 
10 52M 49 S M 3.8 




















A= aortic; AF = atrial fibrillation; M = mitral; S= sinus rhythm. 


~ for long-term anticoagulant therapy. Patients with 
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serum lactic dehydrogenase activity >500 IU and a 
depressed level of serum haptoglobin. 10,11 No patient 
with a porcine bioprosthesis in this study had evidence - 
of significant intravascular hemolysis. The degree of 
intravascular hemolysis associated with the porcine | 
bioprosthesis is comparable to that demonstrated for 
the newer tilting disc-type valves (Björk-Shiley) and i is 
of no clinical significance.” e 
Study of the effects of artificial heart valves on. the 
coagulation profile has been limited due to the necessi 








porcine bioprostheses have not required anticoagu 
tion; hence, a study of their coagulation and pl. 
activity is feasible. The tests of the plasma coagulation 
mechanism were normal and suggested no abnormality _ 
resulting from the prosthetic device. Platelet function — 
has been studied in patients with prosthetic heart valves 
by several investigators and also was reported: to be 
normal.®.22 Platelet function studies, in contrast to 





TABLE IV Coagulation Factor Assay 








Factor < Normal Range Mean Range 
l 150-450 mg/di 330.00 215-56: 
i 0.5-1.5 U/ml 1.06 0.75— 

Vv 0.5-1.5 Umi 1.01 (06 
vil 0.5-4.5 U/mi 107 8 
Vill 0.5-1.5 U/ml 1.37 A 
IX 0.5-1.5 Urni 1.12 

xX 0.5-1.5. U/ml 0.95 

xI 0.5-1.5 U/ml 1:04 

XII 0.5~1.5 U/ml 1.12 

Fletcher 0.5~—1.5. U/ml. 0.99 ~ 

AT iil 80- 129 Urmi 105.29 © 


TABLE V. Platelet Function 





Normal Mean 
150-450 238 








Platelet count 1,000 mm? 


Platelet aggregation 
ADP 4 X 1075M >60% 
ADP. 4 X- 1078M" >60% 
Collagen oee i Hu 60% 
Ristocetin 0 BOG 
Thrombin... cae 





platelet survival studies, are not predictive of future 
thromboembolism in patients with prosthetic heart 
valves.3.9 
_ Kinetic platelet survival studies have been useful in 
predicting future thromboembolic events.? Platelet 
survival (half-life 3.2 + 0.8 days) in our 10 patients with 
Hancock porcine valves who were not receiving anti- 
: lant therapy did not differ significantly from the 
vival time determined in 11 normal subjects 
+06 days) (p >0.2). Lee et al?5 determined 
latelet half-life in 10 patients with the Hancock 
i ne valve who were not receiving anticoagulant 
agents to be 2.9 + 0.6 days, which was significantly 
horter than the platelet half-life of 5.1 + 0.5 days ob- 
served in 7 normal control subjects (p <0.05). The sta- 
tistical differences observed in these 2 reports may be 
xplained by the relatively small number of subjects in 
each study. The finding of a normal platelet survival 
‘time in patients with Hancock porcine heterograft 
valves complements the normal platelet survival time 
ound in patients with homograft prosthetic valves.®9 
‘he similarities in tissue composition between the ho- 
mograft valve and the Hancock valve lends credence to 
his observation and is consistent with clinical experi- 
ce indicating this device is associated with a low in- 
idence (approximately 3% per year) of systemic em- 
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From March 1977 through April 1982, 2-dimensional 
echocardiography detected 372 patients with 
rheumatic mitral valve disease. Of these patients, 
23 (6%) had tricuspid valve involvement. Two- 
dimensional echocardiographic criteria of rheumatic 
ricuspid valve disease included thickened leaflets 
with restriction in motion, diastolic doming, and 
encroachment of the leaflet tips on the ventricular 
inlet. These criteria provided a sensitivity of 100%, 
specificity of 90%, a predictive accuracy of 21%, 
_and a negative predictive value of 100% in diag- 
nosing hemodynamically significant tricuspid ste- 
nosis. 

_ Hemodynamic variables in patients with rheu- 
- matic tricuspid valve disease (Group I) were com- 


| patients with rheumatic heart disease, the reported 
cidence of tricuspid valve involvement varies, ranging 
from 3.5! to 67%.2 Most reports are from the preanti- 
biotic era and from underdeveloped nations. One recent 
port? claims that finding a thickened and restricted 
icuspid valve on 2-dimensional echocardiographic 
udy is predictive of hemodynamically significant tri- 
ispid stenosis (TS). In this report we attempt to (1) 
define the incidence of rheumatic tricuspid valve disease 
the present era, (2) determine the sensitivity, speci- 
ficity, predictive accuracy, and negative predictive value 
f the 2-dimensional echocardiographic criteria of 
umatic TS, (3) evaluate the hemodynamic conse- 
nces of rheumatic tricuspid valve disease, and (4) 
etermine whether hemodynamic variables can dif- 
rentiate primary rheumatic TR from secondary TR 
patients with rheumatic mitral valve disease. 
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pared with those in patients with no rheumatic tri- 
cuspid disease (Group Il). The only significant dif- 
ference was mean right atrial pressure (15 + 7mm _ 
Hg versus 11 + 5 mm Hg, p <0.02). Both groups) =; 
were classified into patients with (A) and without (B) 
significant tricuspid regurgitation (TR). There was 

no significant difference in any hemodynamic vari- 

able when Group IA was compared with Group IIA. | 

In addition, there was no difference in any hemo- 
dynamic variable when patients with functional TR 
(Group IIA) were compared with those with rheu- o 
matic mitral valvular disease without TR (Group IIB). 
Two-dimensional echocardiography and cardiac 
catheterization provide complementary diagnostic mee 
information in these patients. 


Methods 


The 2-dimensional echocardiographic reports from Habe 
nemann University and Hospital from March 1977 through 
April 1982 were reviewed. Of 372 patients with rheumatic —. 
mitral valve disease, 23 also had rheumatic tricuspid valve 
involvement. An additional 7 Leet with prosthetic mitral 
valves had rheumatic tricuspid valve disease. The echo 
diographic; hemodynamic, and angiographic findings i in the 
patients were reviewed retrospectively. E 

Echocardiography: Two-dimensional echocardiogra i 
studies were performed with the patient in the supine or 
lateral decubitis position. These patient studies. were done 
using either’ a Grumman Health Systems RT 400 or Varian 
V 3000, 3000R, or 3400 phased array sector scanner. A 
plete study consisted of the parasternal long- and 
views, the apical 2- and 4-chamber views, and the p 
right ventricular inflow tract view. Images were re 
videotape for analysis. Hlustrations were obtained fre 
laroid® photographs of stop-action single frame i images nade 
from the videotape recordings. ee 

Rheumatic. mitral valve disease was defined as increased 
thickening of the mitral valve leaflets, restricted leaflet mo- 
tion, encroachment of the leaflet. tips into the left ventricular. 
inlet, and diastolic doming of the leaflets (particularly ani 
























- sobtuse angular bend of the anterior leaflet). Similar findings _ 





eee restricted motion, encroa shment of ce 





of increased 
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echocardiographic criteria were compared with hemodynamic 
and angiographic findings. 


Catheterization techniques and interpretation: Of the 
379 patients, 151 underwent cardiac catheterization. The 
hemodynamic and angiographic findings were reviewed. 
Hemodynamic data were available for all 151 patients, but 
patients with a mitral prosthesis or an echocardiographically 
normal tricuspid valve and no right ventriculography were 
excluded from hemodynamic analysis. These exclusions left 
50 patients: 15 with 2-dimensional echocardiographic features 
of rheumatic tricuspid valve involvement (Group I), 31 with 
rheumatic mitral valvular disease and no echocardiographic 
tricuspid valve involvement who had undergone right ven- 
triculography during catheterization (Group II), and 4 with 
a prosthetic mitral valve and echocardiographic rheumatic 
tricuspid valve disease. There were 7 men and 43 women, aged 
22 to 72 years (mean + standard deviation 55 + 12). The pa- 
tients in Groups I and II were subdivided according to the 
presence (A) or absence (B) of significant TR. Eight patients 
in Group I had right ventriculography performed as part of 
the catheterization; 7 had significant TR and formed Group 
IA. (The other 7 patients in Group I did not have a right 
ventriculogram. Whether or not they had TR is not known. 
Therefore, they are excluded from this part of the data anal- 
ysis.) All patients in Group II had right ventriculography. 
Eleven of the 31 patients in Group II had significant TR, and, 
thus, formed Group IIA. Twenty patients in Group II had no 
or insignificant TR and formed Group IIB. Right atrial, right 
ventricular, pulmonary artery, pulmonary capillary wedge or 
left atrial, and left ventricular pressures were recorded using 
Bentley Transtec or Statham P23DP transducers. Cardiac 
output was determined using the indocyanine green dye 
dilution. Pulmonary vascular resistance was calculated. Mitral 
stenosis was considered hemodynamically significant if the 
calculated mitral valve area was <1.5 cm?. Right atrial and 
right ventricular pressures were measured simultaneously. 
TS was considered hemodynamically significant if there was 
at least a 2 mm Hg diastolic gradient across the tricuspid valve, 
regardless of the presence of TR. 

Left ventriculography was performed using either biplane 
(right anterior oblique and left anterior oblique views) or 
single plane (right anterior oblique view) technique. Right 
ventriculography was performed using either biplane (right 
anterior oblique and left anterior oblique views) or single plane 
(right anterior oblique) techniques. If the procedure was 
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performed by way of the transfemoral route, a pigtail catheter 
with a preformed curve was used so that the catheter coursed 
from a superior to inferior direction across the tricuspid valve. 
If the procedure was performed by brachial cutdown, a model 
7 NIH catheter was used for right ventriculography. The de- 
gree of mitral insufficiency or TR was classified according to 
the following scale, suggested by Grossman‘: 1+ (regurgitant 
contrast material essentially clears with each beat and never 
opacifies the entire atrium), 2+ (regurgitant contrast does not 
clear with 1 beat and generally opacifies the entire atrium after 
several beats, but the degree of opacification does not equal 
that of the ventricle), 3+ (regurgitant dye completely opacifies 
the atrium and equals opacification with the ventricle), and 
4+ (opacification of the atrium occurs in 1 beat and becomes 
progressively more dense with each beat). Valvular insuffi- 
ciency (either mitral or tricuspid) of 22+ was considered 
significant. 

Using the data from the 151 patients who had hemodynamic 
study, the sensitivity, specificity, predictive accuracy, and 
negative predictive value of the 2-dimensional echocardio- 
graphic diagnosis of hemodynamically significant TS were 
calculated as follows: Sensitivity = [true positive/(true positive 
+ false negative)] X 100; Specificity = [true negative/(true 
negative + false positive)| X 100; Predictive accuracy = [true 
positive/(true positive + false positive)] X 100; Negative 
predictive value = [true negative/(true negative + false neg- 
ative)| X 100. 

Statistical analysis was performed using the Student’s t test. 
Probability values <0.05 were considered significant. 


Results 


Echocardiographic findings: Of 372 patients with 
2-dimensional echocardiographic features of rheumatic 
mitral valve disease, 23 patients also had echocardio- 
graphic features of rheumatic tricuspid valve disease 
(incidence = 6.2%). Simultaneous right ventricular and 
right atrial pressure measurements were recorded in 19 
patients with echocardiographic tricuspid valve in- 
volvement (15 patients from Group I and 4 patients with 
a mitral prosthesis), 4 patients (21%) had TS (Fig. 1 and 
2); and 15 patients had no diastolic tricuspid valve 
gradients. Hemodynamic data were available in 132 
patients without echocardiographic tricuspid valve in- 
volvement; no patient had hemodynamic TS. Thus, 
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FIGURE 1. Two-dimensional echocardiographic study of a patient with rheumatic tricuspid valve disease. The right ventricular inflow tract view 
is shown. The anterior and posterior tricuspid leaflets (atl, ptl) are thickened and restricted in motion during diastole. The patient had pure TS. RA 
= right atrium; RV = right ventricle. 
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FIGURE 2. Right ventriculogram (from the patient in Fig. 1) showing no 
TR. 


2-dimensional echocardiography has a sensitivity of 
100%, a specificity of 90%, a predictive accuracy of 21%, 
and a negative predictive value of 100% in identifying 
patients with hemodynamically significant TS. Twelve 
patients with echocardiographic rheumatic tricuspid 
valve involvement had right ventriculography per- 
formed during cardiac catheterization. Nine patients 
(75%) had significant TR (Fig. 3 and 4). 
Hemodynamic variables (Fig. 5): Analysis of the 
hemodynamic variables in patients with rheumatic 
tricuspid valve disease (Group I) showed a significantly 
higher mean right atrial pressure than in patients 
without rheumatic tricuspid valve disease (Group II) 
(Table I). However, there was no significant difference 
between the groups in mean pulmonary capillary wedge 
pressure, pulmonary arterial systolic pressure, mean 
pulmonary arterial pressure, right ventricular end- 
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TABLE! Hemodynamic Values in Patients With (Group 1!) 
and Without (Group Il) Rheumatic Tricuspid 
Valve Disease 








Group | Group Il 

(n = 15) (n = 31) p 
Mean PCWP (mm Hg) 2649 25+ 8 NS 
PA systolic (mm Hg) 60 + 26 52 + 19 NS 
PA mean (mm Hg) 40 + 16 37+ 13 NS 
RVDP (mm Hg) 13 +6 11:5 NS 
RA mean (mm Hg) 1545 E A <0.02 
PVR (dynes s cm~ 5) 409 + 316 262 + 204 NS 





NS = not significant; PA mean = mean pulmonary arterial pressure; 
PA systolic = pulmonary arterial systolic pressure; PCWP = pulmonary 
capillary wedge pressure; PVR = pulmonary vascular resistance; RA 
mean = right atrial mean; RVDP = right ventricular end-diastolic 
pressure. 


TABLE Il Hemodynamic Values in Patients With 
“Primary” (Group IA) and “Secondary” 





(Group IIA) 

Group IA Group IIA 

(n = 7) (n= 11) p 
Mean PCWP 25+6 28+ 11 NS 
PA systolic (mm Hg) 59 + 28 55 £21 NS 
PA mean (mm Hg) 39 + 17 39 + 16 NS 
RA mean (mm Hg) 16+ 8 PEES NS 
PVR (dynes s cm~) 400 + 397 283 + 227 NS 





Abbreviations as in Table I. 


diastolic pressure, or pulmonary vascular resistance. 
There was no significant difference in any of the he- 
modynamic variables when patients with rheumatic TR 
(Group IA) were compared with those with functional 
(Group IIA) (Table II), nor when patients with func- 
tional TR (Group IIA) were compared with those with 
rheumatic mitral valvular disease and no functional TR 
(Group IIB) (Table III). 
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FIGURE 3. Two-dimensional echocardiographic study of a patient with rheumatic tricuspid valve disease. The right ventricular inflow tract view 
is shown. The anterior and posterior tricuspid leaflets (atl, ptl) are thickened and restricted. The patient had pure TR. RA = right atrium; RV = right 


ventricle. 
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FIGURE 4. Right ventriculogram (from the patient in Fig. 3) showing 
severe TR. 


Discussion 


In our 2-dimensional echocardiographic study, the 
incidence of rheumatic tricuspid valve involvement in 


_ patients with rheumatic mitral valve disease is 6.2%. 


This incidence is somewhat different from that noted 
in previous studies. Autopsy studies have shown the 
incidence of rheumatic tricuspid valve involvement in 
patients with rheumatic heart disease to range from 
3.5%! (in a series published in 1940) to 67%? (in a series 
published in 1923). However, most pathologic series®-!! 
have shown tricuspid valve involvement in approxi- 
mately 30 to 50% of people with rheumatic heart disease. 
Although these incidences are higher than ours, 2 factors 
must be considered. First, we diagnosed rheumatic 
tricuspid valve disease by 2-dimensional echocardiog- 
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TABLE Ill Hemodynamic Values in Patients With (Group 
IIA) and Without (Group IIB) “Secondary” TR 

Group IIA Group IIB 

(n = 11) (n = 20) p 
Mean PCWP (mm Hg) 28+ 11 2447 NS 
PA systolic (mm Hg) 55 + 21 50 + 18 NS- 
PA mean (mm Hg) 39 + 16 34 + 14 NS 
RVDP (mm Hg) 1045 1245 NS 
RA mean (mm Hg) 1tÆ£5 145 NS 
PVR (dynes s cm~) 283 + 227 251+ 195 NS 


Abbreviations as in Table I. 


raphy, not morphologically. Gross pathologic disease 
was probably necessary since most patients had he- 
modynamically significant TS or TR; and, thus, 2- 
dimensional echocardiography may underestimate the 
actual incidence of anatomic rheumatic tricuspid valve 
involvement. Second, most previous studies were done 
in the preantibiotic era, when the incidence and severity 
of rheumatic fever was greater than it is now. Therefore, 
the actual incidence of tricuspid valve involvement may 
be lower today. 

Recently, Guyer et al? suggested that 2-dimensional 
echocardiography is a sensitive and specific method of 
evaluating patients with suspected TS. They found the 
sensitivity of 2-dimensional echocardiography to be 
100%, the specificity to be 91%, the predictive accuracy 
to be 70%, and the negative predictive value to be 100% 
in diagnosing hemodynamically significant TS. Al- 
though our figures for sensitivity, specificity, and neg- 
ative predictive value are similar, we do not find the 
predictive accuracy of 2-dimensional echocardiography 
to be as high (70 versus 21%). When 2-dimensional 
echocardiography showed rheumatic tricuspid valve 
disease, hemodynamically significant TS occurred in ~ 


372 PTS (2-D:rheumatic MV disease) 


os 


23 PTS (2-D:rheumatic TV disease) 


349 PTS (2-D:normal TV) 


132PTScardiaccath 217 PTS no cath 





132 PTS (no TS) 


AN 


31 PTS (RV gram) 101 PTS (no RV gram) 
GROUP II 
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20 PTS (no TI) 
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FIGURE 5. Flow diagram of the echocardiographic, hemodynamic, and angiographic analysis in this study. Cath = catheterization; MV = mitral 


valve; PTS = patients; RV = 


right ventricle; TI = tricuspid insufficiency; TS = tricuspid stenosis; TV = tricuspid valve; 2-D = 


2-dimensional. 
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Braunwald!2 slneested that i in patients with rheu- 
c TR, pulmonary artery systolic pressures >60 mm 
‘favor secondary or functional TR while pulmonary 
erial systolic pressures <40 mm Hg favor organic 
cuspid disease. 
We compared. patients with TR and cheumanie tri- 
id involvement to patients with functional TR 
jle II). There were no significant differences in the 
odynamic parameters studied. Pulmonary arterial 
lic pressure, mean pulmonary arterial pressure, 
pulmonary vascular resistance did not distinguish 
nic TR from functional TR. A high percentage of 
atients with significant organic rheumatic tricuspid 
alve disease have elevated pulmonary arterial pres- 
ures. In this population, the elevated pressures merely 
flect the severity of the mitral valvular disease. In fact, 
of 7 patients with rheumatic tricuspid valve disease 
with TR had pulmonary arterial systolic pressures >40 
mm Hg, while 7 of 11 patients with “secondary” TR had 
ulmonary arterial systolic pressures <60 mm Hg. In 
atients with rheumatic tricuspid valve disease and 
monary hypertension, TR may be partly “primary” 
| partly “secondary.” Previous studies have exam- 
d the hemodynamics of secondary TR. Lichtlen! 
higher right ventricular pressures, Schwartz!4 
nd higher right atrial and right ventricular end- 
astolic pressures, and Sepulveda!® found higher pul- 
monary vascular resistance, mean right atrial pressure, 
_ and right ventricular pressures in patients with rheu- 
| matic mitral valvular disease and secondary TR com- 
pared with patients with rheumatic mitral valvular 
_ disease and no TS or TR. We found no significant dif- 
ference in any hemodynamic variable when we exam- 
ed these 2 groups (Table III). The pathophysiology 
f secondary TR may be more complex and not merely 
secondary to pulmonary hypertension: 
Thus, 2-dimensional echocardiography and cardiac 
theterization provide complementary information in 
evaluating tricuspid valve involvement and function in 
atients with rheumatic mitral valvular disease. Two- 

















dimensional echocardiogr ph 
tricuspid leaflets with restriction in motion an diastolic 
doming are not predictive of finding a tricuspid valve 









; findings. 


gradient. Hemodynamic variables do not appear to - 


differentiate organic from functional TR in patients 
with rheumatic mitral valve disease. Two-dimensional 


echocardiography is useful in deciding whether the 
tricuspid valve is structurally involved by the rheumatic 


process. This becomes clinically important when mitral 


valve replacement i is being considered. Patients with 
organic tricuspid valve disease require tricuspid valve 
replacement if the TR is severe, whereas patients with 
secondary TR may require only tricuspid anuloplasty 


or 


may not need any repair if the mitral valve lesion i is 


corrected. 
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of 30 Patients 


test the hypothesis that accelerated metastatic 
ification in the mitral anulus results from ab- 
malities in calcium phosphorus and parathyroid 
mone, 10 patients with end-stage renal disease 
ing echocardiographically proven mitral anular 
ium (MAC) (Group 1) and 20 patients without 
C (Group Il) were evaluated over 12 consecutive 
onths. Serum levels of total calcium, phosphorus, 
act and carboxyl-terminal parathyroid hormone, 
serum ionized calcium, and total calcium-phos- 
rus product were compared for both groups. In 
ition, other variables such as sex, supine systolic 
and diastolic blood pressure, age, duration of he- 
nodialysis, type i of renal disease, and diabetes also 
ere compared in both groups. 

Although both groups had elevated intact and 
irboxyl-terminal parathyroid hormone levels. 
| did not differ significantly from Group Il. Total 
m aicium levels were within normal limits in 























anular calcification (MAC), a known complica- 
‘ogressive renal insufficiency, was detected in 
% of patients with chronic renal disease.!? De- 
renerative processes associated with high ventricular 
systolic pressure are widely assumed to predispose to 
fication of the anulus. 3 Recently, rapidly progres- 
uired mitral anular and valvular calcification 
Itant calcific mitral stenosis was described in 
jent with chronic renal failure and elevated cal- 
hosphorus product.‘ Roberts and Waller® re- 
on - emphasized the important role of metabolic 
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Calcium Phosphorus Metabolism in Dialysis Patients 
With and Without Mitral Anular Calcium 


PASQUALE F. NESTICO, MD, NICHOLAS L. DePACE, MD, MORRIS N. KOTLER, MD, 
_ LESLIE |. ROSE, MD, JOSEPH H. BREZIN, MD, CHARLES SWARTZ, MD, 
_ GARY S. MINTZ, MD, and ALLAN B. SCHWARTZ, MD- 


calcium-phosphorus product levels. In chronic r 


_ second. Calcium in the mitral anulus or submitral anul 
Ae recognized echovardiographically asa uniform dense banc 















both groups and were not significantly differen 
However, the serum ionized calcium level wa: 
significantly higher in Group | with MAC vers 
Group Il without MAC (p <0.05). The serum phe 
phorus level and calcium phosphorus product we 
significantly higher in the group with MAC compa 
to the group without MAC (p <0.01 and p <0.0 
respectively). No significant differences were fount 
in the other clinical variables analyzed. ae 

Itis concluded that MAC in patients with chronic 
renal failure occurs in the setting of secondary 
perparathyroidism. However, it is found more o 
in patients with increased ionized calcium ; 
serum phosphorus levels and significantly hi 





















failure, MAC does not appear to be the result 
degenerative process and high ventricular Sylo 
pressure as has been previously described. 










factors, namely hypercalcemia, in cardiac valvula 
anular calcific deposits: in secondary hyperparat 
roidism of renal origin.® This report evaluates the r 
of total calcium, ionized calcium, and phosphorus lev 
and calcium-phosphorus product in patients | wit 
end-stage renal disease with MAC. 


Methods 


‘Thirty patients with chronic renal failure receiving ma 
tenance hemodialysis (3:times/week) were evaluated. No 
tient was on vitamin D or calcium supplementation. The 
consecutive patients of Group I with MAC and 20 patients 
Group I without MAC were identified by echocardiograp. 
technique. Echocardiographic recordings of all patients w 
obtained using standard techniques with an Irex System 
ultrasonograph using a 1.27 cm, 2.25 MHz medium inte: 
focused. transducer with a repetition rate of 1,000 p 



























hie posterior to the posterior: 
he left ventricular wall§ (Fig. 1). Frequently, the band of 
hoes moved similarly to the left ventricular wall. 
Both serum immunoactive intact parathyroid hormone’ 
d serum. carboxyl-terminal parathyroid hormone® were 
easured by radioimmunoassay. Ionized calcium levels were 
obtained using the ion specific electrode method.? These 
easurements were performed at the final month (12th) of 
e study for each patient, Total serum calcium levels were 
asured by atomic absorption spectrophotometry!? and 
‘phosphorus levels were measured by semiautomated 
rmination of phospholipids.!! In addition, the outpatient 
medical records were reviewed. The average supine 
and diastolic predialysis blood pressure over the 
eding 12-month period was recorded. In every patient, 
tal serum calcium and phosphorus values were deter- 
each month before dialysis. The average phosphorus, 
jum, and calcium-phosphorus product were calculated for 
patient over the 12 months preceding the echocardio- 
hic study. Length of time on hemodialysis, age, and 
ence of diabetes were recorded and the data subjected to 
stical analysis. The Yates corrected chi-square test was 
used for comparison of differences in proportions, and dif- 
t nees in means were analyzed by Student’s unpaired t 


































Results 


Clinical data: The data are summarized in Tables 
ind II. The 10 patients with MAC (Group I, Table I) 
20 patients without MAC (Group II, Table II) did 
t differ in mean age (59.3 + 9.5 and 53.5 + 15.0 years, 
spectively), sex (70% male versus 50% female), length 
of time on hemodialysis (4.7 + 2.8 and 4.5 + 3.2 years), 
evel of systolic blood pressure (147 + 19 and 139 + 20 
m Hg), level of diastolic pressure (81 + 8.7 and 79 + 
mm Hg), or presence of diabetes (4 of 10 in Group I 
and 6 of 20 in Group II). Hypertensive nephrosclerosis 
accounted for 50% of patients in both groups followed 


al leaflet. and anterior ; 



















by diabetic nephtrbsclerosis as the cause of chron 


failure. None of the patients had a history or echocar- 
diographic findings consistent with Marfan’s syndrome, ` 
mitral and aortic valvular disease, or hypertrophic: 
cardiomyopathy. Precordial systolic murmurs were 
heard in 13 patients (8 with and 5 without MAC). 

Laboratory data: The data are summarized in Ta- 
bles I and II. Mean intact parathyroid hormone (normal 
163 to 347 pgEq/dl) was elevated in both groups but did 
not differ significantly between Group I (542 + 438 
pgEq/dl) and Group II (433 + 306 pgEq/dl). Similarly, 
mean carboxyl-terminal parathyroid hormone levels 
(normal up to 375 pgEq/dl) were elevated in the MAC 
group (13,116 + 19,730 pgEq/dl) versus the control 
group (6,233 + 8,443 pgEq/dl), but this difference was 
not significant. The ionized calcium level was higher in 
Group I compared with Group II (3.77 + 0.48 versus 3.36 
+ 0,52 mg/dl, p <0.05). Normal values for ionized cal- 
cium were 3.70 to 4.50 mg/dl. 

The average serum phosphorus value (normal 2.5 to 
4.5 mg/dl) measured monthly over a 12-month period 
was elevated at 5.4 + 0.8 mg/dl in Group I and 4.1 + 1.1 
mg/dl in Group II (p <0.01). The average total serum 
calcium (normal 8.5 to 10.5 mg/dl) over the same period 
was 9.1 + 0.7 mg/dl in Group I and 8.7 + 0.7 mg/dl in 
Group II (difference not significant [NS]). The average 
calcium-phosphorus product over 12 months was ele- : 





vated at 50 + 9 in Group I and normal at 35 + ILin = © 
Group II (p <0.001). Analysis of laboratory dataatthe 
12th month (when serum ionized calcium and para- 


thyroid hormone were drawn) revealed no significant © 
difference in total calcium (8.7 + 0.8 in Group I and 8.4 . 
+ 1.0 in Group ID), but significant differences in phos- ~ 
phorus (5.7 + 1.6 in Group I and 4.3 + 1.7 in Group II, 


p <0.01) and caleium-phosphorus product (49.6 + 15.4 


in Group I and 36.5 + 15.0 in Group II, p <0,001). 


uupa Pt aes 






FIGURE 1. M-mode echocardiogram 
a patient (Patient 5, Table !) with mitral 
anular calcification. Dense linear band 


starting at the atrioventricular groove 
and extending into the body of the left 
ventricle is seen, Marked mitral anular 
calcification is detected echocardi- 
ographically in a plane between the 
posterior mitral leaflet and the left 
ventricular posterior wall. AML = an- 
terior mitral leaflet; Ao = aorta; ECG = 
electrocardiogram:; LA = left atrium; 
RVOT...= right ventricular’ outflow. — 
BA tract. : ; ; 






of echoes (lower triangular arrows) =- 








El Clinical and Laboratory Data in 10 Patients With Chronic Renal Failure nd MAC (Group!) 


Clinical Data 


Laboratory Data 





DAP 
(mm Hg) 


Renal 
Disease 


Sex & HD SAP 
(mm Hg) 


Catt P Ca 
(mg/dl) (mg/d) (mg/dl) 


-PTH 
(pgEq/dl) 


C-PTH 
(pgEq/dl) 





Age (yr) (yr) 


137 
168 


NOOR AON ODO 
OrrrooarorTo 


Pp REMLOMOBEH 


69.300 4 AME 
95 28 8.7 


149 3.72 
3.66 
3.58 
4,29 
3.11 

8.50 

72 

Hos, 8.58 

"4.65 


3,091 


13,116 2 BaF 
19,730 438 0.48 -0,82 





* p <0.05, t p <0.01, tp <0.001, Group | versus Group II. 


` ¿C = chronic:glomerulonephritis; Ca = calcium (normal 8.5 to 10.5 mg/dl); CaxP = mean calcium phosphorus product (normal 40); C-PTH 

| = carboxyl-terminal parathyroid hormone level (normal up to 375 pgEq/di); D = diabetic nephrosclerosis; DAP = diastolic arterial pressure; 
H = hypertensive glomerulonephritis; HD = hemodialysis; | = interstitial nephritis (chronic); Catt = jonized calcium (normal 3.70 to. 4:50 
© mg/dl); 1-PTH = intact parathyroid hormone level (normal 163 to 347 pgEq/dl); L = lupus nephritis; P= phosphorus (normal 2.5 to 4.5 mg/dl), 


= SAP = systolic arterial pressure. 


-Discussion 


» pathogenesis of MAC in patients with chronic 
failure is probably multifactorial. Systemic hy- 
sion is often found in this subset of patients. 
‘bed calcium-phosphorus metabolism was pro- 

| by Jain et alt as another possible predisposing 
or. However, patients with MAC in that study un- 
erwent hemodialysis for.a longer time than did the 
| group. 13 Our patients showed no differences in 

| of time on hemodialysis, blood pressure levels, 

d associated disorders such as aortic or mitral 

ar disease. We found no significant difference in 
nd carboxyl-terminal parathyroid hormone 
ween the group with MAC and the control 


group, although both groups did have elevated inta 
and carboxyl-terminal parathyroid hormone leve 
Values for ionized calcium were statistically higher in 
the group with MAC than in the control group. Va 
for mean serum phosphorus level and mean calci 
phosphorus product over a 1 year period and for 
final month were statistically higher in the group wi 
MAC than in those without MAC, _ hae 
Because only a single parathyroid hormone level 
obtained, it would be inappropriate to assume | 
parathyroid hormone did not play an important r 
the MAC group, as it is known that parathyroid ho: 
mone levels change with dialysis over time.!4 Simil, 
although ionized calcium was statistically signific 
higher in the MAC group, differences in protein co: 





| Clinical and Laboratory Data in 20 Patients With Chronic Renal Failure With No MAC (Group II) 


: ‘Laboratory Data 











Clinical Data 


Renal 
Disease 


“Sex & HD- 
Age {yr} (yr) 


SAP 
{mm Hg) 


DAP 
(mm Hg) 


VGat* P Ca 
(mg/dl) (mg/dl) 


|-PTH 
(pgEq/dl) 


C-PTH . 
(pgeq/dl) 





> 
o 


M70 
M73 
62° 

“45 


132 
114 
182 
132 
130 
178 
117 
142 
146 
120 
133 
173 
130 
134 
131 
« 189 
164 
131 
124 
154 
139.5 
19.6 


-= 


BNE ROA aH ANA AOO MONDE 


|QGrnnohweioSldorbyhbomsRuoh 
| EXOLOOIF TOTOO-rrT1o88r 


3,938 
2,779 
16,551 
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BOON QO 


BONER. p O Na TE G d WE 
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SEB : 288 


03:52 


© 
Kaj 


0.73.00 


t ? 
“4.05 








0.001, Group | versus Group il. 
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m-phosphorus balance, The significant feature 
imbalance is the elevated serum calcium-phos- 
horus product dependent on an elevated serum 
osphorus in the presence of a background of secon- 
ry hyperparathyroidism. These coincident circum- 
ces may result in the precipitation of calcium in the 
Inerable tissue of the mitral anulus. ee N 
prospective study in a group of patients with end- 
renal disease early in their dialysis program and 
re MAC has occurred would be helpful in clarifying 
relations between parathormone, phosphorus, and 
calcium in the pathogenesis of MAC. However, the ob- 
vation of an association between high serum phos- 
horus levels and MAC as well as other detrimental 
fects of hyperphosphatemia would prohibit perfor- 
ance of such a study, as therapy would have to be in- 
iated for the elevated phosphorus level... 
Biochemical factors are associated with accelerated 
sition of calcium not only in the cardiac anuli but 
in the valvular cusps, media, and intima of coronary 
ries and individual myocardial fibers.’ Therefore, 
d valvular heart disease‘ and accelerated coro- 
ary atherosclerosis are potential problems in patients 
h chronic renal failure. MAC is no longer considered 
a benign entity. Complications include mitral regurgi- 
tion, arterial emboli, atrioventricular block, and in- 
ctive endocarditis.’ In chronic hemodialysis patients, 
ifective endocarditis has been reported in those with 
MAC." Nonvisceral calcification can be prevented by 
educing serum phosphorus concentration and, ac- 
dingly, the calcium-phosphorus product using di- 
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ARDIAL HEART DISEASE 


Quantitative Morphologic Findings of the Myocardium in 
diopathic Dilated Cardiomyopathy 


ANZ SCHWARZ, MD, GERHARD MALL, MD, HORST ZEBE, MD, 
JOHANNES BLICKLE, MD, HARALD DERKS, JOACHIM MANTHEY, MD, and 


WOLFGANG KUBLER, MD 


This study assesses the relation between quantita- 
ive morphologic findings and left ventricular con- 
ctile function in patients with idiopathic dilated 
diomyopathy. Left ventricular endomyocardial 
ter biopsy specimens were obtained from 73 
ients during diagnostic heart catheterization. All 
atients had normal coronary arteriograms but ab- 
mal electrocardiograms. Twenty-six patients had 
rmal left ventricular function (ejection fraction 
5%), whereas 47 patients had contractile dys- 
ction (ejection fraction <54% ). Myocardial fiber 
iameter, volume fraction of interstitial fibrosis, and 
acellular volume fraction of myofibrils were de- 
nined by light microscopic morphometry. Results 
ight microscopic morphometry were confirmed 
electron microscopic morphometry in 12 patients. 


ht and left ventricular biopsy techniques have ex- 
d our knowledge of the relation between mor- 

ic findings and clinical aspects in various types 

t disease.!~? Several features of the myocardium 

ts with idiopathic dilated cardiomyopathy have 

scribed.-? However, quantitative morphometric 

have not been reported. Furthermore, the sampling 

or of data obtained from endomyocardial biopsy 

pecimens is not well defined. This study aims to (1) 

ine the sampling error of morphometric data 

d from left ventricular endomyocardial biopsy 


nts with idiopathic dilated cardiomyopathy, and 


elate the quantitative morphometric data with 
tractile function of the left ventricle. 
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The coefficient. of variation (analysis of sev 
biopsies from the same patient) was 6% for di 
mination of fiber diameter, 43% for interstitiz 
brosis, and 3% for volume fraction of myofibri 
Fiber diameter (r = —0.32, p <0.01) and fibros 
= —0.47, p <0.001) showed a negative correla! 
the volume fraction of myofibrils (r = 0. 55, 
<0.001) and calculated myofibrillar mass per 

g of myocardium (r = 0.64, p <0.001) a pos 
correlation with the ejection fraction. Thus, 
sampling error is low for determination of fib 
ameter and myofibrils but high for evaluatior 
brosis, and (2) a reduction in the volume fract 
myofibrils and an increase in fibrosis are mo 
logic correlates of left ventricular dysfunc 
patients with idiopathic dilated cardiomyopat 


Methods 


Patients: The study group consisted of 73 patients 61 
and:12:women) aged 28 to 55 years with idiopathic my: 
disease studied invasively between July 1978 and Jul 


~ At catheterization, each patient had 2 or more of the follo 


clinical features: (1) symptoms of heart failure; (2) e 

of chest discomfort; (8) roentgenographic evidence of 
diomegaly (cardiothoracic ratio >0.5); (4) an electrocard 
graphic abnormality in the form of an intraventricu 


~ duction defect (with a wide QRS complex >0.11 second at 
: arrhythmias, left ventricular hypertrophy (S wave in 


plus R wave in Vsor Vg >35 mm), or S-T segment : and 
abnormalities. Table J lists the proportion of eac! 
feature in the study population. Patients with coronar: 
disease (diameter reduction of major coronary 
225%), systemic hypertension, valvular heart disease, í 
pulmonale, or systemic disease involving the Nenet mus 
were excluded from the study. 

Catheterization: All patients underwent left ven 
catheterization including selective coronary arteriogra| 
left. ventricular cineangiography. At catheterization 
patients were taking digitalis or diuretics, or both. Si 


Hos  cingangiography v was performed» in the 80° right 




















hy Patients 





Features 
















: (%) 
< Symptoms of heart failure 74 
_ Episodes of chest discomfort 37 
_ Cardiomegaly (cardiothoracic ratio >0.5) 38 

_Electrocardiographic abnormalities 

Intraventricular conduction defect 29 
` Atrial arrhythmias 15 
» Left ventricular hypertrophy 23 


S-T segment and T wave abnormalities 38 





ique projection (50 to 60 ml of Urografin®-76, 35 mm ci- 
ilm, 50 frames/s, Philips dual field 9-5 inch image inten- 
er system). Selective coronary arteriography was performed 
sing the Judkins technique. Left ventricular volumes and 
jection : fraction were determined by the area length 
thod. 
Diagnosis: Forty-seven patients had depressed left ven- 
‘ular function as evaluated by a left ventricular ejection 
ction of <54%. These patients were classified as having 
pathic dilated cardiomyopathy. Among these patients the 
owing etiologic “risk factors” could be encountered: peri- 
tal cardiomyopathy in 1 patient and increased alcohol 
ake (>2,000 ml of beer or an equivalent dose of wine per day 
more than 10 years in 12 patients).? The remaining 26 pa- 
ts had a normal ejection fraction (255%). Clinical features 
most patients were episodes of chest pain and electrocar- 
jographic abnormalities, and the patients were classified as 
ing chronic myocarditis or latent cardiomyopathy.4 
ndomyocardial biopsy: Endomyocardial biopsy speci- 
s were taken with the King’s College Bioptome using the 
ograde transarterial route and a polyvinyl chloride (PVC) 
ath,!° At least 2 biopsy samples were obtained from the left 
tricular anterior free wall. Biopsy from the left ventricular 
pex was carefully avoided. There were no serious complica- 
ons in the 73 patients during and after biopsy. Immediately 
ter biopsy, tissues were fixed in a mixture of 1.5% glutaral- 
hyde and 1.5% formaldehyde in 0.2 M phosphate buffer. 
he biopsy specimens were embedded in Araldit®, and thin 
ions (0.5 um) were prepared and stained with alkaline 
idine blue and 3% paraphenylendiamine (combined 
ning) for light microscopic morphometry (magnification 
X for determination of fibrous tissue and 1,000X for de- 
1ination of myofibrils). The area of tissue analyzed ranged 
‘om 1,2 to 6.5 mm? (mean 2.8 + 1.7). Fiber diameter of 
ocardial cells was measured from 80 to 300 cross and 
que sections of myocardial cells using the light microscope 
nagnification 400x). When oblique sections were counted, 
short diameter of the section profile was determined. The 
ume fraction of fibrous interstitial tissue!! was measured 
t microscopic morphometry. The volume fraction of 
interstitial tissue and of myofibrils was measured in 
selected sections without respect for the direction 
ning. Random test areas were evaluated to determine 
me fractions, and we did not use different planes of the 
e biopsy. If cross-sections were unavailable for measure- 
of fiber diameter, we changed the direction of sectioning. 
point counting method was performed with a Zeiss eye- 
e containing a test grid with 36 intersections (test points). 
‘om each biopsy 5 to 20 areas were counted (each containing 
points). Volume fraction of fibrous tissue is the number of 
ts falling on fibrosis divided by the points falling on total 
ue (Fig. 1). We carefully avoided counting the endocardium 



































































fibrous tissue. The collagen-containing tissue component. 








1. fiber diameter [u] 








2. volume fraction of 
interstitial fibrosis [%] 







3, volume fraction of 
intracellular myofibrils [ %] 






FIGURE 1. Schematic drawing illustrating the technique of light mi- 
croscopic morphometry. The fiber diameter is determined from cross 
and oblique sections. The volume fraction of interstitial fibrosis andof 
intracellular myofibrils is determined from longitudinal sections by point, © 
counting technique, that is, intersections of the grid falling on fibrosis: 
(F) or myofibrils (MF) are counted and expressed as a percentage of 
total points or points falling on myocardial cells. SA = sarcoplasm: N 

= nucleus. ; 








was counted without edema, blood vessels, and interstitial. ; 
tissue cells. At the edge of the biopsy specimens a rim of about... 
100 um was excluded from analysis to avoid areas with marked. 
hypercontraction. Myofibrils were counted in 12 areas. In- =. 
tracellular volume fraction of myofibrils is the number of 
points falling on myofibrils divided by points falling on total me 
myocardial cells (Fig. 1). Analysis of biopsies was performed 
without knowledge of clinical data. oe 
Comparison of light and electron microscopic mor- 
phometry: Because light microscopic morphometry was used 
to measure the volume fraction of myofibrils in the present 
study and all previous studies used electron micrographs as. ee 
the source of data, it was necessary to compare light and __ 
electron microscopic morphometry. To get formal validation. 
of the light microscopic method, we chose randomly 12 tissue 
out of the series studied (12 patients). Ultra- and semithin 
sections were cut from the same tissue block. Electron mi- 
croscopic point counting was performed on 40 random test 
areas using a total number of about 3,200 test points (mag- k 
nification 10,000). Total test area mounted to 12,000 um?. A 
monitor with a television camera connected to a Zeiss EM 10 
was used for the counting procedure. Details of this metho 
were described elsewhere.!? Light microscopic morphometr 
was performed with the method just described herein (te: 
area 15,000 um2), sy 
Sampling variability of endomyocardial biopsies: 
determine what changes in the measurement of different. 
opsy samples from the same heart should be considered 
nificant, we estimated reproducibility in terms of sampli 
variability of endomyocardial biopsies (that is, how much 
measurement varied when made from separate biopsy s 
mens in the same patient). The sampling variability wa 
termined in 26 patients in whom 2 (n = 14) or 3 m = 1 
arate biopsy specimens were obtained. Variability was de 
termined by the coefficient of variation, defined asthe st 
dard deviation of all repeated measurements in a given ce 
divided by the mean of those measurements. Two stan 
deviations on either side of the mean were calculated from. 
estimates of reproducibility and the 95% confidence in erval 
was determined for each variable; the actual value bywhich 
each measurement can vary was then calculated: All biopsy = 



























_ samples were encoded and analyzed without knowing which 
biopsies were from the same patient. So Cs 





Statistical analysis: The linear regression analysis and 
Student’s t test for paired and unpaired data were used.!* 
Significance was accepted at the 5% probability level. Data 
are mean + standard deviation. A combined index of myofi- 
brils and fibrosis was calculated: myofibrillar mass/100 g of 
myocardium (that is, [100 minus volume fraction of fibrosis 
in %] multiplied by volume fraction of myofibrils in % divided 
by 100). 


Results 


Comparison of light and electron microscopic 
morphometry: Figure 2 illustrates sections of myo- 
cardium of biopsy specimens obtained from a patient 
with idiopathic dilated cardiomyopathy using light 
(upper panel) and electron microscopy (lower panel). 
Myofibrils can easily be identified by light microscopy. 
Data obtained by light and electron microscopic mor- 
phometry were correlated using linear regression 
analysis, and the following equation was obtained: 


FIGURE 2. Endomyocardial biopsy obtained from a pa- 
tient with idiopathic dilated cardiomyopathy. Upper panel, 
electron micrograph, magnification 5,000. Lower 
panel, light micrograph, magnification X1,000 for 
comparison. Both panels reduced 36%. Myofibrils are 
seen with the light microscope. 
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myofibrils (determined by light microscopy) = 1.01 
myofibrils (determined by electron microscopy) + 2.26, 
r = 0.96. To test whether both methods are equivalent 
when normal and abnormal muscle cells are analyzed, 
we divided the data into 2 subgroups with a volume 
fraction of myofibrils >50% (normal myocardial cells) 
and <50% (abnormal myocardial cells). Table II lists the 
individual and mean data obtained by both methods. 
Light microscopic morphometry revealed similar values 
of volume fraction of myofibrils as compared with 
electron microscopic morphometry, although there was 
a slight overestimation of the myofibrillar volume 
fraction when using light microscopic morphometry. 
Nevertheless, both methods produced similar results 
on normal as well as abnormal myocardial tissue. 
Sampling variability of morphologic findings: 
Data analyzing sampling variability of morphometric 
analysis are presented in Table III. The greatest scatter 
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Microscopic Morphometry 
Volume Fraction of Myofibrils (%) 
Electron Microscopy Light Microscopy 

Normal Myocardial Cells 

53,8 55.8 

52.9 60.2 

54,0 55,6 

56.6 57.0 

57.4 59,5 

54.3 60.6 

50.9 51.5 

54.3 + 2.2* 57.2 + 3.2* 

Abnormal Myocardial Cells 

30.9 l 34.2 

44.4 49:4 

43.8 43.5 

40.3 41.5 

45.7 48.7 

41.0 + 6.0* 43.5 + 6.2° 
‘Mean + ‘standard deviation. 


f datài is found for the determination of interstitial fi- 
rosis, whereas evaluation of fiber diameter and volume 
raction of myofibrils reveals less variability: 

Reduced volume fraction of myofibrils in the 
ng heart: Figure 3 represents inverse correlations 
et ween left ventricular ejection fraction and fiber di- 
meter (upper panel) and the volume fraction of fibrosis 
lower panel). Both correlations reveal considerable 
scatter of data points. Figure 4 displays the correlations 
between left ventricular ejection fraction and volume 
fraction of myofibrils (upper panel) and-myofibrillar 
mass (lower panel). The latter correlation revealed the 
highest correlation coefficient (r = 0.64). 























Discussion 


Light versus electron microscopic morphometry: 
1 the present study morphologic changes of the left 
entricular myocardium were quantitated by light mi- 
‘oscopic morphometry. With this technique we as- 
sessed (1) hypertrophy of myocardial fibers, (2) inter- 
stitial fibrosis, and (3) intracellular volume fraction of 
myofibrils. The volume fraction of myofibrils was not 
previously measured by light microscopy. This tech- 
nique was equivalent to electron microscopic morpho- 
y provided 3 prerequisites are fulfilled: (1) use of 


El Sampling Variability of Endomyocardial Biopsies (Reproducibility of Morphometric Evaluation) 
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phase contrast microscopy with oil immersion. The 
staining technique was found superior to standard to- 
luidine blue staining, because paraphenylendiamine og 
enhances the contrast between myofibrillar and 
nonmyofibrillar components of myocardial cells. As: 
shown in Figure 2 myofibrils can easily be identified 
with this technique. Furthermore, as shown in Table II, 
light and electron microscopic morphometry revealed 
similar results on normal as well as abnormal myocar-. 
dium. Light microscopy was preferred for quantification 

of myofibrils, because large test areas could be analyzed 
(about 30,000 um? per biopsy). 

Sampling error in endomyocardial biopsy tech- 
nique: In previous studies using various grading systems ic 
to evaluate intracellular degenerative changes in left 
ventricular biopsies taken from patients with idiopathic 
dilated cardiomyopathy, the sampling error was not. 
defined and hence not taken into account in the inter- 
pretation of results.+® Table I] illustrates that a con- 
siderable scatter of data was found when quantitative. 
data obtained from 2 different myocardial biopsy 
specimens taken from the same heart were compared. 
The sampling error was greatest for quantification of 
interstitial fibrosis. Determination of fiber diameter and 
volume fraction of myofibrils revealed a significantly 
smaller sampling error. Thus, the degree of fibrosis can coe 
only be approximated in idiopathic dilated cardiomy- : 
opathy, but cannot be determined with accuracy when 
endomyocardial biopsy technique is used. 

Reduced volume fraction of myofibrils in the 
failing heart: In the failing heart with idiopathic di- 
lated cardiomyopathy, a slight i increase in fiber diameter 
as well as an increase in fibrosis and a reduction in 
myofibrils and myofibrillar mass was observed when the = 
ejection fraction declined, These findings document _ Bee 
that quantitative data of morphologic evaluation cor- 
relate with left ventricular dysfunction. The inverse 
relation between ejection fraction and fibrosis may 
suggest that fibrosis determines contractile dysfunction 
in idiopathic dilated cardiomyopathy. However, because __ È 
the degree of fibrösis can only be approximated by the | 
technique used, this relation remains uncertain. In 
contrast, determination of myofibrils shows high a 
curacy and the relation incorporating volume fraction 
of myofibrils was close and therefore shows that a 
duction in myofibrils reflects myocardial dysfunct 
What causes the decrease in the volume fractio: 


























95% Confidence 


















Coefficient of 
Patients Measured Data Variation Interval (+2:SD) 
; in) H (Mean + SD) (%) Each Measuremen 
ber diameter (um) © 26 24.5 + 4.0 6 #29 oes 
me fraction of interstitial 25 10.7 + 9.7 43 £9.2 

fibrosis (%) = BES 
lume fraction of intracellular 26 65.9 + 4.7 3 E IC E 
myofibrils (%) ; ` ge i PE 





| = standard deviation. 
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ibrils? Is it a reflection of intracellular edema, 
eration of nonmyofibrillar components (mito- 


), or an absolute decrease in the number of 


ls? Obviously, it is impossible to answer con- 


ively on the basis of morphometric data. Because — 


udied the biopsies by electron microscopy also 
itatively), we believed that the decrease in the 


fraction of myofibrils is caused by a loss in. 


1s (myofibrillar lysis) or an impaired resynthesis 

tile proteins, or both. We interprete the re- 

n volume fraction of myofibrils as a quantita- 

sure of the degeneration of myocardial fibers. 
yofibrillar lysis was previously described by our group 
patients with coronary artery disease.'4 An intra- 
lular reduction in volume fraction of myofibrils (with 
thout an associated increase in interstitial fibrosis) 


pathognomonic for patients with idiopathic di- 
ardiomyopathy, because similar findings were _ 
patients with chronic aortic valve disease 


those with coronary artery disease. Tla Obviousl 
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FIGURE 4. Correlation between ieft ventricular ejection ‘fraction 
intracellular volume fraction of myofibrils {upper panel) and miyon 
mass (lower panel). 


ca uniform cellular response to various cardiac gt a8 
“occurs, : 


Clinical implications: From the dati it can nb 


‘cluded that the reduction in myofibrils is a consis 
„finding in myocardium in patients with idiopathi 


lated cardiomyopathy. The degree of fibrosis € 


accurately be assessed. by endomyocardial — 
technique, although fibrosis seems to be augmented 
cases with severe impairment of contractile fur 


Whether changes of myocardial structure are t ca! 
or the effect of contractile dysfunction remains 
clarified. 
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Significance of Ventricular Tachycardia in Idiopathic 
Dilated Cardiomyopathy: Observations in 35 Patients 


SHOEI K. HUANG, MD, JOSEPH V. MESSER, MD, and PABLO DENES, MD 





To evaluate the significance of ventricular tachy- 
cardia (VT) in idiopathic dilated cardiomyopathy 
(IDC), 35 consecutive patients seen between 1976 
and 1980 were studied. The criteria for diagnosis of 
IDC were based on clinical, laboratory, and cardiac 
catheterization findings. All patients had right and 
left heart catheterization, left ventriculography, and 
coronary cineangiography. Long-term ambulatory 
electrocardiograms (Holter) were obtained in all 
patients at the time of diagnosis. There were 24 
male and 11 female patients aged 22 to 72 years 
(mean + standard deviation [SD] 51 + 12). Frequent 
ventricular premature beats (VPB) (30/h) were 
observed in 29 patients (83% ): complex VPB (Lown 
grades 3, 4, and 5) in 93% and simple VPB in 7%. 
Twenty-one patients (60% ) had nonsustained VT 
consisting of 3 to 46 beats (8 + 5) with rates from 
75 to 210/min. No difference between patients with 


Cardiomyopathy is a disease of the heart muscle caused 
by a spectrum of known (secondary) or unknown (pri- 
mary or idiopathic) factors.! A variety of schemes for 
classifying the cardiomyopathy have been proposed. 
Goodwin’s classification into congestive, hypertrophic, 
and restrictive cardiomyopathy has been widely ac- 
cepted.? More recently, the term dilated has been 
substituted for congestive as the preferred terminology, 
that is, idiopathic dilated cardiomyopathy (IDC).!:3-4 
Several studies have correlated clinical features and 
hemodynamic findings with prognosis of IDC.4-!4 The 
design of these studies had several limitations because 
(1) some studies included patients with secondary car- 
diomyopathy,*®:!0-!4 (2) in others, the patients did not 
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and those without VT was observed in regard to the 
presenting symptoms, functional classification, 
electrocardiographic findings, heart size on chest 
X-ray, and the hemodynamic measurements in- 
cluding cardiac index, left ventricular end-diastolic 
pressure, and ejection fraction. Patients with VT 
were older (p <0.05). Follow-up observation from 
4 to 74 months (34 + 17) showed that 2 patients 
died suddenly (1 with and 1 without previous VT), 
a third patient died from intractable congestive heart 
failure, and the fourth from sepsis. It is concluded 
that (1) the incidence of ventricular arrhythmias in 
IDC is high, (2) VT is frequent and tends to occur in 
the nonsustained form, and (3) there is no correla- 
tion between VT and the clinical and hemodynamic 
findings. VT does not appear to predict prognosis 
during a relatively short follow-up period in patients 
with IDC. 


undergo cardiac catheterization and coronary angiog- 
raphy to confirm the diagnosis,°*!° and (3) the preva- 
lence of cardiac arrhythmias was evaluated only with 
standard electrocardiographic tracings taken at random 
intervals.4)2:9:10,12,18 

Long-term dynamic electrocardiographic (Holter) 
monitoring has been useful in detecting and evaluating 
the significance of cardiac arrhythmias in different 
diseases.!* 22 With this diagnostic tool, many studies 
have focused on the prognostic significance of VPB and 
VT in patients with coronary artery disease and hy- 
pertrophic cardiomyopathy.!®22. However, little is — 
known about the prevalence of ventricular arrhythmias 
evaluated by long-term (=24 hours) Holter monitoring — 
and their clinical significance in patients with IDC. In 
the present study, we assess 35 consecutive patients 
with IDC. All patients had cardiac catheterization, an- 
giography, and 24-hour Holter monitoring. We com- 
pared various clinical features and hemodynamic 
findings in patients with and those without VT and 
evaluated the prognostic significance of VT in patients 
with IDC. 








Methods 


| diagnosis of cardiomyopathy screened between January 
and December 1980, 47 fulfilled the selection criteria for 
DC. Of them, 35 had long-term ambulatory electrocardio- 
rams taken during admission when the diagnosis was made. 
"hese 35 patients, 24 male and'11 female patients aged 22 to 
years (51 + 11), are our study population. 

Diagnostic criteria of IDC included (1) the presence of 2 or 
re of the following clinical features*: (a) symptoms or signs 
eft or right heart failure, or both, (b) chest x-ray evidence 
ardiomegaly, (c) abnormal electrocardiogram, and (d) 
tory of embolization; (2) the presence of all of the following 
modynamic features*: (a) dilated left ventricular chamber 
vith global or >3 segment. hypokinesia on a single plane (right 
nterior oblique) left ventriculogram and an abnormal ejection 
raction (<55%), (b) absence of significant coronary artery 
isease, that is, occlusion of >50% in any 1 of the major coro- 
ary arteries or their branches; (3) exclusion of all patients 
h specific heart muscle disease (infective or metabolic), 
eneral systemic disease (connective tissue disorders or in- 
iltrative disease), heredofamilial disorders, and sensitivity 
oxic reactions.! 

‘inical evaluation: History and physical examinations 


he electrocardiogram, chest X-ray, angiogram, and the like 
s performed by at least 2 observers. Functional status was 
lassified according to the criteria of the New York State 
art Association." All patients had standard posteroanterior 
nd lateral chest X-ray films during initial admission. A car- 
thoracic tatio of >0.50 was considered evidence of car- 
iomegaly on chest X-ray. During admission, 12-lead elec- 
rocardiograms were taken. with simultaneous 3-channel re- 
ordings. The diagnosis of left ventricular hypertrophy was 
ade according to the criteria of Romhilt and Estes.?4 Fol- 
‘low-up information was obtained in all patients by reviewing 
the patient’s clinical records, contacting the primary physi- 
ian, and contacting the patient or relatives by telephone. 
-Cardiac catheterization and angiography: All 35 pa- 
ents underwent left and right cardiac catheterization, left 
entriculography, and coronary cinearteriography. Resting 
itracardiac pressures were recorded. The cardiac index was 
etermined by the Fick method. Twenty-four patients had 
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ventricular ejection fraction was obtained by planimetric: —_ 
volume calculation from either single or biplane left ventric- 
ulograms.”5?6 Coronary cineangiograms were taken in mul- o 
tiple projections. : 

Dynamic electrocardiographic monitoring (Holter): 

All patients underwent monitoring for a minimum of 24-hours 
during admission. All records were analyzed by a trained, 
technician and. reviewed by a cardiologist. For classifying- 
ventricular arrhythmias, a modification of Lown’s grading 
system was used!”: grade 1, <30 uniform VPB in any hour of | | 
monitoring; grade 2, >30 uniform VPB in any hour of moni- = 7 
toring; grade 3, multiform VPB; grade 4, couplets; grade 5, R 

on T, defined as having a prematurity index RR’//QT <1. We 
defined nonsustained VT as having 23 consecutive VPB that _ 
lasted <1 minute and were self-terminating without specific 
therapeutic intervention. Each patient’s Holter monitor | 
finding with VT was analyzed to determine the number of 
episodes of V'T per 24 hours, the number of VPB per episode, 

the rate of VT, and the prematurity index of the initiating beat: 
of each episode. Supraventricular arrhythmias, which were © 
analyzed, included the presence of >30 atrial premature beats 

in any hour of monitoring and the presence of supraventricular | 
tachycardia defined as having 23 consecutive atrial premature °* 
beats. The corresponding entries in the patient’s diary were 
received in only 12 patients. 

Statistical analysis: Patients were divided into 2 groups: 
the VT group consisting of patients who had VT during Holter 
monitoring and the non-VT group consisting of patients who: 
did not have VT. The VT and non-VT groups were compared. : 
with regard to age, sex, presenting symptoms, functional class, = 
cardiomegaly on chest X-ray, electrocardiographic findings, 
and hemodynamic measurements by either the Student's t 
test or the chi-square test. 


Results 


Clinical and electrocardiographic findings: _ 
Twenty-one patients (60%) had nonsustained VT and 
the remaining 14 patients (40%) had no VT during the 
initial Holter monitoring. The mean age of the VT group. 
was 55 + 10 years, which was significantly greater than: 
that of the non-VT group (47 + 12 years) (p <0.05). 
There were 16 male and 5 female patients inthe VI 
group and 8 male and 6 female patients in the non-VT 
group (chi-square = 0.67; p = not significant [NS]. 

The presenting symptom was identified for each 
patient. Congestive heart failure was the most common 
clinical manifestation, occurring in 21 (60%) of the 
patients. Three patients presented with cerebrovascul, I 
accidents due to systemic emboli and 1 with pulm 
emboli (11%). Three patients were hospitalized 
pain (9%), 4 for palpitation (11%), and 3 for sy 
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ELECTROCARDIOGRAPHIC FINDINGS 





FIGURE 2. Electrocardiographic findings in patients with IDC. The numbers inside each bar represent the number: of patients with different alec 
trocardiographic findings in the VT and the non-VT group. Left bundle branch block (LBBB) or intraventricular conduction delay (IVCD) was the most 
common finding (54%). There were no significant differences in electrocardiographic findings in 2 groups. 1° AVB = first degree AV block; [ACD 
intraarterial conduction defect; LAD = left axis deviation; LAHB = left anterior hemi block; LVH = left ventricular hypertrophy; RVH = right ventricular 
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o) (Fig. 1). No significant differences in clinical pre- 
ation existed between the. VT and the non-VT 
əs (chi-square = 5.44; p = NS). Most patients were 
» York Heart Association functional class IH when 
e agnosis of IDC was made. There were no signifi- 
ifferences between the VT and the non-VT group 
netional classification (chi-square = 3.46; p = NS) 
able I). 
Electrocardiographic abnormalities, present in all 35 
ts, included left bundle branch block or intra- 
ventricular conduction delay in 19 patients (54%), 
ecific ST-T wave changes in 10 (29%), left ven- 
“hypertrophy in 9 (26%), and pseudoinfarct Q 
in 9 (23%) (Fig. 2). Other electrocardiographic 
gs included left axis deviation (17%), low QRS 
(14%), right ventricular hypertrophy (6%), in- 
nduction defect (14%), and first degree 
tricular (AV) block (14%) (Fig. 2). There were 
int. differences: in electrocardiographic 
etween the 2.groups: Cardiomegaly on chest 
as noted in 18. (86%) VT patients and 13 (93%) 
T patients (chi-square = 0.01; p = NS). 
dynamic findings: The mean cardiac index, 
did not differ significantly between the VT and 
-VT groups, was 2.7 + 0.7 (range 1.6 to 4.0) 
.6 + 0.6 liters/min/m (range 1.7 to 4.0). Simi- 
no significant differences between the 2 groups 
und. regarding left ventricular end-diastolic 














Holter Monitoring Findings in 35 Patients 











pressure (17 + 8 versus 19 +11 mm Hg) and left ve 
tricular ejection fraction (33'+ 11-versus.32 + 7%). 

Dynamic electrocardiographic (Holter) finding: 
Table II outlines the Holter monitor findings in 35 p. 
tients. Basic sinus rhythm was found in 80% of patient 
and atrial fibrillation in 20%. Significant atrial prem 
ture beats (>30 beats/h) occurred in 15 patients (54% 
In7 patients (25%), 1 to 8 episodes of supraventricular 
tachycardia developed with a duration of 3 to 40 beats 
and rates of 105 to 175 beats/min. Frequent VPB (> 3: 
beats/h) were noted in 29 patients (83%), of whom 2 
patients (93%) had complex VPB (Lown grades 3, 4; an 
5) and 2 (7%) had simple VPB (uniform). The prev 
lence of ventricular arrhythmias by modified Lown 
grades in 35 patients is shown in Figure 3. 

The prevalence of VPB in patients with and those 
without VT according to frequency and complexity is 
shown in Table HI. All patients in the VT group ha 
multiform VPB and 90% of them had paired VP 
Thus, the occurrence sof multiform and paired VPB w: 
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FIGURE 3. The prevalence of ventricular arrhythmia: 
Lown’ $ oradas! in 35 patients with IDC. 2; (See xplanati on in text.) > 









‘Monitoring in Patients With and Those Without 





ABLE Ili Ventricular Arrhythmia Detected During Holter _ 


































VT Group Non-VT Group 








n % n % p Value 
0 
4 19 2 14 NS 
17 81 12 86 NS 
21 100 10 71 <0.05 
19 90 7 50 <0.05 
7 33 14 NS 
not significant 


ignificantly higher in the VT group (chi-square = 4.25 
nd 5.24; p <0.05). 

tighty-five episodes of nonéustained VT were re- 
orded in the 21 patients (mean 4.0 episodes/patient; 
ange 1 to 16). No sustained VT was found during 
onitoring. The duration of VT ranged from 3 to 46 
eats (mean + SD 8 + 4.7). Forty-six episodes (54%) 
vere 3 beats in duration, 11 episodes (13%) had 4 beats, 
7 episodes (8%) had 5 beats, and 21 episodes (25%) had 
_>5 beats. The mean rate of VT was 155 + 42 beats/min 
(range 75 to 210) with 58% of episodes at'a rate >150 
beats/min. Twelve (14%) of the 85 episodes of VT had 
a prematurity index (RR’/QT) <1.0 for the initiating 
“beat. Only 2 patients:recorded complaints of palpitation 
_and dyspnea in the diary that corresponded i in real time 
to the occurrence of VT. 

Follow-up data: Follow-up data were obtained i in all 
patients, and follow-up ranged from 4 to 74 months 
(mean + SD 34 + 17). Figure 4 shows changes in func- 
tional class during the last follow-up observation. 
Functional status in the 31 surviving patients improved 
in 8 (26%), deteriorated in 11 (35%), and was unchanged 
‘in 12 (39%). The number of patients who improved, were 
unchanged, or deteriorated in functional class between 
the 2 groups was not significantly different. A total of 
27 patients had repeated 24-hour Holter recordings 
taken from 1 to 42 months during the follow-up period. 
Nineteen patients were in the VT group and 8 in the 
on-VT group. Twelve (44%) of 27 patients had non- 
sustained VT; 9 had previous VT and 3 patients did not. 
‘However, the latter 3 patients had previous complex 
‘PB. The remaining 15 patients had complex ventric- 
lar arrhythmias (2 grade 3). Of these 15 patients, 10 
ad previous VT and 5 did not. In summary, during 
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-from sepsis; both were in the VT group. Two of the 4 
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FIGURE 4. Change in functional class (New York Heart Association cou 
in patients with IDC. The dotted lines indicate the patients who died. | 
Lett, the VT group; right, the non-VT group. No significant differences = = 
in the changes in functional classification were noted between the 2. 
groups. : 








follow-up study, 9 patients had VT, 3 had new VT, 10 
no longer had VT, and 5 continued to have complex 
ventricular arrhythmias without VT. aes 
Four patients died during the follow-up period from = 
4to 39 months: Two died suddenly, 1 in the VT: group. 
and the other in the non-VT group. A third patient died 
from intractable congestive heart failure and the fourth 





patients who died had follow-up Holter recordings be- : 
fore death. Both patients showed frequent complex eo 


“ventricular ectopy without the recurrence of VT. 


Antiarrhythmic drugs: On entry into the study 5- : 


patients were receiving antiarrhythmic medication, 3°. 
“quinidine and 2 procainamide. Four patients were inthe = 


VT group and 1 in the non-VT group. At the time of 
discharge all patients who showed VT on admission and 
8 patients in the non-VT group were receiving antiar- _ 
rhythmic drugs (Table VI), Decision regarding the use _. 
of antiarrhythmic drugs was made by the attending 
physician. During follow-up study, while on antiar 
rhythmic therapy, 10 patients no longer had VT and 
continued to show VT on Holter monitoring. Of the 
patients receiving antiarrhythmic drugs for the trea 
ment of complex ventricular arrhythmias, 3 dem 
strated new VT on monitoring and 5 continued to: 
complex ventricular arrhythmias. All 4 patien 
died were receiving antiarrhythmic drugs (Tabl 

























Digitalis Diuretics 





Antiarrhythmics Vasodilator 








n % n % no 8 








T (21 patients) 15 71 15 7i 
on-VT (14 patients). 13 93 10 71 
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* Quinidine 10 patients; Poeren 6; Norpace®.3; quinidine and phenytoin t i procainamide anet ihenyton t * Quinidine'5 patients; procainamide 








Discussion 
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‘ith IDC. Frequent VPB (30/hour) occurred in 83% of 
vatients, with a remarkably high percentage (93%) 
showing complex forms (Lown grades 3, 4, and 5). These 
indings resemble those in patients with hypertrophic 
thy.20-22 McKenna et al2° reported that 
nts with hypertrophic cardiomyopathy 
uent, complex VPB and 74% of 150 patients 
d by Savage et al?? had similar findings. Inter- 
stingly, our study demonstrates a considerably higher 
revalence of VT than did those of Savage et al21.22 and 
McKenna et al” in patients with hypertrophic cardio- 
myopathy. We found that 21 (60%) of 35 patients 
studied had 1 to 16 episodes (mean 4 episodes/patient) 
of nonsustained VT during 24 hours of Holter moni- 
toring. Most (86%) VT was initiated by late-coupled 
ntricular ectopic beats (prematurity index >1.0). This 
servation is consistent with those of other studies 
owing that the prematurity index is not an important 
lictor of subsequent VT.!9 The present study also 
firms the previous observation that atrial fibrilla- 
atrial premature beats, and supraventricular 
i ardia were relatively common in patients with 
459 
‘ole of clinical findings in VT: Previous studies 
howed that several clinical characteristics have prog- 
ostic value in patients with IDC. Besides ventricular 
rrhythmias, Segal et alë emphasized that initial heart 
ize, functional class, and presence of atrial fibrillation 
ere indicators of prognosis. A recent study by Fuster 
alt showed that age and cardiothoracic ratio on chest 
oentgenography were highly predictive of the clinical 
e: Nonetheless, the question of whether these 
al characteristics are related to VT has not previ- 
been answered. Our findings indicate that the sex, 
g symptoms, initial functional class, heart size 
X-ray, and various electrocardiographic find- 
atients with VT were no different from those 
ents without VT. 
f hemodynamic measurements in VT: Pre- 
eports commented on the high mortality and 
en death associated with reduced cardiac index, 
ted left ventricular end-diastolic pressure, and 
nished ejection fraction.2-4)9!! Our results dem- 
e that hemodynamic measurements in patients 
VT are no different from those in patients without 
ggesting that low cardiac index, high left ven- 
end-diastolic pressure, or low left ventricular 
raction are not determinants of VT in IDC. 
nostic value of VT: Some investigators espouse 
etive value of VT in sudden death in patients 
ertrophic cardiomyopathy.2°! Segal and his 
tes? found a 50% mortality rate within 3 years 
patients with a diagnosis of IDC who had VT on 
trocardiogram. Follansbee et al!® demonstrated 
nts with congestive cardiomyopathy or con- 
art failure and nonsustained VT detected by 
ct iographic monitoring are at high 









































risk for sudden death. In our study of 21 patients wi 
nonsustained VT we had 3 deaths. Only 1 was sudde: 
whereas the other 2 patients died from intractabl 
congestive heart failure and sepsis, respectively. VT we 
not demonstrated on subsequent Holter recordin 
during antiarrhythmic therapy in 2 of these 3 patien 
Of the 14 patients who did not have VT, 1 died sud 
denly. No survivor had sustained VT or ventricular fi 
brillation requiring cardioversion or defibrillatio 
during follow-up study. These findings argue agains 
the a of nonsustained VT as a predictor of prognosi 
in 

Limitations of the present study: The major lim: 
tations include (1) the retrospective nature of the stud 
design, (2) the lack of systematic evaluation of antiai 
rhythmic drug therapy (due to the retrospective natur 
of the study, where information regarding drug dosag 
drug blood levels, and compliance with therapy we 
usually incomplete, and (3) the relatively small number. 
of patients and a short follow-up period. Although othe 
studies include a larger number of patients, our stric 
selection criteria limited the number of cases. 

Clinical implications: This report is the first to in 
vestigate the incidence and clinical significance of V’ 
in patients with IDC by long-term ambulatory elec 
trocardiographic recordings. Our study demonstrate 
no significant differences between patients with an 
those without nonsustained VT in those clinical char 
acteristics and hemodynamic findings that have bee 
shown to be of prognostic value in IDC. Furthermor 
we found no differences in mortality between the VT 
and the non-V'T groups, suggesting that VT is not ar 
independent predictor of prognosis. The relatively lo 
mortality in our study compared with those in othe 
studies is intriguing.°® Antiarrhythmic therapy ma’ 
have prevented sudden death in some patients in the | 
VT group. However, all 4 patients who died were re 
ceiving antiarrhythmic therapy and 2 of them no longe : 
had VT on repeat Holter recording. ae 
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p nageal | Pacing for Prognostic Evaluation ot 
itation Syndrome and Assessment of 


- Protective Therapy 
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PhD, FRANCESCO PERTICONE, MD, 


FERNANDO COLTORTI, MD, VITTORIO MONDA, MD, and MARIO CONDORELLI, MD 


‘ppuphagent lead- was used to perform decre- 
ental atrial pacing and elective induction of atrial 

brillation (AF) in 5 patients with the Wolff-Parkin- 
‘son-White (W-P-W) syndrome before and after 
amiodarone therapy. In the control state, 1:1 atrio- 
ventricular (AV) conduction over the accessory 
pathway ranged from 220 to 260 ms (mean 232). 

ne shortest R-R interval during AF ranged from 190 
to 210 ms (mean 198). The ventricular rate ranged 
from 175 to 212 beats/min (mean 196). After ami- 
odarone therapy, the shortest cycle length with 1:1 


e prognosis of preexcitation syndrome due to an ac- 
essory AV pathway (W-P-W. syndrome) i is considered 
h less optimism than it was in the past, because 
eatening arrhythmias and sudden death have 

een reported with it.!1® The determinant of risk in the 
excitation syndrome is a very short anterograde ef- 

- refractory period of the accessory pathway, 

which | can be responsible for a rapid ventricular re- 
sponse when atrial flutter or AF develops.®7~! In fact, 
previous studies found a correlation between the du- 







he accessory pathway and the ventricular response 
| ing AF.U-1* To evaluate the ventricular response 
! ing faster atrial rates and to assess protective drug 
regimen in patients with the W-P-W syndrome at risk, 
an esophageal lead was used to perform decremental 

-atrial pacing and elective induction of AF. 








From the Istituto di Patologia Medica, it Facolta di Medicina e Chirurgia, 
niversita di Napoli, Naples, Italy. This study was supported in part by 
ant 80,02493,11 from the National Research Council (CNR), Rome, 
Italy. Manuscript received July 14, 1982, accepted September 29, 
(1982. 

` Address for reprints: Prot, Giuseppe Critelli, Istituto di Patologia 
Medica, ff Policlinico, Via baad Pansini, 5, 80131, Napoli, Italy. 


* 





ration of the anterograde effective refractory period of 
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AV conduction increased in all patients, ranging | 
290 to 540 ms (mean 370); during AF, no preexcit 
beat was present in 2 patients, whereas the minimal 
preexcited R-R interval in the remaining 3 was 29 
240, and 370 ms, respectively. The ventricular re 
sponse during AF decreased in all patients. Thus. 
esophageal pacing is a useful method for identifying 
patients at risk with the W-P-W syndrome and f 
assessing appropriate management in individua 
patients. Amiodarone provides protection agains 
life-threatening arrhythmias in these patients. 




















Methods 


Patients: The study group consisted of 4 male: patients a an 
1 female patient, aged 18 to 38 years (mean 27), selected from 
52 consecutive patients with the W-P-W syndrome. One pa 
tient had been resuscitated from VF, 1 had a history 
tachycardia, and 3 had familial W-P-W syndrome wit 
history of sudden death in 2 other family members.. All: 
tients had previously undergone endocavitary electrode 
catheter study for electrophysiologic evaluation of the W-P-W 
syndrome. Four patients had multiple accessory pathways 
in addition, enhanced conduction of the AV node was presen 
in 3 and a Mahaim fiber of the fasciculoventricular variety i 
1. 

Procedure: Studies were » performed i in the postabsorpti 
nonsedated state. A bipolar permanent transvenous pac 
lead with a 29 mm interelectrode distance (Medtronic Coro 
nary Sinus Permanent Pacing Lead model 6992) was passed 
through the nares into the distal esophagus with the patien 
supine. The lead was secured where unipolar atrial electro 
grams showed the greatest. amplitude and the most rapid 
deflection on the proximal electrode: this electrode was then 
designated.as the cathodal (negative) pacing terminal: The 
unipolar tracings were filtered at 0.1 to 1 kHz. The pulse du 
ration of the external generator ranged from 7 to 10 ms, and 
the current strength required for a stable capture ranged from 






























IGURE A ‘Warecwoghapéal paaing ina patient v with the W-P-W: syn- 
ome at risk. Decremental pacing shows 1:1 conduction at a cycle 
length of 220 ms; during induced AF, the shortest R-R interval measures 
210 ms. Numbers are in.ms. The tracings are taken trom Case 3, Table 


; BEFORE (ventricular rate 190/min) ; 
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POST SURGERY (ventricular rate 110/min) 
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FIGURE 2. Case 5. Transesophageal pacing before and after ‘Surgery 
a patient with the W-P-W syndrome and multiple accessory pathways 
at risk for sudden death. Note the absence after surgery of preexcited 
ats with a slow ventricular response during induced AF. 


minimum R-R . © 200° 
ventricular rate 212 


ee text for further details. 


TABLE! E Transesophageal Pacing in W-P-W. Syndrome at 
l Risk Before and During Amiodarone* Treatment 





induced Atrial Fibrillation 








4:1 Conduction: % A 
Over Accessory “Minimum Preexcited Ventricular í 
Case Pathway R-R Beats Rate 
1 “230 200 99 212 
340* ~ 370" 65* 146° 
2 260 190- 95 210 
i x 310" 240" 98° 180° 
3 2200. 210 100 175 
l 370" 2907 96* 150° 
4 230 190 88 195 
540* Soy 0* 92* 
5 220 200 100 190 
; 290* EEA Qt o 122" 
Mean 232 198 ae ; 196 
370* pat poent 138* 








20 to 30 mA. All studies were performed with an intravenous 
line in place and with resuscitative equipment immediately 
available, To be certain the ventricle was not paced, pacing | 
was first performed at a slow rate. Decremental pacing was 
then performed initially at a cycle length just below the sinus 
cycle length, with progressive reduction in the cycle length. 
until block appeared in the accessory pathway. Finally, AF = 
was induced by pacing at cycle lengths ranging frora 60 to 120. 

ms. 

The following variables were defined in the control state. and. 
after chronic amiodarone therapy: (1) the shortest cycle len 
with 1:1 AV conduction over the accessory pathway during 
decremental atrial pacing: (2) the ventricular response during. 
induced AF as assessed by the minimat R-R interval betwee 
preexcited beats, percentage of preexcited beats observed, and 
the ventricular rate. The first evaluation of drug effect was 
performed after a.4-week period of treatment with 2,000.mg . 
of amiodarone weekly (administered as 200 mg every 12 hours 
for 5 consecutive days). Serial esophageal pacing was:then 











DECREMENTAL ATRIAL PACING 








FIGURE 3, Case 1. Unsuccessful surgery in nthe W-P-W syndrome (muttiple accessory piwas ans dohantiod AV node conduction) at risk, documented: : De 
y transesophageal pacing. The proteottva rug regimen is assessed using ranshopnagpal pacing. A, before amiodarone; B, after a amiodarone. a ae 


minutes ponian ypa or after intramuscular a 
administration. 

Results are summarized in Table I. In the control 
State, 1:1 AV conduction over the accessory pathway 


DECREMENTAL P : 


ranked Te from 220 to 260 n ms. Ga an 232 
preexaited R-R interval during AF ranged 


therapy, the shortest cycle length with LIAV c mi 
tion over the „accessory pathway was prolong 


observed after amio arone erapy. 

Two patients underwent surgical dissection 
cessory pathways, and transesophageal pacing 
mitted repeated assessment of surgical results. d irin 


INDUC ED ATR IAL FIBRILLATION - 


BEFORE TREATMENT. 


mt 


min R-R490 mean R-R300 vente rate 195 
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Case 4; Transesophageal pacing (P.) 
pharmacologic regimen in a patient 

W syndrome at risk. Before treat- 
conduction ata cycle length (CL) of 230 


_ Amiodarone a has a better 
ve: effect on ventricular: response during 


min. RRO mean R-R370 ventr tate 


AMIODARONE 








350 i 
AMTEGRADE BEFRACTORINESS ACC PATHWAY 





1 sec 


SPONTANEOUS ATRIAL FIBRILLATION 


IGURE 5. W-P-W syndrome with a long (350 ms) anterograde effective refractory period of accessory pathway and intermittent preexcitation h 
arrows). A QRS preexcitation morphology is present during AF. Right bundle branch block is evident during sinus rhythm, when preexcitation dis- 
appears. (See text for further details.) This illustration is taken from a patient not included in the present study. 


ng-term follow-up study. In the first patient, the 
ethod allowed demonstration of the beneficial effects 
f the intervention (Fig. 2). Before surgery, induced AF 
esulted in a minimal preexcited interval of 200 ms, the 
entricular response being 190 beats/min; after surgery, 
preexcited beat was present during AF, with a ven- 
ricular response to 110 beats/min. 
n the second patient, a surgical failure was uncovered 
onths later (Fig. 3). In addition to demonstrating 
reexcitation, decremental pacing resulted in 1:1 AV 
conduction over the accessory pathways at cycle length 
f 230. ms; the minimal R-R interval during induced AF 
as 200 ms with a ventricular response of 212 beats/min. 
Repeated transesophageal pacing allowed assessment 
protective drug regimen in this patient. Thus, after 
amiodarone treatment with 2,000 mg weekly for 4 
eeks, the Wenckebach phenomenon in AV conduction 
ppeared at a cycle length of 340 ms. During induced 
, the minimal R-R preexcited interval was 370 ms 
h a moderate ventricular response. A second suc- 
sful intervention was performed in this patient. In 
patients in whom amiodarone therapy was used 
a of surgery, the follow-up period was 11 
S. 
e, possibility of using the method repeatedly during 
-drug therapy permitted the comparative eval- 
n of different antiarrhythmic agents. In 2 patients 
effects of quinidine versus amiodarone therapy were 
luated, and amiodarone showed better effectiveness. 
he example shown in Figure 4, no consistent modi- 
tion of the ventricular response to either decrem- 
ntal pacing or induced AF was evident with quinidine 
rapy; on the contrary, after amiodarone therapy, 
ck in the accessory pathway appeared at a cycle 
ngth of 540 ms and the ventricular rate during induced 
Fy was slow, with h no preozcited QRS complex i 











„pathway: The findings considered to indicate al rela- 


Discussion 










The use of atrial pacing from the esophagus for di 
agnosis or therapy is well known,!4-5 but its application 
has been limited because of either patient diseomfor 
due to high current requirements or the lack of consis 
tent capture. Gallagher and co-workers!® demonstrated 
that lower pacing thresholds can be obtained by using — 
a wider pulse duration and a bipolar electrode witha 
wide interelectrode distance. These investigators _ 
pointed out the usefulness of this method asa diagnostic 
and therapeutic tool for the investigation and treatment 
of supraventricular tachycardia.!« 

Our study demonstrates that esophageal pacing 
provides a noninvasive method for identifying patients o 
at risk with the W-P-W syndrome and for assessing 
appropriate management in individual cases. = = = 

A patient with the W-P-W syndrome at risk of sud- 
den death can be identified if an electrocardiograph 
tracing during atrial flutter/AF is available.!° In 
tients not exhibiting this particular tachyarrhythm 
an invasive procedure is required to define the g 
grade effective refractory period of the. 
pathway at different cycle lengths and the. ve 
response to either decremental atrial pacing or in 
AF.!2-14 Tn addition, because sudden death may 
first manifestation of the W-P-W syndrome,® 
similar approach might reasonably be considere 
asymptomatic patients. Because an endocavitary study 
would be impossible in all patients with electrocardio- 
graphic evidence of preexcitation, certain criteria have ae 
been suggested to noninvasively exclude a short anter- 
ograde effective refractory period of the accessory ` 























tively long refractory period include (1) inter 


z prerseitotion 5 2 block i in the accessory pa way after 
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EXERCISE (70W/4min) 


INDUCED ATRIAL FIBRILLATION 


min. R-R 190 
mean R-R 300 
ventr. rate 195 
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f Ee 6. Case 4. inability of noninvasive tests to exclude a short anterograde effective refractory period of accessory pathway: in the we 
yndrome. Both: ajmaline administration and exercise testing induce block in accessory pathway, but the ventricular response during AF i: is ra 
th almost all beats preexcited and minimal R-R interval measures 190 ms. 


avenously administered ajmaline,!9 and (3) block 
the accessory pathway during exercise testing.?° All 
are limited because the assessment takes place during 
inus rhythm. In fact, these criteria provide no infor- 
mation on the anterograde effective refractory period 
the accessory pathway during fast atrial rates. Be- 
V bypass tracts in the W-P-W syndrome are 
omposed. of working myocardium,”!~26 it should 

rprising that in some patients an accessory 

way with a long anterograde effective refractory 
during sinus rhythm can increase its conduction 

city when a rapid atrial rhythm develops. Figure 
shows that despite a long anterograde effective re- 

y period, that is, 350 ms, of the accessory pathway 
pattern of intermittent W-P-W electrocardiogram 

g sinus rhythm, maximal preexcitation with a fast 
Teulat response can occur with the development 


r noninvasive tests are dinate to exclude a very 
nterograde effective refractory period of an ac- 
pathway in some patients. In the patient in 

, although the accessory pathway is blocked 
fter ajmaline and during exercise, AF induces a 
ntricular response with preexcited QRS com- 
Thus, the standard electrocardiogram in the 
yndrome, even with exercise and drug testing, 
ufficient prognostic sensitivity. Atrial pacing, 
ing elective induction of AF, is the most reliable 
evaluating the potential for rapid ventricular 
during AF and thus of eematying subjects. at 


Our study demonstrates that ` ‘this eal ‘can 
achieved using esophageal pacing, thus avoiding seve 
problems that arise from endocavitary studies. In 
dition, our preliminary study indicates that amiodaron 
therapy can protect against life- threatening arrhyth 
mias in patients with the W-P-W syndrome at risk. 
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ectrophysiologic Studies Before and After Myocardial 
revascularization in Patients With Life-Threatening 


fentricular Arrhythmias 
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Tectropħiysiologic studies with programmed cardiac 
stimulation were performed in a selected group of 
17 patients with severe proximal coronary artery 

isease involving at least 2 major vessels and left 

entricular ejection fractions >30% who were 
dergoing coronary artery bypass graft surgery 

er prehospital cardiac arrest or ventricular 
chycardia (VT) unassociated with acute myo- 
ardial infarction. Before surgery and without anti- 
rhythmic drug therapy, programmed cardiac 
timulation induced ventricular fibrillation (VF) in 
patients, and VT (25 beats) in 11 patients. In- 

t cible VT or VF was suppressed by antiarrhythmic 

rugs in 7 of 13 patients in whom they were tried. 

tients underwent coronary artery bypass graft 
rgery unassociated with perioperative myocardial 

farction. When studied again an average of 19 

ays after surgery, 10 patients had no inducible VT 


ole of myocardial ischemia in the genesis of sud- 
ife-threatening ventricular tachyarrhythmias is 
plex and. poorly understood topic. Consequently, 
le of surgical myocardial revascularization in the 
gement of patients with ventricular arrhythmias 
ing from ischemic heart disease has not been well 
hed. Although there have been several reports 
topic, 1-3 no study to date has examined sys- 
ically the efficacy of coronary artery bypass graft 
ry in suppressing the ventricular arrhythmias that 
ucible by programmed ventricular stimula- 
Ithough the majority of patients with lethal 
ular arrhythmias have severely depressed left 
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or VF without aitiarrhythinic drug therapy: 6 
induced VT. One patient had spontaneous VT. 
effective antiarrhythmic regimen that suppres 
inducible or spontaneous VT, or both, was define 
by serial electrophysiologic ‘studies in 4 pati 
whereas 3 patients continued to manifest electric: 
inducible VT with all antiarrhythmic regimens tested 
All but 1 patient, in whom postoperative VT could not 
be suppressed, are free of arrhythmias after a me 
follow-up period of 23 months (range 6 to 53). I 
concluded that myocardial revascularization al 
may improve the abnormal electrophysio 
findings in certain patients; however, this effe 
coronary artery bypass graft surgery is unpre 
able, and pre- and postoperative electrophysiolog 
studies are recommended as part of the evalu ! 

of these patients. 


ventricular function;+" a selected subgroup of th 
have, in addition to severe proximal coronary art 
disease, left ventricular function not depressed eno 
to preclude cardiac surgery with myocardial revaset 
larization. We investigated the effect of myocar 
revascularization on inducible ventricular arrhyt! 

by performing programmed cardiac stimulation bet 
and after coronary artery bypass surgery in such a as 
lected group of 17 patients. 


-Methods 


The patient population included 11 men and. 6 W 
ranging in age from 51 to 74 years, who satisfied the fol 
criteria: proximal coronary artery disease with 270%: 
tion in diameter, involving at least 2 of the major còro 
arteries (Table I), and left ventricular ejection fraction > 
calculated from biplane angiography.® Thirteen of th 
patients collapsed unexpectedly and VF was documente 
the time of resuscitation. In no patient was the episode o 
associated with the evolution of anew myocardial infar 
The remaining 4 patients had a history of syncope with do 
umented VT..Eight. patients had a history of remote 
cardial infarction: om 2 een had been paving $ t 
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¿Angiography Response Drug Response Drug 
Ventriculogram Fraction (%) (%. Diameter) to PCS Trials to PCS Trials 
Anteroapical HK 63 LM VT Quinidine; NVA Quinidine,* 
LAD 100 S mexiletine, 
L70 propranolol; 
R 80 S 
Normal LV 76 LM VF Quinidine, NVA 
LAD. 80 © propranolol; 
LC 80 S$ 
R.50 
Apical AK 42 LM 60 VF Quinidine, NVA 
Anterolateral HK LAD >70 procain- 
LO >95 amide, 
R 100 mexiletine, 
propranolol; 
NS 
Apical AK 35 LM NVA NVA 
Anterolateral HK LAD 50 then 
Inferior HK 100 
LC 100 
RCA 70 
Ri 90 
Apical AK 40 LM VT Propranolol, VT Propranolol, 
Anterolateral HK LAD 100 procain- procainamide, 
Inferior HK LG 70 amide; mexiletine; 
R 90 S S 
Anterolateral HK 50 LM VF Quinidine; NVA 
Posterobasal AK LAD.40 S 
LC:80 
R 100 
Normal LV 73 VT Eala NVA 
LAD 90 
LC 70 
R 100 a 
Anterolateral HK 62 LM 20 VT Quinidine, VT Quinidine a 
LAD-80 disopyramide, procainamide, 
LC 100 propranolol, propranolol, =- 
R 60 mexiletine, mexiletine: =- 
procamamide, NS nae 
inferobasal HK 50 LM VT Mexiletine; NVA 
LAD 60 s. 
LC 90 
R 100 





: This patient was not tested without drugs after surgery. AK. = akinesia; CABG = coronary artery bypass graft; HK = hypokinesia; LAD = 
teft circumflex coronary artery; LM = 


terior tlescerding coronary artery; LC = 


giña pectoris. Two other patients were receiving antiar- 
yvthmic therapy with quinidine at the time of ventricular 
rhythmia. None of the other patients were receiving any 
iarrhythmic drugs when VF or VT occurred. One patient 

d already undergone coronary artery bypass graft surgery 
ce, with successful relief of angina, 10 months before pre- 
spital cardiac arrest. The cardiac catheterization and the 
rgical electrophysiologic studies were performed 1 to 14 
part. The electrophysiologic studies were carried out 
rage of 2.5 weeks after resuscitation from cardiac arrest 

út any complications. All antiarrhythmic drugs were 


ntinued under continuous electrocardiographic moni- 


g at least 48 hours before the initial electrophysiologic 
udy. No patient had received amiodarone before the initial 
ectrophysiologi¢ study. Endocavitary recordings from the 
right atrium, the bundle of His, and the right ventricular 
were obtained, and programmed cardiac stimulation was 

rried out using quadripolar electrode catheters inserted 
arcutaneously by way of femoral or antecubital veins: The 
srotocol for programmed cardiac stimulation included single, 





double, and triple programmed premature ventricular stimuli 


hythm and fixed-rate entricular pacing, yk dence o of a acute myocardial 'nfarction ‘associ 


. pectoris during the iterim period, but no patient 
_. cardial infarction during this period. There wer 
a complications and no enzymatic or electroca 























left main coronary artery; LV = left ventricle; NS = i neti $ 


and brief (3 to 5 beat) bursts of rapid ventricular pacing durin 
normal sinus rhythm. VT (25 beats) or VF was considered 
end point. during the stimulation protocol.. If no inducibl 
ventricular tachyarrhythmia occurred in response to stimu 
lation from the right ventricular apex, the stimulation. protoco 
was repeated from the right ventricular outflow tract. 

Serial drug trials with oral antiarrhythmic drug tl 
were conducted in an attempt to suppress the inducib: 
tricular arrhythmias during the period before th 
artery bypass graft surgery in all but 2 patients whi 
ducible ventricular arrhythmias (Table I). One of 
patients had a stenosis with 70% reduction in diamete 
volving the left main coronary artery. Both patients wei 
under continuous cardiac. monitoring without any. 
rhythmic drug therapy and without serial drug trials: 
surgery. Coronary artery bypass graft surgery was perf 
an average of 2.8 months after out-of-hospital cardiac 
(range 1 to6 months). Two patients continued to have angi 








inue d) : Eae 
“Contrast = 
Left. LV Ejection 
Ventriculogram . Fraction (%) 


Coronary 
Angiography 
(% Diameter) 


Pre-CABG 
“Response Drug 
to PCS Trials 


Pre-CABG Post-CAGB _Post-CABG 
Response “Drug 
toPCS . Trials) © 





Normal LV 65 


ical LM 
olateral HK LAD diffuse 
HK’: plaques 


R75 
Severe stenoses 


Apical HK 


Inferior HK 
Apical HK 


Anterolateral HK 
Inferior HK 
Apical AK 
Septal AK 
Anterolateral HK 
Inferior HK 
Apical AK 


Apical AK 
Anterolateral HK 
Inferior HK 


Apital HK 
Posterobasal AK 
inferobasal HK 


le VT/VF; NVA = no ventricular arrhythmia, <3 repetitive ventricular responses to PCS; pcs = 


Quinidine, 
mexiletine, 
propranolo 
S 


VT ele VT 


Propranolol; 
Ske 


Quinidine, = 
procainamide, 
tocainide, 
mexiletine; 
NS 


Quinidine, : 
“mexiletine, 
ta dake 


Quinidine, 
‘tocainide, 
mexiletine, 
disopyramide; 
8S 


Quinidine, 
procainamide, 
‘mexiletine, 
propranolol; 
NS 


Quinidine, 
propranolol, 
disopyramide, 
procainamide, 
mexiletine; 
NS 


ed cardiac stimulati 


n r progra Su an 
coronary artery; RI = ramus intermedius; S = suppression of inducible VT/VF; VF =.ventricular fibrillation; VT = ventricular tachycard 


; bypass graft surgery in any of the 17 patients. Every 
nt had continuous electrocardiographic monitoring for 
10 days after surgery. All 17 patients underwent repeat 
ysiologic studies using the same stimulation protocol 
age of 19 days (range 12 to 47) after cardiac surgery. 
ean interval between the pre-and postoperative elec- 
ysiologic study was 2.5 + 0.8 months (mean + standard 
n of the mean). In all but 3 patients this period was 
hs long; in these 3 patients, the periods were 4, 5, and 
long. The patients in whom programmed cardiac 
ion induced VT after revascularization surgery un- 
serial antiarrhythmic drug tests with programmed 
stimulation in an attempt to define a regimen that 

sed inducible ventricular arrhythmia. 


Results 


ulation: inducible VF in 4 (Fig. 1), and inducible 
11, In’3 of the 11 patients, the induced VT w 
tained, whereas in 8 other patients the indu 
ended spontaneously after 6 to 27 beats. The remain 
2 patients manifested 1 to 3 repetitive ventricular 
sponses with programmed cardiac stimulation 
both the right ventricular apex and the right ventri 
outflow tract. Programmed double premature 

ular stimuli during normal sinus rhythm did no 
ventricular arrhythmias in any patient. VT and 
initiated by double premature ventricular beats 
ered during ventricular pacing in 13 patients (Fig. 

by bursts of 3 and 4 ventricular stimuli appliec 
normal sinus rhythm in 2 patients. The average 
the induced VT was 265 beats/min. Of all the patie 
only 1 had angina pectoris or manifested electri 
diographic signs of myocardial ischemia duri 
grammed cardiac pacing. oe 












| norm ve ol m by angio- 
aphic criteria. No patient had a single, large, discrete, 
yskinetic segment or aneurysm that was suitable for 
esection. The mean left ventricular ejection fraction 
calculated from biplane angiography® was 49 + 7% 
(mean + standard error of the mean) with a range of 32 
to 76%. All patients had extensive proximal coronary 
artery disease, including 2 who had left main coronary 
ry stenosis of 260% reduction in diameter and, in 
dition, stenoses involving the right coronary artery. 
eneral, there were no distinct patterns of coronary 
ry disease or left ventricular contraction abnor- 
ies that predicted specific electrophysiologic re- 
onses to programmed ventricular stimulation. 
Serial antiarrhythmic drug tests were carried out 
eoperatively in conjunction with programmed cardiac 
_ stimulation in 13 of the 15 patients with inducible VT 
‘VF. A total of 39 drug trials (average 3/patient), were 
carried out without complications. In 8 of these 13 pa- 
tients, complete suppression of electrically inducible 
ventricular arrhythmias (defined as a maximum of 3 
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IGURE 1. Response to programmed double premature ventricular depolarizations during ventricular pacing in 1 patient. The continuous tracing. 
lows the initiation of VT with a.cycle length (CL) of 200 ms and its gradual transformation 
‘land precordial lead Vi are displayed simultaneously with right atrial (RA), His bundle (HB), and right ventricular (RV) electrograms: A 

= normal sinus rhythm; Sx, S2, Ss = stimulus artifac: : 


























epetitive ventricular responses during programmed 
ventricular stimulation) was achieved with the use of 
In the remaining 5 patients, programmed ventricular 
stimulation repeatedly resulted in VT or VF despite 
therapeutic trials with quinidine, procainamide, diso- 
pyramide, propranolol, mexiletine, tocainide, and am- _ 
iodarone. The only patient who received amiodarone vet 
before surgery underwent programmed cardiac stimu-. 
lation after 2 weeks of therapy with this drug. 
Electrophysiologic findings after coronary ar- 
tery bypass graft surgery (Table I): All 17 patients 
underwent electrophysiologic evaluation with pro- 
grammed ventricular stimulation an average of 19 days 
after aortocoronary saphenous vein bypass graft sur- 
gery. Patients who were taking digoxin before surgery _ 
underwent postoperative electrophysiologic study while 
taking digoxin and were discharged on this drug there o 
apy. All but 1 of the 17 patients were tested without 
antiarrhythmic therapy after surgery. The only patient es 
who received amiodarone before surgery had not been 
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into VF. Electrocardiographic (ECG) limb leads | and 













ventricular depolarization... 





is drug for 35 days at the time sol aN 
grammed cardiac stimulation. One patient had re- 
‘ent spontaneous VT which was suppressed with 
nidine, mexiletine, and propranolol. This patient 
derwent a postoperative electrophysiologic evalua- 
on while following this antiarrhythmic regimen, was 
und to have no inducible ventricular arrhythmia in 
mse. to programmed ventricular stimulation, and 
scharged ön this regimen. Ten patients mani- 

no VT or VF in response to any mode of pro- 
entricular stimulation without any antiar- 

thmic drug therapy after coronary artery bypass 

ft surgery. Included in this group of 10 were all 4 
patients who had VF in response to programmed 
stimulation before coronary artery bypass graft surgery. 
Eight of these 10 patients were discharged without any 
antiarrhythmic drug therapy. The remaining 2 patients 
without inducible arrhythmias continued to have 
spontaneous symptomatic ventricular ectopic activity 
of a higher degree than before surgery, which was sup- 
ressed empirically with quinidine, mexiletine, and 
opranolol by the attending physicians. These 2 pa- 


ents underwent repeat electrophysiologic testing while - 


king these antiarrhythmic drugs and, as observed in 
bsence of antiarrhythmic drugs, no ventricular 
hythmias could be initiated by programmed ven- 
‘icular stimulation. 
‘he remaining 6 patients manifested VT in response 
j programmed cardiac stimulation during postopera- 
ve electrophysiologic studies. The ventricular ar- 
hythmias induced by programmed ventricular stimu- 
Jation in these 6 patients before and after coronary ar- 


oe tery bypass graft surgery were similar. Five patients 


anifested nonsustained (5 to 22 beats) and 1 had 

ustained VT in response to the same mode of pro- 

mmed cardiac stimulation as before surgery. The 

iwe tachycardia rate was also comparable (265 

/min before and 246 beats/min after surgery). 

antiarrhythmic drug trials were carried out in 

nction with programmed cardiac stimulation in 

ese 6 patients. In 3 patients, a drug regimen that 

ted electrical induction of VT after coronary 

ry bypass graft surgery was defined, whereas the 

er 3 patients had inducible VT with all drug regi- 

ns tested. The latter 3 patients were discharged on 

rrhythmic drug regimens that were thought to 

modify the inducible ventricular arrhythmias favorably 

decelerating or abbreviating them. 

summary, 2 patients who manifested no inducible 

lar arrhythmia before surgery also remained 

inducible ventricular arrhythmias after surgery. 

atients who had inducible VT or VF before sur- 

se arrhythmias became noninducible through 

rdial revascularization alone in 8 (53 %), and 

h surgery and antiarrhythmic drugs in another 

); the remaining 3 patients (20 %) continued to 

ucible arrhythmias. 

ical follow-up: None of the 17 patients in this 

ied during a mean follow-up of 23 months (range 

nly 1 had recurrent VT. This patient was 1 of 

ducible VT could not be suppressed com- 


pletely by amarnic driga even aaner myocardi 
revascularization. Twenty-four hour ambulatory ele 
trocardiographic recordings obtained after dischar 
were either normal or showed low-grade ventricular 
ectopic activity with uniform, nonrepetitive, prematul 
ventricular beats, but no VT. The patients have re- 
mained free of angina as well as of signs and symptoms 
of heart failure. Two patients underwent repeat e 
trophysiologic studies with programmed cardiac 8 
ulation without any antiarrhythmic drug the 
months after surgery. One of these patients wh 
inducible ventricular arrhythmia 2 weeks after 

also had no inducible arrhythmia 6 months lat 

other patient had inducible VT 2 weeks as well as 
months after surgery. 


Discussion 


Recent studies have found that important électro- 
physiologic abnormalities can be demonstrated by 
programmed cardiac stimulation in patients with severe 
coronary artery disease who have been rescuscitated 
from an episode of prehospital cardiac arrest unass 
ciated with acute myocardial infarction.t* Howevi 
no study to date has examined systematically the effe 
of surgical revascularization on inducible ventricular 
arrhythmias and only limited data are available on the 
role of coronary artery bypass graft surgery, specifi 
in survivors of prehospital cardiac arrest.'~°+6 The 
data suggest that recurrent VF remains a ser! 
problem even after coronary artery bypass graft su 
gery.!-3 Our study shows that inducibility of ventricul 
arrhythmias, which is an important prognostic fact 
can be substantially influenced by surgical myocard 
revascularization in a select group of patients. 

By selection, our patients had relatively well-pre- 
served left ventricular function and critical proximal 
coronary artery disease. The mean left ventricul 
ejection fraction of 49 + 7% in this group of pati 
reflects better left ventricular function than the pre 
ously reported patients resuscitated from out-o 
pital cardiac arrest.*°” The stimulation study re 
seen in this selected group of patients were also differe: 
from those previously reported, with a greater inciden 
of VF and a smaller incidence of sustained VT.4°. 
though the majority of inducible ventricular arrhyth- 
mias are observed in patients with infarcted left ven- 
tricles,4°-6.9.9 the presence of an angiographically 
tectable scar was neither necessary nor sufficient, fo 
presence of an inducible ventricular arrhythmia i ino 
patients. For example, VF was induced in a patien 
normal left ventricular wall motion and VT in apa 
with a single hypokinetic segment. On the other 
in 2 patients with multiple wall motion abnormal 
no VT could be induced by programmed cardiac 
ulation. These differences are not likely to be du 
differences in stimulation technique, since in patien 
with only repetitive ventricular responses the en 
stimulation protocol was carried out. Thus, there coul 
be a complex and poorly understood interaction of 
versible ischemia with chronically fixed anatomic a 
elerno iystologie f abnormalities underlying the gene : 








tients. Despite the absence of subjective or objective 
eria for reversible myocardial ischemia in the ma- 
rity of the patients during the electrophysiologic 
studies, pacing-induced changes in myocardial perfu- 
ion could play a role in the genesis of induced ventric- 
ular arrhythmias, because in half of our patients myo- 
cardial revascularization alone prevented the induction 
of ventricular arrhythmias. This phenomenon was true 
pecially in cases of induced VF but was also seen in 
ients with reproducible VT. 
n our study, the comparison between electrophysi- 
logic findings is made on studies performed no more 
‘han 3 months apart except for 3 cases; in 2 of these 3 
ases, pre- and postoperative findings were the same. 
t is unlikely that the changes observed in electro- 
physiologic study results were related to the time in- 
tervals between the studies rather than the surgical 
ntervention. More importantly, the reproducibility of 
ie findings observed during the postoperative elec- 
ophysiologic studies may be questioned because of 
ral factors, such as plasma catecholamine level, that 
may differ from baseline values due to recent surgery. 
his question can be resolved only by repeating the 
yrogrammed stimulation several weeks or months after 
urgery-—a difficult prospect since it involves invasive 
tudies in asymptomatic patients. The repeat studies 
were done in only 2 patients in our study group and the 
sults obviously cannot be generalized to the whole 
toup. Nevertheless, in these 2 patients the responses 
ò programmed cardiac stimulation 2 weeks and 6 
months after surgery were the same. 
Only 2 patients in our study group were receiving 
ntiarrhythmic drugs at the time of their out-of-hospital 
ardiac arrest or VT. Since antiarrhythmic drugs can 
be proarrhythmic, their contribution to the mechanism 
_ producing ventricular arrhythmias cannot be ruled out. 
However, both of these patients also had inducible 
ventricular arrhythmias when studied without any 
intiarrhythmic drug therapy, thus manifesting at least 
heir potential to have lethal ventricular arrhythmias 
ven in the absence of antiarrhythmic drugs. 
In most of the patients with spontaneous complex 
entricular ectopic activity, these arrhythmias persist 
after coronary artery bypass surgery, and the frequency 
and severity of ventricular ectopic activity may even 
xceed that observed before surgery.!!-!3 Our study 
howed that surgical myocardial revascularization may 
nfluence spontaneous ventricular ectopy and inducible 
ventricular arrhythmias differentially, thus presenting 
erapeutic dilemma for the clinician concerning the 
use of antiarrhythmic agents. When symptomatic 
ntricular ectopic activity requires treatment even 
en VT is no longer inducible, our approach has been 


































ventricular arrhythmias in this select group of pa- to select an antiarrhythmic drug regimen which sup- 









presses electrically inducible ventricular arrhy cima E 
as well as spontaneous ventricular ectopy. a, 
In summary, our study shows that myocardial: re- 
vascularization has a role in suppressing lethal ven- 
tricular arrhythmias, alone, or in conjunction with 
antiarrhythmic drugs in a selected group of patients 
even when scarred myocardium is left in situ. During the. 
follow-up period, all patients in whom inducible ven- 
tricular arrhythmias were suppressed by surgery alone > 

or in conjunction with antiarrhythmic drugs remained 

free of VT or VF. However, it is not possible to select 
these patients from preoperative angiographic data : 
alone. The differences in the outcome of surgery may © + 
reflect the nonuniformity of the underlying disease 
process as well as our lack of understanding of the 
electrophysiologic mechanisms responsible for VT. and 
VF in this patient population. As long as the efficacy of 
coronary artery bypass surgery in eliminating suscep- 
tibility to life-threatening ventricular arrhythmias re- 
mains unpredictable, pre- and postoperative electro- 
physiologic studies constitute an important part of the — .., 
evaluation and treatment of patients who are known to = 
be at high risk for sudden cardiac death. 
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second in a series ‘of case histories demonstrating the 
m system's unique ability to wp physicians diagnose the 


INTERMITTENT HEARTBLOCK, 
SINUS ARREST 


patient eceived a bipolar Quantum™ pulse 
with a transvenous bipolar lead. Intraoperative 
copy and postoperative telemetry indicated satis- 
ad position. 
onths later, during routine telephone follow-up 
ermedics’ Trace-A-Pace™ | service, the seme 


A subsequent ECG strip 
though the patient had: 


ECG: Loss of capture 


electrode, Access to the lead was gained via the pacer 
pocket and the repair was effected by medical adhesive 
and a suture sleeve tied in place. Postrepair pacing 
normal with telemetry indicating. acceptable: lead i imp 
ance values. 

This is just one example of how 
the exact source of a patient's pr 
pacing system, including a Decoder, Printer Trans 
Intermedics Programmer and three pacemaker mode 
the most sophist echnology available today. By pro 
you with more information, ccna helps you better ma 
your pease patien ts, 





x X X 
NOW...FOR OPTIMAL HEMODYNAMIC RESPONS. 


R 


fidil is a concentrate 
T drug which must be® 


©1982 American Critical Care of 
Division of American Hospital. Supply Corporation “Sa 





IN CHF ASSOCIATED WITH ACUTE MI = * 





g/t 
risk of fluid overload especi y help 
of oligurią) 


an ew level of therapeutic precision to the treatment of CHF 


E ee un oni i TRIDIL 
a SYSTEM 


ng information. a A i 
~ American Critical Care 









ENOUS INJECTION. TRIDIL® MUST BE DILUTED IN DEXTROSE 

ECTION, USP OR SODIUM CHLORIDE (0.9%) INJECTION, USP PRIOR TO ITS 

E DOSAGE AND ADMINISTRATION SECTION OF FULL PRESCRIBING 

IMATION). THE ADMINISTRATION SET USED FOR INFUSION WILL AFFECT THE 

INT OF TRIDIL DELIVERED TO THE PATIENT (SEE WARNINGS, AND DOSAGE AND 
MINISTRATION SECTIONS.) i ; 


SEVERAL PREPARATIONS OF NITROGLYCERIN FOR INJECTION ARE AVAILABLE: THEY 
DIFFER IN CONCENTRATION -AND/OR VOLUME PER VIAL. WHEN SWITCHING FROM 
ONE PRODUCT TO ANOTHER ATTENTION MUST BE PAID TO THE DILUTION AND 
DOSAGE AND ADMINISTRATION INSTRUCTIONS. 


a? hould not be administered to individuals with: 
known: hypersensitivity to nitroglycerin or a known idiosyncratic reaction to organic 


Of uncorrected hypovolemia, às the use of TRIDIL in, such states could 
severe hypotension of shock, 3 
intracranial pressure(e.g., head trauma or cerebral hemorrhage). 


Constrictive pericarditis and pericardial tamponade. 















in readily migrates into many plastics. To avoid absorption of nitroglycerin into 
nteral solution containers, the dilution and. storage of TRIDIL for intravenous 
should be made only in glass parenteral solution bottles, 

filters absorb nitroglycerin: they should be avoided. 
F to 80%:0t: the total amount of nitroglycerin in the final diluted solution tor infusion is 
bsorbed by the: polyvinyichioride (PVC) tubing of the intravenous administration sets 
rrently in general use, The higher rates of absorption occur when flow rates. are low, 
nitroglycerin concentrations are high, and the administration set is. long. Although the rate 
Joss is highest during the early phase of infusion (when flow rates: are lowest) the loss is 
i constant nor selt-limiting; consequently ho simple calculation or correction can be 
Med. to convert the theoretical infusion rate (based on. the concentration of the 

Infusion: solution) to the.actual delivery rate. : ` 

Because of this problem, American. Critical. Care has developed TRIDILSET™ an 
stration set in which loss of TRIDIL is minimal {fess than 1%). TRIDILSET tor a similar 

ministration sat) is racommended for infusions of TRIDIL. 

DOSING INSTRUCTIONS MUST BE FOLLOWED WITH CARE. iT SHOULD BE NOTED 
THAT WHEN TRIDILSETIS USED, THE CALCULATED DOSE WILL BE DELIVERED TO THE 
PATI BECAUSE THE LOSS OF TRIDIL DUE TO ABSORPTION IN STANDARD PVC 

LL BE KEPT TO-A MINIMUM. NOTE THAT THE DOSAGES COMMONLY USED 

*UBLISHED STUDIES UTILIZED GENERAL-USE PVC ADMINISTRATION SETS AND 

COMMENDED DOSES BASED ON THIS EXPERIENCE ARE TOO HIGH WHEN 
TH 














xcessive hypotension, especially tor prolonged periods of time, must be avoided because 

te deleterious effects onthe brain, heart. liver, and kidney from poor perfusion 

| attendant risk of ischemia, thrombosis. and altered function of these organs. 

Paradoxical bradycardia and increased angina pectoris may accompany. nitroglycarin- 

induced hypotension. Patients with normal or low pulmonary capillary wedge pressure are 

sially sensitive to the hypotensive. effects of TRIDIL. if pulmonary capillary wedge 

ssure is: being monitored. it will be noted that a fall in wedge pressure precedes the onset 

f arterial hypotension, and the pulmonary capillary wedge pressure is thus a useful guide to 
fe titration of the drug 


j n mutagenesis, impairment of feriiiity 
longterm studies in animals were performed to évatuate carcinogenic potential of TRIDIL, 
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Every cardiologist, internist, pediatrician, surgeon—indeed, 
every physician—-should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why... 
this is so essential: 





C] 3⁄4 of all pre-excitation cases are misdiagnosed, 

© 5% to 10% of all tachycardias in adults are produced by 

pre-excitation. 

Cl In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

J 3⁄4 to 2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this _ 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors’ personal experiences. of = 
follow-up studies of patients through many decades. It also 
brings a-broad view of the literature and discusses the OES 
different structural and physiological aspects which form: the: / 

pathomechanism of pre-excitation. ; 


“What is offered richly in this book is a methodical and => 

comprehensive analysis of virtually all currently available 
knowledge-on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdo 
here which only time and experience can provide. The ` 
encyclopedic references alone would.make the book 

invaluable to anyone seriously interested in the Wolff. 
Parkinson-White syndrome, But when knowledgeable’ 
discussion and personal observations are added, it is 2 
genuinely a monumental contribution to clinical cardiology => 
and cardiac electrophysiology. ” s 


Thomas N. James, MD vy Ruk 
The Mary Gertrude Waters Professor of Cardiology and © hairman c 
the Department of Medicine, The University of Alabama in Birmin 
ham, and Physician-in-Chief, University of Alabama Hospiti 
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YORKE MEDICAL BOOKS, Box C-757,Brooklyn; N 


Please send me a copy of THE PRE-EXCITATION SYN 
at $38.00. Imay use the book for 30 days and if not ce 
satisfied, return it for full refund or credit. 


















CI Bill me plus'cost of shipping. F 

| Payment enclosed, publisher pays shipping. 

l Charge my credit card: (3 MasterCard ©} Visa, 
Card No. eee Expire Date oina 
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THE oe Om THE SELECTED CARDIAC LE ARE NOW BEING 
AUTOMATIC DEFINED AND TRACED. SE WAIT. 


ALL BORDERS ARE NOW DEFINED. CONTINUE BY PRESSING ENTER. 


--PLEASE SELECT-- 


F1 Fe F3 F4 FS F6 

CINE AXIS COMPARE EARLIEST REVIEW STORE 

REVIEW ROTATION SECOND MOTION GRAPHICS FOR 
CYCLE ANALYSIS PAGES SUMMARY 
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Finally. 
A computer fast enough to make dynamic 
cardiac quantitation a practical reality. 








The Franklin 
Quantic 1200. 


Now for the first time, Franklin makes it possible to digi- 
tize complete cardiac cycles in real time and quantitate 
the massive amounts of information captured by video 
echocardiographic studies. 

In fact, the Quantic 1200 uses all the significant infor- 
mation on every frame of a cycle to guide and correct 
the information on every other frame of the same cycle. 

This allows the computer to: 

a Automatically recognize and track the borders of the 
endocardium. (The operator has the flexibility to 
interrupt the process, draw new borders, and edit 
at any time.) 

Perform comparative analyses of normal and abnor- 
mal beats using segmental wall motion displays. 

a And provide repeatable calculations on perimeters, 

areas, volumes, and ejection fractions. 

All within a few short minutes. 

So, now you can make decisions based on more 
complete and more precise information about the 
region, extent, magnitude, and timing of heart abnor- 
malities from non-invasive images. 

Furthermore, because the entire process is repeat- 
able, relatively inexpensive, and non-invasive, the 
Franklin Quantic 1200 provides you with the first practical 
way to monitor and evaluate heart performance before 
and after therapy. 





FRANKLIN 


We make it possible. 


The Franklin Quantic 1200. 


It can give you more useful information, faster. 


It is, in fact, the first computer fast enough and 
powerful enough to capture and digitize the massive 
amounts of data present in real time ultrasound video 
signals. 

In addition, the Quantic 1200 is the only echo- 
cardiographic computer on the market with 
enough power to apply the extraordinarily complex 
algorithms researchers are currently developing for 
future clinical use. These include automatic edge 
detection, tissue characterization, image processing, 
frame-to-frame averaging, motion detection, and 
noise reduction. 

Yet, for all its sophistication, the Quantic 1200 
is even simpler to operate than many home/office 
minicomputers. 

Compare these features with any other system at 
any price: 


SOFTWARE 

Operator-friendly, screen-prompted software 
programs provide faster access to information and 
greater flexibility than any other system currently 
available. 

Furthermore, because all programs are designed 
for maximum simplicity and ease of operation, no prior 
knowledge of computers is necessary for full clinical 
use of the Quantic 1200. 


CLINICAL PROGRAMS 

Five of the most widely accepted algorithms used 
to calculate 2D echocardiographic measurements of 
areas, volumes, ejection fractions, and other essential 
derived physiological data. 

A full complement of M-mode programs for cal- 
culations from both video and hard copy. 

Automatic Border Recognition Algorithm devel- 
oped for Franklin under exclusive license by one of the 
nation’s leading university research centers. (Clinical 
human validation studies ongoing.) 

Full cycle analysis programs including three 
segmental wall motion algorithms and one area/ 

__ perimeter change analysis algorithm. 


REAL TIME FRAME GRABBER 
Capable of capturing and digitizing complete 
cardiac cycles in real time. 


Bruce Franklin, Inc. 
10715 8th Ave. N.E. 
Seattle, WA 98125 


` DO Please send me more information about the 
Franklin Quantic 1200. 
Old also like a demonstration. 


Name 
Title 
Hospital/Clinic 
Address. 
City. State _ZIP. 
Phone ( ) 




















DIGITAL STORAGE 
Hard disk for efficient storage and retrieval of 1200 
discreet frames of video information. 


COMPUTER 
Special purpose, 16 bit computer. 
Half-million byte RAM memory (expandable). 
High speed, high resolution graphics system. 


TWO MONITORS 

Two high resolution, 9-inch screens; one for 
prompting, one for imaging. 
KEYBOARD 

Typewriter quality full alphanumeric keyboard for 
convenient labeling and data entry. 
JOY STICK 

Precision, strain gauge joy stick, custom-designed 
by Franklin for the specific task of tracing borders of 
the endocardium. 
DIGITIZING PAD 

High resolution, convenient digitizing pad and pen. 
PRINTER 

High resolution, dot matrix graphics printer. 


PRINT SPOOLER 

Stores and prints up to eight pages of summary. 
Operator never waits to perform other computer 
functions. 


OTHER FEATURES 
= Fully programmable with optional floppy disk drive 
and software. 


= Modular software upgrades on floppy disks will be 
available. 


s Off-line video and hard copy capability 

a On-line real time capability. 

a Video archiving. 

a Compatible with all video ultrasound systems, 
= Portable and compact. 

= Rugged, reliable, solid state components. 


If youd like to know more about what the Franklin 
Quantic 1200 can do for you, send us the coupon at 
the left. Or call us in Seattle at (206) 367-2920, 


FRANKLIN 


We make it possible. 












- Electrophysiologic Mechanism of Exercise-Induced 





Sustained Ventricular Tachycardia 


Y J. SUNG, MD, EDWARD N. SHEN, MD, FRED MORADY, MD, 
M.  SCHEINMAN, MD, DAVID HESS, MD, and ELIAS H. BOTVINICK, MD 





To elucidate electrophysiologic mechanism of ex- 
_ ercise-induced ventricular tachycardia (VT), elec- 
Bg trophysiologic studies were performed in 12 patients 
in whom sustained VT had developed during tread- 
mill exercise testing. Six patients had arterioscle- 
-— rotic coronary heart disease, 3 had cardiomyopathy, 
and 3 had no clinical evidence of organic heart 
disease. All patients had had documented episodes 
of sustained VT related to exertion and had experi- 

nced dizziness, syncope, or both. In addition, 3 
atients had had nonfatal cardiac arrest. Electro- 
physiologic studies provoked paroxysms of sus- 
ined VT identical to those observed during tread- 
mill exercise testing in 10 patients and provoked 
ventricular flutter/fibrillation in 1. Seven patients had 
< -VT suggestive of a reentrant mechanism, as the VT 
a could be readily initiated with programmed ven- 








In 1927, Bourne! suggested the use of exercise in ex- 
posing ventricular arrhythmias, particularly in patients 
with arteriosclerotic coronary heart disease. In 1932 
















duced by exertion in patients without clinical evidence 
of organic heart disease. Several clinical investigators?! 
subsequently demonstrated that exercise stress testing 
ay provoke ventricular arrhythmias in normal subjects 


ing heart rate, enhanced sympathetic nervous 
increased catecholamine secretion, and de- 

nt of myocardial ischemia have been implicated 
uting factors, the mechanism by which exer- 


om sustained VT developed during tread- 










~ mill exercise tasting. we performed electrophy 
_ studies to delineate the underlying « electrophy 


Wilson et al? described a form of paroxysmal VT in- ; 


as ` well as in those with cardiac disease. Although : 
-circulatory collapse) during multistaged graded-tread, 


patients because electrophysiologic studies are more like 


ventricular arrhythmias occur remains - 
tood. In the course of evaluating 12 pa- 





he ne Dion of: Cardiology, Department of Medicine, and the 


is R Fund 35835, University of California, San UPEAA Cali- 
inuscript received duly 1, 1982; revised lana received 








= trapolar electrode catheter was also introduced from the r 
_ femoral vein and placed in ‘the high right atrium for pre 

SS grammed atrial stimulation or placed i in the right ventricle for 
oe programmed. right ventricular ettnulation, Electr 





tricular extrastimulation or terminated by \ v 
overdrive pacing, or both. Three patients t 
suggestive of catecholamine-sensitive automa 

The VT could not be initiated with program 
electrical stimulation, but it could be provoked 
intravenous isoproterenol infusion; furthermore, 
VT could not be terminated with ventricular over 
drive pacing, but it could be abolished by discon 
tinuing isoproterenol infusion. Reproduction of 
in these 10 patients allowed serial pharmacologi 
testing in selecting an effective antiarrh 
regimen. Thus (1) exercise-induced VT oe 
caused by either reentry or cathecholamine- 
sitive automaticity, and (2) electrophysiologi 
studies are of use in defining the underlying me: 
anism of exercise-induced sustained VT. 
























sustained VT can be caused either by reentr 
catecholamine: sensitive automaticity. 


Methods 


Study patients: The study population consisted 
tients who had sustained VT (lasting >30 seconds or r 
pharmacologic or electrical intervention, or both, bec 


stress testing using the Bruce protocol.'? We selected 


reproduce the arrhythmia in-patients with sustained than 
those with nonsustained VT.13 Nine patients had complete 
cardiac. catheterization and coronary angiography before. 
admission. 

Electrophysiologic. study: Before the study,’ ant 





“rhythmic drugs were withheld for over 5 half-lives, The study 


was performed with patients in a postabsorptive, nonsedated 
state. With the conventional method," a tetrapolar electrode 
catheter was introduced from the right femoral vein. and, 
under fluoroscopy, placed in the right atrium across the tri- 
cuspid valve to record the His bundle potential. Another te- 












phic leads Vi Land I were smulianeoully displayed’ with 
ntracardiac electrograms on a multichannel oscilloscope 
Electronics for Medicine, VR-12, White Plains, New York), 
d recordings were made at a paper speed of 50.to 100 mm/s 
sing filter frequency settings of 30 to 500 Hz. 
programmed. digital stimulator (Bloom & Associates, 
arberth, Pennsylvania) was used to deliver electrical im- 
ses of 2.0 ms duration at approximately. twice diastolic 
reshold. Programmed electrical stimulation consisted of 
icremental pacing and extrastimulation, and was per- 
yrmed in the right atrium, right ventricle (apex and outflow 
ct), and, if necessary, in the left ventricle by way of a bipolar 
lectrode catheter placed in the left ventricular apex through 
e right femoral artery. During programmed ventricular 
xtrastimulation, the ventricle was paced at 2 cycle lengths 
isually 500 and 400 ms). If a single ventricular extrastimulus 
ailed to elicit VT, timed double or triple ventricular extra- 
imuli were delivered until the arrhythmia was provoked or 
itil all extrastimuli failed to evoke ventricular responses. 
f programmed electrical stimulation could not initiate VT, 
yroterénol was infused intravenously at a rate of 1 to 4 
g/min until the sinus rate was accelerated to a maximum of 
0 beats/min. If intravenous infusion of isoproterenol alone 
not provoke an onset of VT, programmed electrical 
imulation was repeated during isoproterenol infusion.!® 
After initiation of a sustained paroxysm of VT, timed 
ntricular premature stimuli, short bursts of rapid (over- 
fe) ventricular pacing, or both, were delivered to terminate 



































Classification of mechanisms of VT: Mechanisms of VT 
ean be only presumptive during electrophysiologic studies in 
umans:!” The 3 major ones are reentry, abnormal automa- 
icity, and triggered activity. VT of a reentrant mechanism 
‘suggested by the ability to initiate the VT with ventricular 
ctrastimulation, or terminate the VT with ventricular ex- 
trastimulation or ventricular overdrive pacing. VT of auto- 
miaticity is caused by rapid automatic discharge related to 
ontaneous phase 4 depolarization.8 Its presence is sug- 
gested by the fact that it can neither be initiated nor termi- 
nated by programmed electrical stimulation.!’ In contrast, 
iggered activity related to delayed afterdepolarizations!®. 20 
oes not arise spontaneously and is dependent upon previous 
polarizations for its initiation. Clinical electrophysiologic 
udies?!.22 have suggested that this type of VT may be ini- 
ated during sinus rhythm or during atrial or ventricular 
aced rhythm within a critical range of cycle lengths and may. 
e abolished by intravenous infusion of slow channel blockers 
ch as verapamil. 








Clinical observations: There were 9 men and 3 
women aged 18 to 74 years (mean 49). The clinical data. 
are summarized in Table I. Six patients had arterio- 
sclerotic coronary heart disease (5 had prior myocardial 
infarction and 2 had ventricular aneurysm), 3 patients 
had cardiomyopathy (2 dilated and 1 hypertrophic), and 
the remaining 3 patients were judged to have no clini- 
cally recognizable heart disease except for the rhythm 
disturbance. None had prolongation of the Q-T interval. 
All 12 patients had a history of recurrent sustained VT 
that occurred during exertion but not at rest, the du- 
ration of which ranged from 3 months to 5 years. The 
physical activities that precipitated onset of VT in- 
cluded walking, jogging, house cleaning, and playing golf. 


or tennis. All of them had had palpitations, dizziness, 
syncope, or a combination of these. Three patients 


(Cases 2, 8, and 11) also had had nonfatal cardiac arrest, 


presumably due to degeneration of VT to ventricular oy 


fibrillation. 


Before electrophysiologic studies, we analyzed the- i 


onset of sustained VT induced during treadmill exercise 


testing: 1 patient had VT during stage II, 2 patients. _ 


during stage III, 4 patients during stage IV, and 1 pa- 
tient during stage V of the Bruce protocol; in the re- _ 
maining 4 patients VT developed during the recovery: 


period after exercise. None of the 12 patients had chest __ 
pain or exhibited ischemic S-T segment depression _ 

before the onset of VT. Three patients (Cases 1,4,and 
12) received intravenous lidocaine and 2 patients (Cases eae 


2 and 8) required direct-current countershock because _ : 
of hemodynamic deterioration, ee 
The rates of VT ranged from 150 to 210 beats/min. oe 


Seven patients had VT of aright and 5 patients ofa left 


bundle branch block pattern. 


Electrophysiologic studies: Except for 2 patients. _ 
(Cases 6 and 12), we were able to provoke paroxysms of > 


sustained VT with a QRS morphology identical to that __ 

induced with treadmill exercise testing. Based on the 
mode of initiation and termination of the arrhythmia, ey 
we classified the 12 patients into 3 groups: a 


1. Induction of VT suggestive of reentry. In‘7 pa- a 
tients (Cases 1, 2, 4, 8, 9, 10, and 11), the mechanismof __ 


VT was considered due to reentry as the tachycardia 





woke ~ Clinical Observations 





: Duration of 
Type of Symptomatic 
Age (yr) Cardiac VT 
a & Sex Disease (mo) 
abe 74F Coronary (HMI) 6 
2 | 70M Coronary (HMI) 12 
3 18M 0 24 
ee 56M Cardiomyopathy 60 
eos. 52M 0 18 
ae 41M Cardiomyopathy 3 
7 28F Cardiomyopathy 12 
8 58M Coronary (HMI) 24 
an) 32M 0 12: 
10 47M Coronary (HMI) 6 
T1 39F Coronary (HMI) pe 36. 
12 61M Coronary Oe A 





BBB = bundle branch block; HMI = healed myocardial infarction; RP = = recovery. pees TET = 5 treadmill exercise test 


tachyoa 2. 


Stage of TET Rate RSM 


(VT Induction) “ (beats/min) 
i 180 
W 200 
IV 200 
RP 210 
RP 150 
IV 160 
IV 160 
IV 190 
Vv 180 
RP 200 
ni “160 
RP 170 
















| be initiated by progremnoied ventricular extra- 
mulation—6 patients from the right ventricle (2 pa- 
ients with single ventricular extrastimuli, 1 patient with 
uble ventricular extrastimuli, and 3 patients with 
riple ventricular extrastimuli) and 1 patient from the 
eft ventricle with double ventricular extrastimuli. One 
nple to illustrate provocation of the same tachy- 

a with exercise and with ventricular extrastimu- 

in Figures 1 to 3. The VT so induced 

inated by ventricular overdrive pacing in 

nd by direct-current countershock because 


of sirculitory ilapi i in 18 patients (Cases 2, 4an 


2. Induction of VT suggestive of catecholamine- 
sensitive automaticity. In 3 patients (Cases 3, 5, and 7 
the mechanism of VT was judged due to automatici 
because the tachycardia could not be initiated with 
programmed electrical stimulation. In each instance 
VT was provoked by isoproterenol infusion at a dose of 
2 to 4 ug/min. Furthermore, VT could not be terminatec 
with timed ventricular extrastimuli or ventricul 
erdrive pacing; however, it could be abolished b: 


Recovery 2min. 


FIGURE 1; Onset of sustained VT dur- 
the recovery period after a treadmill 
ji esting in a 47-year-old man 

iosclerotic heart disease. The 
mill test was negative for myo- 
shemia up to a heart rate of 
/min. Tracings A and B are 

us: and electrocardiographic 

s and aVF were simultaneously 

. Multiform ventricular extra- 
appear at 2 minutes into the 
iod and are followed by an 

of sustained VT at a rate of 200 





Same patient as in Figure 1. 
veen 12-lead electro- 
; during normal sinus . 













































































ntinuing isoproterenol infusion. One example to il- 

trate provocation of the same tachycardia with ex- 
rcise and with isoproterenol infusion is shown in Fig- 
res 4 to6. 

3. Failure to reproduce VT. In 2 patients (Cases 6 
and 12) exercise-induced VT could not be reproduced 
during electrophysiologic studies. In 1 (Case 12), pro- 
grammed right ventricular stimulation provoked ven- 
cular flutter-fibrillation necessitating direct-current 
ountershock. The mechanism of exercise-induced VT 
ould not be classified in this patient. In the remaining 
tient (Case 6), programmed electrical stimulation and 
proterenol infusion failed to induce ventricular ar- 
hythmia. The mechanism of exercise-induced VT was 
resumed to be due to automaticity. 

_ Pharmacologic testing and subsequent follow-up: 
n3 of the 7 patients with VT suggestive of reentry, 
propranolol was first administered intravenously (0.15 
0 0.20 mg/kg) and failed to suppress the inducibility 
the arrhythmia. Subsequently, 2 of these 3 patients 
ponded to intravenous infusion of procainamide (15 
20 mg/kg). In the remaining 4 patients, 2 responded 
o intravenous infusion of procainamide and 2 did not. 
Werall, 4 patients (Cases 1, 9, 10, and 11) responded to 
ntravenous infusion of procainmide and were treated 
ith oral procainamide (2 to 6 g/day). The 3 patients 
Vases 2, 4, and.8) who did not respond to intravenous 
rocainamide were subsequently treated with oral 
miodarone (400 to 600 mg/day) since the arrhythmia 
yas refractory to other antiarrhythmic drugs. In a fol- 
low-up period of 5 months to 2 years (mean 14 + 3 
onths), 3 patients (Cases 1, 9, and 10) required read- 
ustment of medications because of recurrence of 
symptoms, but all were clinically improved. 

In the 3 patients with VT suggestive of catechol- 
mine-sensitive automaticity, intravenous infusion of 
ropranolol (0.15 to 0.20 mg/kg) prevented.acceleration 
_ of the sinus rate beyond 100 beats/min and suppressed 
inducibility of VT during isoproterenol infusion in all 
- 3 patients. They were subsequently treated with oral 
adolol (120 to 320 mg/day). During a follow-up period 














































" of 6 to 15 months ean 8 + 2), 1 patient 


500 23 Z 340 








ise 5) ren 
quired addition of oral procainamide (2g/day) tocon- 
trol exertion-induced palpitations and the remaining 
2 patients remained free of symptoms. 
Amiodarone was given to the 2 patients in whom 7 
electrophysiologic studies failed to reproduce the ar- 
rhythmia because of a history of failure to respond to 
conventional drugs. These 2 patients did well without 
recurrence of symptoms during a follow-up period of 4 
and 7 months, respectively. 


Discussion 


Observations made in the present study indicate that. 
electrophysiologic studies can reproduce exercise-in- 
duced sustained VT in 10 of the 12 patients, and that 
the occurrence of exercise-induced sustained VT can 
be caused either by reentry or by catecholamine-sen- 
sitive automaticity. ES 

Mechanism of exercise-induced ventricular ar- 
rhythmias: Several clinical studies+>’75 have demon- 
strated that ventricular arrhythmias may be heralded =~ 
by ischemic S-T segment depression or angina pectoris, = 
particularly in patients with arteriosclerotic coronary 
heart disease. Development of ischemic S-T segment .. 
depression, angina pectoris, or both usually diminishes __ 
the duration of exercise and thereby decreases the de- 
gree of myocardial stress preventing provocation of 
ventricular arrhythmias. Several investigators® * have 
noted that exercise-induced ventricular arrhythmias __ 
often occur in the absence of ischemic S-T segment 
depression or angina pectoris. It is postulated that. en- 
hanced sympathetic nervous activity or increased se- 
cretion of catecholamines may alter electrophysiologice __ 
properties of the ventricular myocardium or the sub- 
endocardial Purkinje network, thereby enhancing au- — 
tomaticity or favoring the occurrence of reentry, Or 
both.” Although myocardial ischemia cannot be com- 
pletely excluded without perfusion scintigraphy, the 
results of our study confirmed that. either reentry or. 
catecholamine-sensitive automaticity may cause exer- 
cise-induced sustained VT. a 

































FIGURE 3. Same patient as in 
1 and 2. Initiation of sustair 


corded with the His’ bundl 
graphic. lead (HBE). Right femor: 
terial/pressure is recorded at the bot: 
tom. During right ventricular pacing 
a cycle length (S,-S,). of 500 
ventricular premature beat {Sp} Vv 
premature coupling interval: (81-82) o 
230 ms initiates an onset of VT with a 
cycle length of 340 ms: Note that the . 
QRS morphology of the VT is identical < 
to that induced during treadmill exercise 


















testing (Fig. 2). The VT could be termi- : 
inated by overdrive suppression (not ; 
: shown). As = atrial electrogram. 















= 4. Onset of sustained VT at 1.1 
O stage IV ofa treadmill ex- 
g in an 18-year-old man. 
fidence of organic 

nus rate is accel- 


ographic: leads V Vs and aVE 
aneously recorded. 





JRE 5. Same patient as in Figure 4. Comparison 

n 12-lead electrocardiogram taken during 
yythm (A) and that taken during exercise-in- 

uced VT (B) as demonstrated in Figure 4. Note that 
has a predominantly negative QRS deflection 

1 and |, and a positive QRS deflection in lead 














Isoproterenol 
420 


me patient as in F iĝures. ` 
ilure of programmed 
ulation: to. induce ar- 
erenol’ infusion. at 4 
Bo: the: sinus rate 
0 


ained: VT: with a cycle 
ns. Electrocardiographic 
All, His bundle electro- 
(HBE), and right ventricular 
(RV) are simultaneously 
gh femoral arterial pros- 





> = His bundle 



















































ns has been raised as a possible mechanism of ex- 
cise-induced VT.24 Based on our recent study,22 we 
elieve that VT caused by such a mechanism has certain 
lectrophysiologic characteristics: (1) its onset depends 
_ onacritical range of cycle lengths; therefore, it may or 
may not require exercise to induce the arrhythmia; (2) 
it can be initiated during sinus, atrial, or ventricular 
paced rhythm within the critical range of cycle lengths; 
3) it is more easily triggered with pacing the atrium or 
ventricle for several beats than with single extrastimuli; 
) the interval between the first beat of tachycardia and 
the last sinus or paced beat (QRS complex) gradually 
ecreases as the sinus or paced cycle length progres- 
sively shortens; and (5) its initiation can be prevented 
by intravenous infusion of slow channel blockers such 
_ as verapamil. In the evaluation of patients with exer- 
cise-induced VT, the possibility of having triggered 
ctiv vity as the underlying mechanism should also be 








Treatment of exercise-induced ventricular ar- 
rhythmias: In patients with exercise-induced ventric- 
ular arrhythmias related to myocardial ischemia, 
eatment should be directed toward prevention of the 
development of myocardial ischemia. This includes the 
_ use of nitrates, beta-adrenergic blocking agents, and 
_ slow channel blockers in the presence or absence of 
oronary artery spasm as a contributing factor.” In this 
situation, aortocoronary bypass grafting may be ex- 
_ pected to be useful in abolishing the arrhythmia.2627 
In patients with exercise-induced ventricular ar- 
_rhythmias not related to myocardial ischemia, the 
reatment should, however, be directed toward con- 
_ trolling the underlying mechanism. In this: series, 
_ beta-adrenergic blockade with intravenous propranolol 
‘ailed to suppress inducibility of VT suggestive of a 
reentrant mechanism (3 patients), but was effective in 
preventing induction of VT suggestive of catechol- 
amine-sensitive automaticity (also 3 patients). Overall, 
-amiodarone appeared to be an effective antiarrhythmic 
agent for cases that are refractory to or intolerant of 
conventional drugs (5 patients). We realize that the 
number in each group of patients is small, and further 
_ studies are necessary to define the long-term efficacy 
of various antiarrhythmic agents in the treatment of 
ercise-induced VT. 
Myocardial revascularization is not expected to be 
eful in abolishing ventricular arrhythmias not related 
schemia.”8 Nevertheless, it should be pointed out 
VT caused by reentry or automaticity may be 
rrected by surgical removal of the reentrant pathways 
the automatic focus.” 
linical implications: Observations made in the 
present study have the following important clinical 
mplications: (1) Exercise-induced ventricular ar- 
thythmias may or may not be related. to myocardial 
schemia, and electrophysiologic mechanisms respon- 
sible for these arrhythmias vary among patients. 
Reentry, automaticity, and triggered activity all need 
to be considered. Understanding of the underlying 









































_ pathophysiology allows a more rational approach to the 
_ treatment. 2) In patients with xercise- -induced se 
. t i ; , 





5 ivity related to delayed afterdepolari- e 


: eproduaie the arrhythmia, thereby a 







} owing seria : 


pharmacologic testing for selecting a proper antiar- a 
rhythmic regimen: ‘ 
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Programmed Electrical Stimulation of the Heart i in 


‘oronary Artery Disease 


R R. KOWEY, MD, EDWARD D. FOLLAND, MD, ALFRED F. PARISI, MD, 


BERNARD LOWN, MD 


he induction of ventricular arrhythmia in patients 
with a history of malignant ventricular arrhythmia 
by programmed electrical stimulation (PES) is as- 
iated with a poor prognosis. However, the inci- 
ice and significance of inducible arrhythmia in 
patients with stable coronary artery disease (CAD) 
ho do not have a history of serious arrhythmia are 
nknown. We studied 32 such patients (31 men, 
ean age 55 years) with PES at the time of cardiac 
atheterization. Fourteen patients (Group |) mani- 
sted =3 extraventricular responses when chal- 
nged with 1 to 3 propagated right ventricular ex- 
astimuli during ventricular pacing. Twelve (86 % ) 
se tla had evidence of left ventricular dys- 






















function (LVD), defined by a global ejection fract 
of <50% or regional wall motion abnormalities. T 
remaining 18 patients (Group Il) manifested < 
responses to extrastimulation. Only 4 (22%) 
these 18 had LVD. Proximal 3-vessel CAD was mo 
frequent in Group | patients (10 of 14, 71%) thar 
Group Il (7 of 18, 39%). Only 5 patients (4 f 
Group | and 1 from Group i) demonstrated complex 
arrhythmia during exercise testing or ambulator 
monitoring. The induction of extraventricular r 
sponses during PES may serve as an independent 
marker of electrical instability in the corona 
population and is a much more common finding 
those with LVD. 




























ing the patient at risk for sudden cardiac death 
yf the key problems in contemporary cardiol- 
Patients with CAD have been found to be 
ely susceptible to sudden death, but current 
ods to distinguish those at highest risk are neither 
or sensitive.*° One approach is based on the 
yr premature beat (VPB) hypothesis® and uses 
testing and ambulatory monitoring to expose 
ed grades of ventricular premature depolariza- 
ince about 40% of patients with ischemic heart 
ave advanced grades of VPBs on monitoring 
rcise testing, itis necessary to select from this 
ip the much smaller group of patients who are 
ible to sudden death. This more precise identi- 
on of high-risk patients will require additional 


S has been increasingly useful in the study and 
nt ofr recurrent ventricular arrhythmia. Here- 
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tofore, this method has been largely limited to th 
lection of a therapeutic regimen in symptomat 
tients.9!° Whether PES can be applied to a group | 
patients with CAD who are at risk of sudden death 
order to determine the degree of susceptibility has 
been systematically explored. 
The objective of the present study was to evaluate 
response of patients with stable angina pectoris 
programmed electrical stimulation. We were mos 
terested in establishing whether a relation exists b 
tween the number of responses to PES and markers of 
severity of CAD such as the left ventricular ejection 
fraction, regional wall motion abnormalities, and exte 
of atherosclerotic lesions determined by angiograph 
In addition, we compared the response to extrastim 
lation with the amount of arrhythmia which could 
exposed by exercise testing and ambulatory mol 
toring. 





Methods 


Consenting patients with a history of stable angina p 
who underwent diagnostic cardiac catheterization at the | 
Roxbury Veterans Administration Medical Center were 
cluded in the study. Informed consent was obtained in all cas 
using a form previously approved by the Human Stud 
Committee at the West Roxbury Veterans Administrati 
Medical Center. Patients were excluded if there was (1 
history of a myocardial infarction in the previous 3-mon 
period, (2) a suspicion of significant valvular heart dise 
unstable angina pectoris defined as angina at rest acc 
nied by S-T semmem changes, or r (4) a history of une 











f-lives of the medication withdrawn were allowed to elapse 

ore any testing was performed. 
Exercise testing and ambulatory monitoring: Before 
atheterization all patients underwent exercise treadmill 
sting according to the protocol of Bruce and Doan.!! Each 
atient exercised to fatigue but the test was prematurely 
erminated for severe angina pectoris, claudication, ventric- 
-ular tachycardia, S-T segment elevation, or hypotension, 
: rt rate and blood pressure were continuously monitored 
ng with rhythm, before, during, and after the exercise pe- 


Ambulatory monitoring was carried out within 48 hours of 
heterization using a portable cassette system. A 24-hour 

period.was chosen since it provided the highest yield of ar- 
_rhythmia within the time constraints of the patient’s hospi- 
zation and represented 1 complete diurnal sleep-wake 
le. The recording system allowed simultaneous recording 
2 electrocardiographic leads (V; and V5). An audiovisual 
canning technique was used to review tape records. The ac- 
acy of the interpretation was assessed by a physician who 
ersonally reviewed direct printouts of each grade of VPB. 
or purposes of quantification, VPBs exposed by. either 
nitoring or exercise testing were graded according to the 
owh grading system, wherein Grade 0 = no VPBs; Grade 1 
<30 VPBs/h; Grade 2 = >30 VPBs/h; Grade 3 = multiform 
PBs; Grade 4A = ventricular couplets; Grade 4B = ven- 
icular salvos (23); and Grade 5 = early cycle (R on T) 
PBs.®. 
Cardiac catheterization: Patients were taken to the car- 
iac catheterization laboratory in the postabsorptive state, 
r having received 5 to 10 mg of oral diazepam. A maximum 
f 10. ml of 1% xylocaine was used as the local anesthetic for 
troduction of the catheters using an antecubital or femoral 
pproach. Right heart catheterization was first carried out and 
icluded determinations of right heart chamber pressures, 
monary capillary wedge pressures, and oxygen saturation. 
left heart catheterization was then performed which in- 
led left ventricular angiography and coronary arteriog- 
phy. At the conclusion of the left heart study, all catheters 
withdrawn. In patients found to have a lesion of the left 
n coronary artery of >75% and in those who had severe 
ina pectoris during the catheterization, the procedure was 
ided. A total of 12 patients were thus disqualified. In the 
remainder of the patients, electrophysiologic studies were 
carried out after a waiting period of at least 30 minutes. 
Electrophysiology study: A quadripolar catheter (inter- 
trode distance of 1.0 cm) was introduced directly into the 
cephalic vein or into the femoral vein, using the venous in- 
troducer which was employed during the right heart cathe- 
terization. This pacing catheter was passed directly into the 
apex of the right ventricle. An intraventricular electrogram 
scorded from the proximal 2 poles of the quadripolar 
ogether with standard electrocardiographic leads'l, II, 
Signals were recorded on an Electronics-for-Medicine 
hannel recorder (VR-12). at a paper speed of 25 to 50 
S using a frequency range of 30 to 500 Hz. The distal 2 
s of the quadripolar catheter were used for pacing and 
rammed stimulation. A Lown design cardiac stimulator 
ed, capable of delivering test stimuli of 2 ms duration 
a square wave ‘contour. The unit included a constant 
irrent operational power supply with a 2% accuracy, and a 
timing accuracy of +3 ms..This unit included a ventricular 
demand pacemaker adjusted to deliver rectangular pulses of 





































"beats/min greater than the intrinsic heart rate. Pacing current 





n. Bach patient was paced at a rate which 











used was the lowest amount. necessary to achieve consistent 
ventricular capture. a 

The mid-diastolic threshold was determined by setting the 
first extrastimulus (S2) approximately 400 ms after the pacing 7 
artifact (S7), beyond the inscription of the T wave on the in- 
tracavitary electrocardiogram. So was delivered after 8 con- 
secutive ventricular paced beats. After the delivery of the 
extrastimulus, the output of the pacemaker was interrupted 
for 3 seconds to allow for a clear observation of the stimulus 
responses, The current of S2 was set at 0.2 mA and increased > 
in 0.2 mA steps until an extrasystole (V2) was provoked. That = 
current defined the mid-diastolic threshold. 

The protocol used for the extrastimulation testing is dis- 
played in Figure 1. The extrastimulus (Sy) was initially set at © 
twice the mid-diastolic threshold, 400 ms after the pacing — 
artifact. Sy was then delivered progressively earlier in the” 
cardiac cycle, scanning in 10 ms steps, until the effective re- 
fractory period was reached. If no extra responses were ob- 
served, Sy was reset to thrice mid-diastolic threshold and oo 
scanning toward the refractory period was repeated. If So. 
failed to elicit extraventricular responses, it was set at a point _ 

10 ms outside the effective refractory period at an intensity 
equal to twice mid-diastolic threshold. A second extrastimulus €77 
(S3) was then added 400 ms after So, at twice and thrice its 3 
mid-diastolic threshold, and scanning in 10 ms increments 
toward Sy was carried out for each stimulus intensity. Agäin, 
if no repetitive forms were elicited, a third stimulus (Sq) was = A 
similarly introduced. The end point of testing was the'intro- ee 
duction of 3 extrastimuli, the third delivered at thrice the -— 
mid-diastolic threshold, or the provocation of =3 extraven- 
tricular responses to any test sequence. All stimulation se- es 
quences which provoked extraventricular responses were ré: 
peated unless sustained ventricular arrhythmia was induced. 
A response was considered present only if it was observed in 
2 of 3 stimulation sequences. His bundle recordings werenot o= 
obtained. However, electrocardiograms were scrutinized and 
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FIGURE 1. Protocol used for extrastimulation testing. Closed circles, 


- @ffective refractory period;. arrows, scanning in 10 ms decrements 
toward refractory period. MOT = mid-diastolic threshold. 
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ica Characteristics « ot the Study Population 
l Group l Group Il 
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a * New York Heart Association classification. 
i ot 'p <0.01. 








“an assessment. made of whether the responses elicited were 

due to bundle branch reentry or. intraventricular reentry. 

Sriteria for bundle branch reentry were those used by Greene 

al!? and included delay between the ventricular premature 

timulus and the extra beat and a QRS morphology similar 
the paced complex. 

lysis of data: Results of exercise testing, ambulatory 

ring, and.cardiac catheterization were analyzed by 2 

sardiologists who were blinded to the results of electrophys- 

testing. In addition: to quantification of ventricular 

hmia, each exercise test was scrutinized for evidence 

ischemic electrocardiographic response, exercise duration, 

and indexes of exercise effort; including peak heart rate 

whieved and functional aerobic impairment. Catheterization 

s lts cluded the number of coronary vessels involved with 

srosclerotic lesions, together with an assessment of the 

mity and severity of each lesion. A lesion was considered 

ficant. if >75% of luminal diameter was obstructed. 

n traction was determined using single plane left 

lar angiography in a right anterior oblique projection. 

ic and diastolic volumes’ were calculated utilizing 

rd area-length equations. Cineangiograms were 

rutinized for evidence of regional wall motion ab- 

using the area method. Segmental ejection frac- 

termined for each of 5 major regions of the ven- 

jection fraction of each region was calculated as 

e between the diastolic and systolic regional areas 

y the diastolic regional area, A segmental ejection 

was deemed abnormal if it fell below the 97% confi- 

terval defined by a group of 17 normal patients. All 

ven in text represent mean + standard error of the 


tical analysis of the data was performed using an 
| Students t test wherein differences were considered 
it when p <0.05. 


‘Results 


characteristics: A total of 32 patients 
ipated in the study. There were 31 men and 1 

an; the mean age was 55 years. Patients were di- 
ed into 2 groups based on their response to pro- 
mmed electrical stimulation. Group 1 consisted of 
ents with >3 extraventricular responses to up to 
ntricular stimuli. There were 18 patients in Group 
who had 0 to 2 extra A responses | to 3 stimuli, Table li is 


TABLE 1 Results of Exercise i Testing and Ambulatory 


Monitoring 





Grou | E Group it 





Number 14 

Mean exercise duration (min) 5.5 + 0.9 

Mean peak heart rate 110 + 12 
(%:of maximum (63%) 
predicted) 

Number. with S-T segment 11 
depression >1mm 


Maximal Grade of Arrhythmia. 
by Exercise Testing 


10 
2 
0 
2 
0 





Maximal Grade.of Arrhythmia 
by 24-Hour Ambulatory Monitoring 











a summary of the clinical information for each grou 
The mean age, angina severity, and medications u 
were not significantly different. There was a slig 
greater number of patients in Group H receiving 
adrenergic blocking agents (p = not significant [N 
but the mean daily dose of propranolol taken wa: 
ilar (120 + 10 versus 150 + 8 mg; p = NS). There w 
higher incidence of prior myocardial infarction in Gr 
I patients and more frequent congestive failure. 
The results. of exercise testing and ambulato 
monitoring are shown in Table II. There was nos 
tically significant difference between the 2 grot 
exercise duration or peak heart rate response. Th 
cidence of S-T segment depression of >1 m 
comparable. Five patients manifested Lown Grade 
4 arrhythmia during either exercise testing or amb 
tory monitoring.. 2 
Electrophysiologic testing: There was no s 
cant difference between the 2 groups in either the me: 
cycle length used during ventricular pacing (750. 
ms versus 800 + 12 ms) or in mid-diastolic threshold 
Se (0.8. + 0.1 versus 0.9 + 0.2 mA). The threshold curre: 
for ventricular pacing (S;) was <2 mA in all case T 
results of electrophysiologic testing are presen : 
Figure 2, Five patients in Group II manifested no e 
responses, 8 had 1 extra response, and 5 had 2 respot 
Of these 18 Group II patients, 14 had a global ejec 
fraction of >50%, including only 1 who displayer 
abnormality of wall motion on left ventricular angic 
raphy. Eleven of the 14 patients in Group I were shos 
to have an ejection fraction of <50% (p <0.01 compa: 
with Group II). One of the 3 patients with a gl 
ejection fraction of >50% had inferior wall It hypo ‘ 
nesia. > 
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NUMBER OF VENTRICULAR. RESPONSES 
IGURE 2. Number of extraventricular responses provoked during 
lectrophysiologic testing correlated with global ejection fraction. 
arentheses indicate the number of stimuli used in each Group | patient. 
sterisks denote the presence of regional wall motion abnormalities 
patients with global ejection fraction >50%, Open and closed circles 
note whether responses resemble bundle branch or intraventricular 
anty, respectively. 





The number of extrastimuli required to elicit 23 re- 
ponses in Group I patients. is shown in parentheses in 
igure 2. Although 2 of the patients had >6 responses 
uced with but 1 stimulus, there was no apparent 
relation between severity of ventricular dysfunction 
ease of provocation of extra responses. There was 
no relation between the severity of dysfunction and 
number of responses elicited. More than 6 responses 
e observed in.6 patients who had global ejection 
ons from 28 to. 52%. One patient in the series had. 
xpected ventricular tachycardia which accelerated 
equired immediate cardioversion. The remainder 
episodes of ventricular tachycardia were self- 
or broken by deep cough. Also shown in Figure 
esignation of whether responses resembled 
branch or intraventricular reentry. Eleven of the 
patients with 1 or 2 responses manifested bundle 
h reentry while all multiple responses of 23 ap- 
to represent intraventricular reentry. 
rdiac catheterization: Fourteen of the 18 Group 
atients had no regional wall motion abnormalities, 





ormal wall motion. pattern shown on angiography 
rable 1D. Eight Group patie j ( 


in. many cases, for a precise assessment of risk, 
_ the ventricle appears to be capable of uncoy 


to a high-risk population, free of symptomati 


| contrast to Group I patients, of whom only 2 had a. x cardiac death. Hamer et al!® also found | a pies 



























TABLE IN Card 











Number 14 BUG gg Og 
7248" — 





End-diastolic volume (ml/M?) 86 + 10 : 
End-diastolic pressure (mm Hg) 153 wx+2* a 
Number of regions with wall “he 
motion abnormalities er 
2 14t 
1 3 2 
2 4 1 
3 2 1 
4 3 0 
Number of vessels with severe 
(>75 %).proximal stenosis 
1 2 6 
2 2 5 
3 10 7 
* p <0.05 
t p <0.001 








abnormalities manifested hypokinesia of the anterior. : 
and apical segments. The remaining 3 patients hada 
pattern of diffuse hypokinesia. Akinetic or dyskinetic eR 
regions were observed in 3 patients, all of whom werein = 
Group I (one with 4 responses and 2 with >6 responses). 
There was also a lower left ventricular end-diastolic 
pressure and end-diastolic volume in Group II patients ee 
compared with Group I. a 
The results of coronary arteriography are also. dis- ee 
played in Table III. There was a slightly higher fre- __ 
quency of severe (>75% stenosis) 3-vessel coronary 
disease in the inducible Group I patients and a greater’ 
incidence of 1- or 2-vessel disease in the noninducible 
Group II patients, but the differences were not statis- 
tically significant. There was also no significant differ- 
ence in the state of collaterals vessels and quality of 
distal vasculature between the 2 groups. 































Discussion 


Techniques routinely used to define coronary anat- 
omy and left ventricular function permit only general 
conclusions regarding the patient’s propensity t 
suddenly. Furthermore, methods commonly employed 
to expose ventricular premature depolarizations, such 
as exercise testing and ambulatory monitori 
well as general screening methods but cannot 


electrophysiologic lesion that predates the deve 
of ventricular fibrillation. The bulk of expe: 
this technique, however, has focused on tho: 
who have had symptomatic arrhythmia and 
used for the selection of an effective therape 1 
men. There have been few previous studies whic. 
specifically examined the application of these method: 





rhythmia."*-!5 Greene et al!> studied patients wit: 
recent myocardial infarction and found that the elici 
tation of repetitive responses was predictive of futur 
















rammed stimulation. In a ‘population of patients with 
rt disease of several types, Gomes et al!’ found that 
repetitive responses, even those caused by local reentry, 
were not a reliable predictor of sudden death. Naccarelli 
st al!® also found a low predictive accuracy of repetitive 
responses in a mixed population. 
_ The purpose of the present study was to apply ven- 
ular stimulation techniques in a group of patients, 
having stable coronary disease, in order to define the 
ce of inducible arrhythmia in this particular 
tion. We found that nearly 40% of the patients 
manifested 28 extraventricular responses tol 
y stimuli. This incidence of inducibility is similar to 
that obtained in patients studied after myocardial in- 
farction!5!6 but greater than that observed in other 
studies of patients free of symptomatic ventricular ar- 
rhythmia.!®?0 The differences in yield are difficult to 
terpret given the diversity in testing protocols and end 
points. For example, we used a regimen of cardiac 
testing which consisted of 1 to 3 ventricular stimuli 
delivered during ventricular pacing. This type of pro- 
tocol consistently provokes the greatest number of extra 
esponses in patients with a history of ventricular 
achycardia, when compared with other regimens which 
employ single ventricular stimuli delivered during atrial 
‘ive or sinus rhythm.?!.? Tn any case, the similar rates 
of inducibility inour study and previous postinfarction 
studies suggest that a myocardial infarction renders the 
art more susceptible to extrastimulation. The fact 
iat there was no correlation between extent of LVD, 
efined by global ejection fraction, and the number of 
responses provoked suggests that the presence rather 
ithe extent. of infarct renders the ventricle unstable. 
s general association between presence of LVD and 
rical instability is in agreement with a previous 
by Josephson et al? who showed a higher rate of 
ility in patients who suffered a cardiac arrest and 
dence of LVD compared with those victims with 
ft ventricular function,” 
re unable to demonstrate a relation between 
ent of CAD and the inducibility of arrhythmia, 
ugh there was a trend toward a greater frequency 
sle-vessel disease in noninducible patients and 
| involvement: in those who were inducible. 
fore, the extent of CAD may not influence the 
ptibility of the ventricle to electrical stimulation. 
of larger numbers of patients with varying 
ounts of atherosclerotic disease will be required to 
er this question. 
ability to induce ventricular arrhythmia by 
med stimulation did not correlate with detec- 
mplex ventricular ectopic activity by exercise 
ambulatory monitoring. In fact, only 5 of the 
snts manifested either Grade 3 or 4 arrhythmia 
er method. It is clear that the disclosure of 
lex ventricular arrhythmia indicates an increased 
f sudden cardiac death.24 However, as with any 
ning measure, absence of ventricular arrhythmia 
individual patient may not obviate that risk and 
nsitive, albeit invasive, techniques may be in- 
Programmed stimulation does appear to pro- 
e a more sensitive measure of electrical stability in 


























































: Howe ver, there was a wide spectrum of indu ble 





a populktiorioi of patients ‘with stable CAD. Its specificity 
and predictive accuracy have yet to be determined. 

Limitations of the study: Our study was conduct 
after left ventricular angiography and coronary arte: 
ography. It is conceivable that radiographic contre 
material rendered the ventricle more susceptible to 
electrical stimulation. This is unlikely since'elect 
testing was performed after a 30-minute respite wh 
electrocardiogram, blood pressure, and heart rate h 
returned to baseline values. 

Patients were studied while continuing cardioacti 
medication, including digitalis, nitrates, and propra 
olol. This constitutes a problem since these drugs, 
particular beta-blocking agents, may alter inducibil 
by reducing myocardial ischemia or by a primary an 
arrhythmic effect. There was no statistically significan 
difference between inducible and noninducible grou 
in the number of patients receiving these drugs nor 
the dose used. Furthermore, there was no intergroup 
difference in exercise duration,: peak rate achiev 
during exercise, number of patients with S-T segmen 
depression, or grade of arrhythmia provoked with e 
ercise or detected by ambulatory monitoring. T 
similarities in clinical data in inducible and nonind 
cible patients suggest that the results were not signi 
cantly influenced by continuation of cardiac drug: 

The electrophysiologic mechanism of the respons 
elicited in our. patients was not fully elucidated. } 
chose not to employ His bundle recordings, since to do 
so would have added to the complexity and length of t 
procedure. His recordings are of obvious importan: 
differentiating reentry within the His-Purkinje systen 
(macroreentry), a response observed in some norm 
subjects, from reentry within the ventricle (mi 
reentry), which is felt to be a precursor of sustaine: 
arrhythmia.25-6 The end point. of testing in our study 
was the elicitation of =3 ventricular responses. This e 
point was chosen. because reentry within the His- 
kinje system is rarely if ever sustained for >2 beats.’ 
Greene et al!? have pointed out that microreentry 
frequently the mechanism of 1 and 2 beat responses 
patients with a history of serious arrhythmia. In fa 
all responses which persisted for 23 beats appe 
represent intraventricular reentry using the less pr 
method of assessing mechanism by timing of the re 
sponse and QRS morphology. 

Finally, no long-term information is available fr 
this study since nearly all of the patients eventu 
underwent coronary artery bypass surgery. Reva 
larization procedures have been found to have var 
effects on the inducibility of ventricular arrhyth 
Therefore, conclusions regarding the specifici 
predictive accuracy of PES in a stable coronary 
lation will await studies which provide more co 
hensive follow-up information in patients who do 
undergo coronary surgery, or who are studied after re 
vascularization procedures. 

Conclusion: This study suggests that techniques 
PES may be safely applied in patients with CAD. A 
group, patients with LVD tended to have more induci 
ble arrhythmia than those with normal ventricle 



































































1 n; thus the response of any individual patient 

not be predicted by routine markers of CAD se- 

y, such as extent of atherosclerotic lesions. Fur- 

irmore, most of the inducible patients did not man- 

st high-grade ventricular ectopy during exercise 

ssting or ambulatory monitoring. The significance of 

rovocable arrhythmia in asymptomatic coronary pa- 

nts is presently unknown and will only be determined 

in a long-term study of their outcome. However, if 

1 aracterization of the response to PES proves to be a 

er of the risk of sudden death, these techniques 

should be integrated into the invasive evaluation of the 
patient with CAD. 
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Now there’s a new generation of 


Quik-Prep™ electrodes: QP?. It has 

a new square shape. And a new lower 
price. But one thing’s still the same: 
with QP?, you'll get stable baselines 
test after test. 


The key to 
better ECG traces. 











Unprepped skin, 
Bruce Test Stage (4.2 MPH, 16% Grade) 





o 


Quik-Prepped Skin, 
Bruce Test Stage 4 (4.2 MPH, 16% Grade) 


` The two'traces pictured here 


` were taken from the same patient, the 





same day, using the same equipment. 
The difference? Quik-Prep’s patented 
skin preparation system. The Quik- 
Prep applicator, when used in con- 
junction with a new QP? electrode, 

recisely measures the electrical 
impedance of the skin/electrode 
combination. It provides exactly the 
amount of skin preparation needed to 
insure a stable baseline. No more. ` 
No less. 

Improved adhesion 
and conductivity. 
Quik-Prep set the standard for 

electrode accuracy and dependability. 
Now it’s even better. Quinton 
engineers redesigned the snap and 
the silver-silver chloride electrode to 





QUINTON’S NEW 
QP? ELECTRODE. 


insure a more solid connection and 
improved electrical characteristics. 
And because new QP? is square, it 
offers more surface adhesion. 


Designed to be 
affordable. 

New QP? is priced significantly 
lower than the original Quik-Pre 
electrode. That makes it affordable 
for a wide variety of uses from stress 
testing to Holter monitoring to criti- 
cal care areas—any situation where 

atient movement can affect ECG 

aselines. And because it’s faster than 
traditional prepping techniques, 
you'll save valuable technician time 
every test. 

Discover the square root of a sta- 
ble baseline. For a demonstration of 


QP?, call Quinton tollfree at 


1-800-426-0347 or write us at 2121 
Terry Ave., Seattle, WA 98121. 
Distributed worldwide. 


Quinton 


instrument co. 








‘icker International is 
1e source for 


/ing a single source dedicated to 
ing all of your cardiography 
(uipment needs can save time in your 
cision making process. 
And, a single source for your service 
and supply needs can save you time 
after your purchase, as well. 
is three channel ECG with its 
tile interactive memory is just one 
xciting new products available 
ur Cambridge Medical 
ments Group. Others include 


automatic and manual single channel © 
ECG’s; conventional and computer 
assisted stress test systems; ambulatory 
and telemetry monitoring systems; and | 
the first truly portable ultrasound 
system. 

We'd like to tell you more about our 
cardiography systems. Please write 
Picker International, Inc., 

73 Spring St., Ossining, NY 10562; 
Telephone 914/941- 8100 
or Telex 137337. 





Burroughs Wellcome announces — 


An oral digoxin with 
enhanced bioavailabili 





e enhanced digoxin absorption from LANOXICAPS” compared to cables: anc 
ir is ass ciated with reduced between-patient and within- atient variabili y 
e serum concentrations. ; , 


eoe Comparison of bioavailability and equivalent doses 
Product | oat Bioavailability ps Equivalent Doses (in MC)” © 
T “Lanoxin® Tablet me | 
“Lanoxin® Elixir | 70-85% 
: Lanoxin® Injection/IM 
: noxin® Injection/IV 


D Capsulės = 90-100% 


switched from it intravenous to oral thera 
digo n from ipoacips recommended Also, consider Lanoxicaps for all you : 
mses. are 80% of those for tablets, elixir, diagnosed patients. e 
Colors of Lanoxicaps are distinctive o 
less confusion or misidentification by 


pa tien ts. Please see next page for brief summary of prescribing information 


_ (digoxin solution in capsules) 


50 ug (0.05 mg) I.D. Imprint A2C (red) 
100 yg (0.1 mg) 1.D. Imprint B2C (yellow) 
200 ug (0.2 mg) L.D. Imprint C2C (green) 


LANOXICAPS® shown magnified four times actual size. 


Research Triangle Pa 


Burroughs Wellcome Co co. oy 
North Carolina 27709 ; 








(digoxin solution in capsules) 


ANOXICAPS* brand DIGOXIN 


JLUTION IN.CAPSULES 50 ug (0.05 mg), 100 ug 
|O.mg), and 200 ug (0.20 mg) 
Brief Summary of Prescribing Information 


INDICATIONS AND USAGE 
Heart Failure: The increased cardiac output 
ulting from the inotropic action of digoxin 
eliorates the disturbances characteristic of 
eart failure (venous congestion, edema, dyspnea, 
fhopnea and cardiac asthma). 
Digoxin is more effective in “low output” 
mp) failure than in “high output” heart failure 
secondary to arteriovenous fistula, anemia, 
fection or hyperthyroidism. 
“Digoxin ts usually continued after failure is 
ntrolled; unless some known precipitating factor 
corrected. Studies have shown, however, that 
ven though hemodynamic effects can be demon- 
trated:in almost all patients, corresponding 
mprovement in the signs and symptoms of heart 
jlure is. not necessarily apparent. Therefore, in 
atients in whom digoxin may be difficult to 
regulate, or in whom the risk of toxicity may be 
great (e.g., patients with unstable renal function 
orwhose potassium levels tend to fluctuate) a 
‘autious withdrawal of digoxin may be considered. 
“digoxin is discontinued, the patient should be 
regularly monitored for clinical evidence of 
recurrent heart failure. 
CONTRAINDICATIONS 
igitalis glycosides are contraindicated in 
entricular fibrillation. 
“Any untoward effect requiring permanent 
discontinuation of other digitalis preparations 
suially constitutes a contraindication to digoxin, 
as is hypersensitivity to digoxin itself. Allergy 
to.digoxin, though rare, does occur. it may not 
extend to-all preparations, and another digitalis 
lyeoside may be tried with caution. 
WARNINGS 
The use of digoxin or other digitalis glycosides is 
unwarranted in the treatment of obesity. 
Digoxin invsoft capsules should be administered 
in divided daily doses to minimize any potential 
verse reactions. Where compliance is considered 
roblem, single daily dosing may be appropriate. 
Anorexia, nausea, vomiting, and-arrhythmias 
ay accompany heart failure or may be indications 
‘of digitalis intoxication. Clinical evaluation of 
cause of these symptoms should be attempted 
efore further digitalis administration. 
Patients with renal insufficiency, require smaller 
an usual: maintenance doses. of digoxin (see 
DOSAGE AND ADMINISTRATION section in 
omplete prescribing information). 
eart failure accompanying acute glomerulo- 
ahritis requires extreme care in digitalization. 
Qading and maintenance doses and con- 
litant use of antihypertensive drugs may be 
ecessary. Careful monitoring is essential, Digoxin 
üld be discontinued as soon as possible. 
nts with severe carditis, such as carditis 
ted with rheumatic fever or viral myocarditis, 
specially sensitive to digoxin-induced distur- 
es.of rhythm. 
lewborn infants display considerable variability 
their tolerance to digoxin. Premature and 
mature infants are particularly sensitive, and 
osage must not only be reduced but must be 
vidualized according to their degree of maturity. 
> Digitalis glycosides are an important cause 
accidental poisoning in children. 
RECAUTIONS 
eneral: Digoxin. toxicity develops more frequently 
ind lasts longer in patients with renal impairment 
ause of the decreased excretion of digoxin. 
retore, dosage requirements will be decreased 
patients with moderate to severe renal disease 




































































3 ae DOSAG AND ADMINISTRATION section in £ 





complete prescribing information), More time is 
required to achieve an initial of new steady-state 
concentration in patients with renal impairment 
than in patients with normal renal function 

in patients with hypokalemia, toxicity. may 
occur despite serum digoxin concentrations within 
the “normal range? because potassium depletion 
sensitizes the myocardium to digoxin. Hypokalemia 
may result from diuretic, amphotericin B, or 
corticosteroid therapy, and from dialysis or me- 
chanical suction of gastrointestinal secretions. It 
may also accompany malnutrition, diarrhea, 
prolonged vomiting, old age, and long-standing 
heart failure. In general, rapid changes in serum 
potassium or other electrolytes should be avoided, 
and intravenous treatment with potassium should 
be reserved for special circumstances as described 
below (see Treatment of arrhythmias produced 
by overdasage, in OVERDOSAGE section). 

Calcium, particularly when administered rapidly 
by the intravenous route, may produce serious 
arrhythmias in digitalized patients. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin 
may be ineffective until serum calcium is restored 
to normal. 

Hypomagnesemia may predispose to.digitalis 
toxicity. Hf low magnesium levels are detected 
in a patient on digoxin, replacement therapy 
should be instituted. 

Quinidine causes a rise in serum digoxin 
concentration, with the implication that digitalis 
intoxication may result. This rise appears to be 
proportional to the quinidine dose. Because of 
the considerable variability of this interaction, 
digoxin dosage should be-carefully individualized. 

Patients with acute myocardial infarction 
or severe pulmonary disease may be unusually 
sensitive to digoxin-induced disturbances of 
rhythm. 

Atrial arrhythmias associated with hyper- 
metabolic states (eg, hyperthyroidism) are 
particularly resistant to digoxin treatment, Large 
doses of digoxin are not recommended as the 
only treatment of these arrhythmias and care 
must be taken to avoid toxicity. In hypothyroidism, 
the digoxin requirements are reduced. Digoxin 
responses in patients with compensated thyroid 
disease are narmal. 

Reduction of digoxin dosage may be desirable 
prior to electrical cardioversion to avoid induction 
of ventricular arrhythmias, but the physician 
must consider the consequences of rapid increase 
in ventricular response to atrial fibrillation if 
digoxin is withheld 1 to 2 days prior to cardio- 
version. Hf there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. 
If it is not prudent to delay cardioversion, the 
energy level selected should be minimal at first 
and carefully increased in an attempt to avoid 
precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with 
Stokes-Adams attacks, may progress to advanced 
or complete heart block if digoxin is given. 

In some patients with sinus node disease (i.e. 
sick sinus syndrome), digoxin may worsen sinus 
bradycardia or sinoatrial block. 

In patients with Wolff-Parkinson-White syn- 
drome and atrial fibrillation, digoxin can enhance 
transmission of impulses through the accessory 
pathway. This effect may result in extremely rapid 
ventricular rates and even ventricular fibrillation. 

Digoxin may worsen the outflow obstruction 
in patients with idiopathic hypertrophic subaortic 
stenosis (HSS). Unless cardiac failure is severe, 
itis doubtful whether digoxin should be employed. 

Patients with chronic constrictive pericarditis 
may tail to respond to digoxin. In.addition, slowing 
of the heart rate by digoxin.in.some patients may 
further decrease cardiac’ output: 

Patients with, heart, failure. from i amlaid heart 














disease or constrictive cardiomyopathies respond 
poorly to treatment with digoxin: 

Digoxin is not indicated for the treatment of 
sinus tachycardia unless it is associated with 
heart failure. 

Intramuscular injection of digoxin is extremely 
painful and offers no advantages unless other 
routes of administration are contraindicated, ini 
Drug Interactions: Potassium-depleting cortico- A 
steroids and diuretics may be major contributing 
factors to digitalis toxicity. Calcium, particularly 
if administered rapidly by the intravenous route, 
may produce serious arrhythmias. Quinidine causes © 
a rise in serum digoxin concentration, with the 
implication. that digitalis intoxication may result, 
Antacids, kaolin-pectin, sulfasalazine, neomycin, 
and cholestyramine may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low’ 
serum concentrations. Thyroid administration to. 

a digitalized hypothyroid patient may increase ae 

the dose requirement of digoxin. Concomitant úse = 

of digoxin and sympathomimetics increases the 

risk of cardiac arrhythmias, because both enhance.) 

ectopic pacemaker activity. Succinylcholine. ew 

may cause a sudden extrusion of potassium from. 

muscle cells, and may thereby cause arrhythmias in: 

digitalized patients. Although propranolol and’ 

digoxin may be useful in combination to-control 

atrial fibrillation, their additive effects on AV node 

conduction can result in complete heart block. : 

ADVERSE REACTIONS 

The frequency and severity of adverse reactions 

to digoxin depend on the dose and route of admin- 

istration, as well as on the patient's underlying: 

disease or concomitant therapies (see PRE 

CAUTIONS section). The overall incidence of © 

adverse reactions has been reported as 5% to 2 

with 15% to 20% being considered serious.(1% 
4% of patients receiving digoxin). Cardiac toxicity, 

accounts for about one-halt, gastrointestinal 

disturbances for about one-fourth, and CNS an 

other toxicity for about one-fourth of these: advers 

reactions. 2 

Adults: 

Cardiac -- Unifocal or multiform ventricular 

premature contractions, especially in bigeminal 

or trigeminal patterns, are the most common 

arrhythmias associated with digoxin toxicity in.. 

adults with heart disease. Ventricular tachyéardia: 

may result from digitalis toxicity. Atrioventricular: 
(AV) dissociation, accelerated junctional: (nodal). i 

rhythm, and atrial tachycardia with block are 
also common arrhythmias caused by digori i 

overdosage. : 

Excessive slowing of the pulse is a elit 
of digoxin overdosage. AV block (Wenckebac 
of increasing degree may proceed. to compl $ 
heart block. 

Note: The electrocardiogram is fundaniel 
determining the presence and nature eo i 
cardiac disturbances. 

Gastrointestinal —~ Anorexia, nausea, val 
and, less commonly, diarrhea are comm 
symptoms of overdosage. Uncontrell 
failure may also produce such symptom 

CNS — Visual disturbances (blurred or 
vision), headache, weakness, apathy, and psy 
can occur 

Other- Gynecomastia is occasionally 6 & 
Infants and Children: 
Toxicity differs from the adult in a number: 
respects. Anorexia, nausea, vomiting, diarthea, 
and CNS disturbances may be present hut are ra 
as initial symptoms in infants. Cardiac arrhyt mi 
are more reliable signs of toxicity: Digoxi 
children may, produce any arrhythmia: T 
Eg romaniy, encountered are conductio 



















































hmias are less common. Sinus bradycardia 
o bea sign of impending digoxin intoxi- 
especially in infants, even:in the absence 
gree heart. block, Any arrhythmia or 
teration in cadis a that cee | in 


hould be discontinued until all signs of 
are gone. Discontinuation may be all that 
sary if toxic manifestations are not severe. 
otassium salts are Commonly used, particularly 
hypokalemia is present. Potassium chloride in 
ivided:oral doses. totaling 3 to.6. grams of the 
‘salt (40 to 80 mEq K+) for adults may be given 
rovided renal function is adequate (see below 
T potassium recommendations in infants and 
dren): 
“When correction of the arrhythmia is urgent 
ind the serum potassium concentration is low 
riormal, potassium should be administered 
travenously in 5% dextrose injection. For adults, 
tal of 40 to'80 mEq (diluted to a concentration 
mEq per 500 ml) may be given ata rate not 
O mEq per hour, or slower if limited 
to local irritation. Additional amounts 
piven ifthe arrhythmia is uncontrolled and 
im weil tolerated: ECG monitoring should 
rmed to-watch for any evidence of 
oxicity (e.g., peaking of T waves) and 
rve the effect-on the arrhythmia. The 
may be stopped when the desired effect 
d. 


otaässium should not be used and may 
dangerous i in heart block due:to digoxin unless 
y related to supraventricular tachycardia. 
jer agents that have been used for the 
ment of digoxin intoxication include lidocaine, 
mide, propranolol, and phénytoin, 
use.of the latter must be considered 
.Atvadvanced heart block, temporary 
pacing may be beneficial. 
Idren: 
ection (immediately above).for 
ommendations for the treatment of 
roduced by overdosage and for 
ing the use. of potassium. 
um- preparation is used to treat 
t maybe given orally in divided doses 
10.1.5 mEq K+ per kilogram (kg) body 
gram of potassium chloride contains 


tion of the arrhythmia with potassium 

approximately 0.5 mEq/kg of potassium 

may be given intravenously, with careful 
. The intravenous solution of 

ould be dilute enough to avoid local 
owever, especially in infants, care 

en to avoid intravenous fluid overload. 


‘AND ADMINISTRATION 
dosages arè average values that 
considerable modification because of 


trations associated with once-daily * 
t established, divided daily dosing 


3. patients with a previous history of digitalis 
toxicity; 

4. patients considered likely to become toxic; 

5. patients in whom compliance is notia 
problem. 

Where compliance is considered a problem, 
once-daily dosing may be appropriate. 

Adults: 

Adults: rapid digitalization with a loading dose— 
Peak body digoxin stores of 8 to 12 yug/kg should 
provide therapeutic effect with minimum risk 

of toxicity in most patients with heart failure 

and normal sinus rhythm. Larger stores (10 to 

15 pg/kg) are often required for adequate control 
of ventricular rate in patients with atrial flutter or 
fibrillation. Because of altered digoxin distribution 
and elimination, projected peak body stores for 
patients with renal insufficiency should: be 
conservative (Le, 6 to 10 ug/kg [see PRECAUTIONS 
section). 

The loading dose should be based on the 
projected peak body stores and administered in 
several portions, with roughly half the total given 
as the first dase. Additional fractions of this 
planned total dose may be given at 6- to 8-hour 
intervals, with careful assessment of clinical 
response before each additional dose. > 

If the patient's clinical response necessitates 
a change from the calculated dose of digoxin, 
then calculation of the maintenance dase should 
be based upon the amount actually given. 
Dosage for Previously Undigitalized Patients: 

In previously undigitalized patients, a single initial 
Lanoxicaps dose of 400 to 600 ug (0.4 te 0.6 mg) 
usually produces a detectable effect in.0.5 to 

2 hours that becomes maximal in 2 to & hours. 
Additional doses of 100 to 300 ug (0.1 ta.0.3 mg) 
may be given cautiously at 6- to 8-hour intervals 
until clinical evidence of an adequate effect is 
noted. The usual amount of Lanoxicaps that a 
70-kg patient requires to achieve 8 to 15 pg/kg 
peak body stores is 600 to 1000 ug (0:6 to 1:0 mg). 

Adults: gradual digitalization with a main- 
tenance dose— The following table provides 
average Lanoxicaps daily maintenance dose 
requirements for patients with heart failure based 
upon lean body weight and renal function: 


Digitalizing Dose for Children: 

Usual Digitalizing and Maintenance Dosage: 
Lanoxicaps in Children With Normal Renal: 
Function Based on:Lean Body Weight ©. 





Digitalizing* . Dailyt Maintena: 
Dose (ug/kg) Dose = wet 


jected or actual digitalizing dose providing 
desired clinical jesponse. 


plished by beginning an appropriate mai 
dose.The range-of percentages provided 
can be used in calculating this dose fo 
with normal renal function. In-children wit 
renal disease, digoxin dosing must be c 
titrated based upon desired clinical reg 
Long-term use of digoxin is indicat 
children who have been digital ized for acute 
heart failure, unless the cause is transie 
with severe congenital heart disease, eve’ 
surgery, may Eou Stone for prok è 


Substantial individual variation can be expect 
Accordingly, ultimate dosage selection mus be 
based upon.clinical assessment of the patient: 
HOW SUPPLIED : 
LANOXICAPS (DIGOXIN SOLUTION IN 
CAPSULES), 50 ag (0.05 mg): bottles of 100. 

A2C (red) 

LANOXICAPS (DIGOXIN SOLUTION IN ; 
CAPSULES), 100- ug (0:10 mg}: botti es of A 
Imprint B2C (yellow) 

LANOXICAPS (DIGOXIN SOLUTION IN 
CAPSULES}, 200 pg {0.20 mg)t: bottles: of 100; 
Imprint C2C (green) 


TU.S. Patent No. 4088750 


Usual Lanoxicaps Daily Maintenance Dose Requirements (ug) 
for Estimated Peak Body Stores of 10:ng/kg 





-y 


60/132 70/154 


Lean body weight (ke/lbs) 


80/176 90/198 100/220 





bez ake 50/110 





Corrected Ccr 
(ml/min per 70 kg} 





Example —Based on the above table, a patient 

in heart failure with an estimated lean body weight 
of 70 kg and a Cer of 60 ml/min should be given 
200 ug (0.2 mg) of Lanoxicaps per day, usually 
taken as a 100 ug (0.1 mg) capsule after the 
morning and evening meals. Steady-state serum 
concentrations should not be anticipated before 
Tl days. 





: Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome 


‘North Carolina 27709 





Royal Postgraduate Medical School 


(University of London) 


European and American Cardiology at the Hammersmith 


Presentation and discussion of advances 1983 
6-10, June 1983 


The salient feature of the course will be the panel and general discussion of selected topics, presented as 
mini-symposia, introduced by reviews and presentation of new findings. 


Mini-symposia on: Chairmen: 


Hypertrophic Cardiomyopathy: The Hammersmith Approach 

Controversial: Management of Hypertension ©. Dollery 
Prognosis of IHD with and without Surgery T. Killip 
New Diagnostic Approach to Patients with [HD A. Maseri 
Coronary Spasm: Mechanisms D. Harrison 
“Crescendo” Angina: Ca Antagonists, B-blockers, Nitrates of Surgery D. Julian 


Acute Myocardial Infarction: Fibrinolysis, B-blockers, Antiarrhythmic Drugs P. Hugenholtz `. 


Plan for Treatment in the First Year after MI. 

When and How to Treat Dyslipidaemias 

Valvular Replacement: Which Valve to Choose 

Endocarditis: Management and Prophylaxis 

Nuclear Cardiology: Position Tomography and Ventricular Function 
Sino-atrial and AV Block D. Krikler. ` 
The Surgery of Arrhythmias a H. Bentall . 
When to Operate Mildly Symptomatic Valvular Patients E. Sonnenblick 
Nuclear Magnetic Resonance for Cardiac Studies R. Steiner 


The course will include practical demonstration of routine and research techniques developed or in use at the Hammer- 
smith Hospital for cardiovascular investigations. 


Course organisers: PROFESSOR A. MASERI, PROFESSOR J. F. GOODWIN 
Further details: School Office, Royal Postgraduate Medical School, Hammersmith Hospital, Du Cane Road, London, W12 OHS 
; Tek: 01-743 2030 ext 354 
Fees: Before 31 March 1983: £.120:($200) for home and EEC students 
: £240 ($400) for overseas students 
After 31.March 1983: ` £180. ($300). for home- and EEC students 
Ar £300 ($500) for overseas students 








ONGENITAL HEART DISEASE 


uxtaductal Aortic Coarctation 


sis of 84 Patients Studied Hemodynamically, Anglographically, 


WILLIAM C. ROBERTS, MD 


ough many studies of juxtaductal coarctation of 

the aorta have been reported, none has correlated 
ical, hemodynamic, angiographic, anatomic, and 
perative findings. Of 84 patients (62 male and 22 
; age range, 1 to 49 years [mean 17]), all had 

urs; 76 had absent, diminished, or delayed 
moral pulsations; 50 had cuff systolic blood 
res in the arm > 140 mm Hg, and 30 had di- 

stolic pressures >90 mm Hg. The average pressure 
gradients (mm Hg) by direct measurements above 
below the coarctation in 35 patients were peak 
systolic, 45; mean, 17; and diastolic, 5. Rib notching, 
sible in chest roentgenograms in 43 patients, 
lated directly with age and inversely with the 
meter of the coarctation. Moderate or marked 

d jomegaly by radiograph was present in only 1 

8 nts with isolated coarctation and in 17 of 

ith associated cardiovascular malformations. 
ardiograms were abnormal in more than two 

atients with associated anomalies, but 


reports have described 1 or more features of pa- 
th juxtaductal aortic coarctation, but none has 
ed clinical, hemodynamic, angiographic, oper- 
ive, and detailed anatomic studies in a large number 
ients. This report summarizes such observations 
ts over age 1 year at the time of study. 


Methods 


The diagnosis of aortic coarctation was confirmed 
n of the resected coarctation specimen in 69 
erative examination without resection in 2, by 
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ber 15, 1982, accepted November 15, 1982. 

e Glancy, MD, Di rector of Cardiology, 


were normal in more than three fourths of th 
isolated coarctation. In:.70. excised, serial 
tioned coarctations the aortic lumens wer 


26 patients, from 2.1 to 5 mm in 

4, and correlated directly with 
angiographically. The most si 

factor causing the coarctation was in 

the media from the posterior aortic wa 
proliferation (jet lesion) at and immedia 

to the invagination contributed to the 

Three (each with associated anomalies 

tients died early after coarctation repair. | 
diastolic blood pressures decreased ea 
eratively in 58 (87%) of 67 surviving patie 

both pressures decreased in 42 (63%). Late po: 
operatively (mean follow-up, 47 years), the systoli 
blood pressure remained elevated in 25 % ` 
tienis. 


tributions of the 84 patients are shown in Figure 1. Addition. 
congenital cardiovascular anomalies occurred in 36 patient 
(43%) (Table I). 

Electrocardiograms and. chest rogentgenograms wer 
tained in all 84 patients and aortograms in 52. Direct ar 
pressures were measured above and below the aortic ¢ 
tation in 35. In 72 operatively excised or necropsy ao 
coarctations, the specimens:were serially sectioned 
dinally at6 to 10 um intervals, Every 10th section w: 
with hematoxylin and eosin, and an occasional sectio 
each patient was stained by the Verhoeff-van Gieson | 
for elastic fibers. 


Results 


Morphologic features: In 71 of 72 specimens, th 
coarctation was juxtaductal: The aortic lumen w 
narrowed by elastic. tissue which invaginated from 
posterior wall of the aorta toward the aortic attachmen 
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 62Males, 22 Females 
ET No Associated homalies 
Ml = Associated Anomalies 


NUMBER OF PATIE 
S 


11-15. 16-20 21-30 31-40 41-50 
AGE ~ years 


FIGURE 1. Ages of the 84 patients with juxtaductal aortic coarcta- 
tion: 


usually thicker on its distal than on its proximal side, 
the media of the first several centimeters of aorta 
istal to the coarctation was usually thicker than that 
of the aorta just proximal to the narrowing. Near the 
free margin of the invagination the elastic fibers lost 
heir parallel arrangement. A triangular wedge of fi- 
rous tissue filled the adventitial side of the invagina- 
Lion so that the external aortic narrowing was usually 
light compared with the aortic luminal narrowing. The 
hvagination produced an eccentrically located aortic 
_ lumen. The ligamentum or ductus attached to the an- 
__ terior wall of the aorta and was directed toward the 
_ elastic tissue invaginated from the opposite wall. Small 
spaces filled with acid mucopolysaccharide often sep- 
ated elastic fibers of the aortic media. On the anterior 
ortic wall, opposite the coarctation, these spaces were 
ore prominent proximal to the coarctation. 
ntimal “jet” lesions formed at the free margins and 
n the distal side of the coarctation and frequently 
aused further narrowing of the aortic lumen. Intimal 
alaques containing atheromatous material were less 
common than jet lesions in resected specimens and were 


‘(ABLE | Associated Congenital Cardiovascular 
_. Anomalies in 84 Patients Aged >1 Year With 
Juxtaductal Aortic Coarctation 





Anomaly Number 





Aortic valve dysfunction 14 
` Aortic. stenosis (n = 9) 
Aortic regurgitation (n= = 5) 
Mitral regurgitation 
Patent ductus arteriosus - 
Ventricular septal defect 
iscrete subaortic stenosis 
Complete atrioventricular canal 
“Patent ductus arteriosus + 
: ventricular septal defect 
‘Patent ductus arteriosus + 
».. ventricular septal: defect + 
cons mitral stenosis 
.. Patent ductus arteriosus + 
" scimitar syndrome 
: Ventricular septal defect + 
aortic stenosis 
¿Mitral regurgitation + 
-aortic regurgitation + 
-Marfan’s: syndrome mags 


FIGURE 2. Diagram of isthmic (juxtaductal) aortic coarctation. The 
narrowing is caused by invagination of the elastic tissue media of the 
posterior wall of aorta toward the aortic attachment of the ligament or 
duct. Fibrous tissue, the result of turbulent blood flow, frequently ac-. 


‘cumulates on the intima distal to the invaginated aortic wall. Most blood = 
reaching the aorta distal to the coarctation. does. so through dilated = 


collateral arteries, including large intercostal arteries. Inset: a drawing 
of a cross section of the aorta at the level of the coarctation. PT =" 
pulmonary trunk, ; 


more often proximal to the coarctation. A tubule nar- 
rowing (Tem long) rather than a distinct invagination 
of the aorta occurred in 1 patient. 

The relation of the ductus or ligamentum to he 
coarctation. was determined from serial sections in 63 
of the 72 specimens. Maximal aortic narrowing w 
within 4 mm of the ductus or ligamentum in each: In 41 
(65%), it was distal; in 11 (17.5%), it was directly oppo- 
site; and in 11 (17.5%), it was proximal to the duc s 
ligamentum. 

In 52 of 70 serially sectioned coarctations, the lumi nal 
diameter was <2.0 mm: totally occluded in 4 (6%) ( 
intimal fibrous tissue); <0.5 mm in 22 (31%); 0.6 to 2. 
mm in 26 (37%); 2.1 to 5.0 mm in 14 (20%), and >5. omm 
in 4 (6%). 

Of 11 patients in whom it was examined at necropsy 
or at operation, the aortic valve was bicuspid in 7, tri- 
cuspid in 3 (including 1 that was mildly regurgitant and 
associated with discrete subaortic stenosis) and 


TABLE II Symptoms in Aortic Coarctation n 
Associated Anomal 





Absent (48). 
- (%) 


Headache. 

Epistaxis 

Dizziness 

Fatigue 

Dyspnea 

Chest pain 

Leg discomfort on. exertion 
Frequent: respiratory infections 


¿ Overt congestive cardiac failure 
paitaa ieee 





36 (43%) 
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FIGURE 3. Histologic sections of 6 aortic coarctations from patients aged 3 to 35 years without associated malformations. Proximal (p) aortic lumen 
is to the left; distal (d) lumen is to the right; and the ligamentum arteriosum is below. In each specimen, the invaginated media (darkly staining) of 
the posterior wall of the aorta points toward the ligamentum arteriosum. Thickened intima (lightly staining) just distal to the invaginated V often | 
produces additional aortic obstruction distal to the ligament. The largest luminal diameter (1.1 mm) is in the upper left specimen; the other lumens 
are narrowed to <0.5 mm. Each section has been cut longitudinally, stained by the Verhoeff-van Gieson method, and magnified 5 to 6.5 times (reduced 


6%). 
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commissural in 1 (severely stenotic). Of the bicuspid 
valves, 3 were functionally normal; 2 were calcified and 
stenotic; 2 were incompetent (1 secondary to active 
Histoplasma capsulatum endocarditis and the other 
associated with the Marfan syndrome). 
Preoperative clinical features: Table II lists the 
frequencies of various symptoms in the patients with 
and without associated cardiovascular anomalies. Leg 
discomfort occurred twice as often in patients without 
as in those with associated anomalies. More patients in 
the latter group had mild coarctation, which often was 
discovered during evaluation for other congenital car- 
diovascular anomalies. One or more episodes of overt 
congestive cardiac failure occurred in 15 patients with 
and in none without associated anomalies. Chest pain 
was typical of angina pectoris in only 4 patients, but 2 
of them had aortic stenosis, and a third had discrete 
subaortic stenosis. The fourth patient, who had no other 
congenital anomalies, died from an acute myocardial 
infarct at age 37 years (1 year after resection of the aortic 
coarctation), and at necropsy the right coronary artery 
was completely occluded by atherosclerotic plaque. 
Three patients with isolated aortic coarctation had 
syncope, including 1 who had only a single episode 
during pregnancy. In addition, 1 patient with associated 
valvular aortic stenosis had syncope, and another had 
presyncopal episodes with exertion. Although 1 or more 
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symptoms were present in most patients with aortic 
coarctation, these were seldom limiting when the 
anomaly was isolated. 

Diagnosis in 65% of patients with isolated coarctation 
was made on routine physical examination or chest 
roentgenography. However, in only 2 of 22 adults did 
the initial discovery of a murmur or of systemic hyper- 
tension lead directly to operative treatment. In 17 other 
patients, delays of 10 to 33 years occurred between the 
initial discovery of a murmur or systemic hypertension, 
or both, and the patient’s referral for operation, and in 
all 17 referral was at least 10 years after operative 
treatment was available. The remaining 3 adults were 
first discovered to have aortic coarctation at necropsy, 
but the diameter at the coarctation was >4 mm in 
each. 

All 84 patients had systolic murmurs (Table III) (Fig. 
5). Of the 48 with isolated coarctation, the murmur’s 
intensity was grade 1/6 in 5 (10.5%); grade 2/6 or 3/6 in 
38 (79%); and grade 4/6 in 5 (10.5%). Systolic murmurs 
most often were of maximal intensity at the upper left 
sternal edge and often were easily heard over the entire 
precordium, neck, and infra- and supraclavicular areas, 
between the scapulae and over axillary collateral vessels. 
The murmurs usually began after the first heart sound, 
were crescendo-decrescendo in character, and at times 
extended beyond the sound of aortic valve closure, 


FIGURE 4. Coarctation with acquired complete occlusion 
of the aorta in a 27-year-old man. a, lateral film made 2.2 
seconds after the injection of contrast material into the 
ascending aorta (A). No contrast is present beyond the 
coarctation (arrow). b and c, resected aortic coarctation 
viewed from its proximal (b) and distal (c) sides. The aorta 
is completely occluded. Dilated intercostal arteries (i) can 
be seen on the adventitial surface of aorta (b) and entering 
the distal aorta (c). d, longitudinal histologic section 
(Verhoeff-van Gieson stain; magnification X6, reduced 
25%). The invaginated posterior wall of the darkly stained 
aortic media narrows the aortic lumen to <1.0 mm. Final 
closure of the aortic lumen is the result of intimal fibrous 
tissue. D = distal aorta; L = ligamentum arteriosum; P 
= proximal aorta. 
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Physical Findings in Aortic Coarctation 


Associated Anomalies 








Absent (48) Present (36) 
100% 
67% 
paro thrill 58% 
systolic ejec ction click 33% 
\bsent, diminished or delayed 86% 


lateral pulsations i 39% 
rial pulses in the 22% 


18% 
108-215 
145 
47% 


30-115 
80 





110-227 


Height <11th percentile* 
Weight <11th percentile* 


“* Children under 13 years of age. 


especially over collateral arteries. Occasionally, apical 
iastolic rumbles were heard. In the other 36 patients, 
the ae anomalies modified the auscultatory 


rde eyed i in 76 patients a. 6). In 5 of the 8 patients 
with normal femoral pulses on clinical examination, the 
ctation specimen was serially sectioned: 4 had lu- 


ameter but a large patent ductus inserted distal to the 
ar station; and in the other 3 patients, hemodynamic 
ge studies indicated that the obstruction 

. Simultaneous arm and leg blood pressures 

sured by cuff in 5 of these 8 patients, and in 3 

essure was slightly lower in the leg. In 6 additional 
ents, femoral arterial pulsations were full but were 

d or delayed compared with brachial or radial 

is. Palpable collateral pulsations occurred in 


ystol ic blood pressures in the arm were >140 mm Hg 
(69%) of the 48 patients without and in 17 (47%) 
e 36 patients with associated anomalies (Table II), 


ose without and in 9 (25%) of those with as- 
omalies. Most patients had pressures that 
er than the pressures in 97.5% of the general 


FIGURE 5. Phonocardiogram recorded in second (2 LICS) anc 

(4 LICS) left intercostal spaces, carotid pulse tracing, and ele 
diogram (ECG) in a patient with aortic coarctation. An ejection < { 
follows the first heart sound (S,) and occurs: simultaneously’ with 
beginning of the upstroke of the carotid pulse. SM = systahe m mur 
S, = second heart sound. : 


population of the same age (Fig. 7). Systolic pre 

was above this level in 67 (80%) of the 84 patients wi 
coarctation and in 63 (90%) of the 70 patients unde 
going operative repair. In most patients whose systolic 
pressures were within 2 standard deviations of th 
for the general population, the aortic coarctation was 
mild. Narrowing and tortuosity of retinal arteries w 
often seen; retinal hemorrhages, exudates, and papil- 
ledema were absent. 

The heights and weights of the children <13 yi 
of age had a normal distribution, in those with isolate 
coarctation, but were below the 11th percentile in >50% 
of those with associated malformations. 

The electrocardiograms of most patients with iso : 
lated coarctation were normal, and those of most 
tients with associated anomalies were abnormal 
IV). Increased QRS voltage was the most common 





QRS Axis 
>110° < -30° 


8V,+R 
Vs or Ve LVH With 
>40 mm Strain 


R Vs or Ve 
>25 mm 





0 
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5 9 1 
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s the 9 pa ents with- right RV) or combined right and left (LVH) ventricular hypertrophy. : Br is : 
20 cond) P-R i lin 7 patients; sinus bradycardia plus atrioventricular dissociation in 1, :iunetionat rhythm in 1; wandering 
rin tl; zand complete right bundle branch block and left an rior heribtock i 2: ; is : 
















nal patients with isolated coarctation; the in- 
rease was usually slight and no patient with isolated 
oarctation had R waves =30 mm in lead Vz or Vg. In 
contrast, R waves of =30:mm occurred in 13 of 27 pa- 
ients (excluding the 9 with right or combined ventric- 
lar hypertrophy) with associated anomalies. 
Chest roentgenography performed in the 4 standard 
projections revealed the aortic coarctation in 66% of 
atients without and in 53% of those with associated 
omalies (Table V). It was seen either directly, the 
ed figure-of-3 sign, or indirectly by the deformity 
oduced in the barium-filled esophagus. The fre- 
uency of visible rib notching correlated directly with 
ge, and inversely with the diameters of the coarctations 
measured in the resected specimens. Dilated, tortuous 
internal mammary arteries were identified in lateral 
-chest roentgenograms in 7 patients. The ascending aorta 
_ appeared normal in 51 patients, slightly dilated in 31 
_ patients, and moderately dilated in 2. The intrathoracic 
__ portions of the brachiocephalic arteries were normal in 
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~ AORTIC STENOSIS AND MILD AORTIC COARCTATION 
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45 patients, slightly dilated in 29 patients, moderately 


_ dilated in 9, and markedly dilated in 1 patient, in whom 


aneurysms of the aortic arch, left subclavian artery, and 


descending thoracic aorta were present. From theim: 


pression it produced on the barium-filled esophagus, the 
aorta just distal to the coarctation was normal in 34. 


patients, slightly dilated in 41, moderately dilated in 8 o : 


patients, and markedly dilated in 1. 
Increased pulmonary vascular markings were noted 

in 9 patients, 8 of whom had left-to-right shunts, and 

findings of pulmonary venous hypertension were 


present in 4 patients, each of whom had congenital mi- a 


tral regurgitation. 2 
Overall heart size was normal in 30 (63%) of 48 pa- 
tients with isolated aortic coarctation and was moder- 
ately enlarged in only 1 patient. In contrast, overall 
heart size was normal in only 2 (6%) of 36 patients with 
associated anomalies and almost half of the 36 had 
moderate or marked cardiomegaly. Seven patients (6 
with isolated coarctation and 1 with associated con- 


SEVERE AORTIC STENOSIS AND AORTIC COARCTATION 
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AORTIC REGURGITATION AND AORTIC COARCTATION 
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DIASTOLIC BLOOD PRESSURE -ARM: (mmHg) 


20°25 0 s 0 a 
AGE (years) 


FIGURE 7. Systolic and destoli blood pressures, taken in an arm by cuff, in the 48 patients with isolated aortic coarctation andi in the 36 with i 
dotted tine (left) is the mean systolic: pressure-of the general population. The solid lines include the pressures of 95% of theg 3 | population. A difference 
3546-48 jn technique of recording diastolic pressure accounts for the gap in the upper line (right). Of the 84 patients 67 (80%), including 63 (80%) of 
underwent operative repair, had 3 systole pressures t that were greater than the o in 97. 5% ot the ral popula not connate age.. ; 
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TABLE V Roentgenographic Findings in Aortic 





Coarctation 
Associated Anomalies 
Absent (48) Present (36) 

Coarctation seen on barium swallow 66% 53% 
Rib notching 65% 33% 

Aortic lumen completely closed 2/2 2/2 

Diameter of aortic lumen <0.5 mm 13/15 5/7 

Diameter of aortic lumen 0.6 to 2.0 mm 8/15 4/11 

Diameter of aortic lumen >2.0 mm 4/12 0/6 
Heart size 

Normal 63% 6% 

Slightly enlarged 35% 47% 

Moderately or markedly enlarged 2% 47% 


genital mitral regurgitation) with normal overall heart 
size had slight enlargement of individual cardiac 
chambers—the left ventricle in 5 and the left atrium in 
2. Thus, 24 of the 84 patients had entirely normal car- 
diac silhouettes, and 23 of the 24 patients had isolated 
coarctation. 

Angiographic findings (Fig. 8 to 11): Dilatation of 
the descending aorta immediately distal to the coarc- 
tation was the rule. In 45 patients, poststenotic dilata- 
tion was quantified angiographically by determining the 
ratio of the diameter of the aorta just distal to the 
coarctation to the diameter of the aorta at the level of 
the diaphragm: In 2 patients the ratio was 1:1; in 28 
patients, 1.0 to 1.5:1; in 14 patients, 1.5 to 1.8:1; and in 





FIGURE 8. Lateral aortogram in a 35-year-old woman showing invag- 
ination of the posterior wall of aorta just distal to the origin of the left 
subclavian (S) artery, poststenotic dilation (D) of the descending aorta, 
and mild dilation of the ascending aorta (A). The patient also had mitral 
regurgitation. 


TABLE VI Hemodynamic Findings in Aortic Coarctation 


Associated Anomalies 





Absent (12) Present (23) 
Gradient Across Coarctation (mm Hg) 

Peak systolic 

Range 39-100 13-90 

Average 55 41 
Mean 

Range 13-36 5-34 

Average 21 16 
End-diastolic 

Range 1-11 0-15 

Average 6 5 
Brachial artery-femoral artery (9 patients) (12 patients) 
Pulse lag (second) 

Range 0.09-0.20 0.06-0.15 

Average 0.14 0.09 


1 patient, >1.8:1. Saccular aortic aneurysm distal to the 
coarctation occurred in 4 patients. Its cause was infec- 
tive aortitis in 1 patient (Fig. 11). In another the aneu- 
rysm developed just distal to a stenotic anastomotic site 
for coarctation resection 6 years earlier. One patient had 
multiple saccular aneurysms both proximal and distal 
to a mild coarctation. In the fourth patient the aneu- 
rysm arose just distal to the coarctation. In all patients 
the aneurysms were resected along with the aortic 
coarctation. The intercostal arteries frequently were 
dilated, at times to aneurysmal proportions. In 1 patient 
the right subclavian artery originated just proximal to 
the coarctation and reached the right arm by passing 
behind the esophagus. 

The anatomic relation of the aortic coarctation to 
the origin of the left subclavian artery was visualized 
on angiography in 47 patients: In 15 the coarctation was 
<1 cm; in 24 patients, 1.0 to 2.9 cm; and in 8 patients, 
3.0 to 5.0 cm distal to the caudal margin of the origin of 
the left subclavian artery. The length of the narrowed 
aortic segment seen on angiography was <5 mm in 39 
patients, 5 mm in 2 patients, and 8 mm in 1. 

In 82 patients, both coarctation specimens and aor- 
tograms were available for correlative examinations. 
There was a direct correlation between the internal 
diameters of the coarctations measured angiographi- 


TABLE Vil Operations for Aortic Coarctation (71 Patients) 
a aA cy sk ebay Soc pia aa Sodas PE Seo 


Procedure 
Resection with direct anastomosis 61 
Resection with graft 8 
Anastomosis left subclavian artery to aorta 1 
Not resected 1 
Complications 
Mortality 3 (4%) 
Reoperation for bleeding 6 (8%) 
Reoperation for coarctation 2 (3%) 
Paradoxical hypertension postoperatively 41 (58%) 
Recurrent laryngeal nerve palsy 8 (11%) 


Systemic Arterial Pressures Postoperatively 


-e—— eee 


Preoperative Discharge Follow-Up 
Systolic >140 47/67 (70%) 11/67 (16%) 10/56 (18%) 
Diastolic >90 29/67 (43%) 7/67 (10%) 3/56 (5%) 
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cally and those measured anatomically, but the diam- 
eters measured angiographically (range 0 to 8 mm, av- 
erage 3.5) tended to be larger than the diameters mea- 
sured anatomically (range 0 to 4.1 mm, average 1.3). 
This discrepancy resulted from measuring the angio- 
graphic diameters when the aortas were distended by 
systemic arterial pressure and magnified approximately 
25%. 

In 43 patients the magnitude of the collateral arte- 
rial circulation was estimated angiographically: In 5 
patients it was normal and in 38 it was increased: 1+ in 
10, 2+ in 10, 3+ in 12, and 4+/4+ in 6. The magnitude 
of the collateral circulation was inversely proportional 
to the luminal diameters measured in 35 resected 
coarctations: In 17 patients with 0 to 2+ collateral ar- 
teries the average luminal diameter was 2.5 mm, and in 
18 patients with 3+ or 4+ collateral arteries the average 
diameter was 0.7 mm. 

Hemodynamic findings: Direct arterial pressure 
measurements above and below the coarctation, re- 
corded in 35 patients, showed peak systolic pressure 
gradients averaging 55 mm Hg in the 12 patients with 
isolated coarctation and 41 mm Hg in the 23 with as- 
sociated anomalies (Table VI, Fig. 6). The peak gradient 
was >60 mm Hg in only 6 (17%) of the 35 patients. The 


FIGURE 9. Posteroanterior chest roentgenogram (upper 
left) and aortograms in a 21-year-old man with aortic 
coarctation and no other cardiac malformations. The 
chest roentgenogram shows a figure-of-3 sign, notching 
of the fifth rib on the right and the fifth and sixth ribs on 
the left, mild left ventricular enlargement, and no dilatation 
of ascending aorta. The lateral film (upper right), obtained 
during injection of contrast material into ascending aorta 
(A), shows a jet of contrast entering the dilated de- 
scending aorta (D). The left vertebral artery has a separate 
origin from the aortic arch just proximal to the origin of 
the left subclavian artery (S). The anteroposterior (lower 
left) and lateral (lower right) films were taken after the 
ascending aorta had emptied of contrast medium and 
show the descending aorta (D) being filled by numerous 
dilated collateral arteries. The markedly dilated superior 
intercostal arteries enter the descending aorta just below 
the coarctation. Dilated internal mammary arteries (i) give 
origin to intercostal arteries (c). 
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mean gradient averaged 21 mm Hg in the patients 
without and 16 mm Hg in those with associated anom- 
alies, and was >30 mm Hg in 4 patients. The end-dia- 
stolic gradient average 6 mm Hg in patients without and 
5 mm Hg in those with associated anomalies; it was >10 
mm Hg in 3 patients and was absent in 4 patients. 

An inverse correlation was found between the luminal 
diameters of the resected aortic coarctations and the 
preoperative mean gradients across them. With a lu- 
minal diameter of <1.5 mm, however, a progressively 
smaller lumen was not associated with a higher gradient, 
suggesting that with this degree of obstruction most of 
the blood reaches the distal aorta by collaterals vessels. 
Generally, the gradient across the coarctation and the 
systemic blood pressure increased with each successive 
decade through the third. No further increase in the 
average gradient or blood pressure occurred in patients 
>30 years of age, but 6 of these 15 patients had mild 
coarctation with aortic luminal diameters of >4 mm. 

Simultaneous brachial and femoral arterial pressures 
were recorded in 21 patients, and the delay from the 
peak of the brachial pulse to the peak of the femoral 
brachial pulse averaged 0.14 second in 9 patients with 
isolated aortic coarctation and 0.09 second in 12 patients 
with associated anomalies. 
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Operations, complications, and results: Operation 
for aortic coarctation was performed in 71 patients 
(Table VII). In 61, the narrowed segment was resected 
and the distal aorta anastomosed directly to the proxi- 
mal aorta, including part of the origin of the left sub- 
clavian artery when it arose just proximal to the coare- 
tation. The suture line was always interrupted in 2 or 
more places. In 8 patients, the coarctation was resected 
and replaced by a tubular graft (Teflon® in 6 patients, 
homograft in 2). In 1 patient, the left subclavian artery 
was anastomosed to the distal aorta. In another patient 
with severe aortic valvular stenosis and relatively mild 
aortic coarctation, occlusion of the coarcted segment 





caused systolic pressure in the arm to increase to 260 
mm Hg and the distal aorta to collapse; therefore, the 
coarctation was not resected. 

Of the 70 patients undergoing operative repair of 
aortic coarctations, 3 (4%) died early after operation and 
each of them had multiple associated cardiovascular 
anomalies: A 15-month-old boy with ventricular septal 
defect, patent ductus arteriosus, preductile aortic 
coarctation, a large left-to-right shunt, and equal pul- 
monary and femoral arterial pressures died 4 hours after 
banding of the pulmonary trunk, ligation of the ductus, 
and anastomosis of the left subclavian artery to the 
distal aorta. A 20-year-old man with the Marfan syn- 





FIGURE 10. Chest roentgenograms and arteriograms in a girl with aortic coarctation and mitral regurgitation. Her younger sister died at 4 days of 
age with aortic coarctation and other congenital cardiovascular malformations. Slow growth, respiratory infections, and a precordial murmur prompted 
evaluation when she was 17 months of age. The arm blood pressure was 215/115 mm Hg, and she had congestive heart failure. The mitral valve 
was purely regurgitant and the pulmonary arterial pressure was 105/50 mm Hg. A typical aortic coarctation was resected. Postoperatively, systemic 
arterial pressure fell to 115/65 mm Hg, but 3 months later signs of infective “endocarditis” developed. While she was being treated for 10 weeks 
with antibiotic drugs, the femoral pulses gradually disappeared, the blood pressure increased to 205/145 mm Hg, congestive heart failure reappeared, 
and a chest radiogram (at 24 months) (upper left) again disclosed marked generalized cardiomegaly. Films taken in the anteroposterior (upper right) 
and lateral (lower left) projections after injection of contrast material into the left subclavian artery (S) showed a large internal mammary artery 
(I) and a tortuous anterior spinal artery (A) serving as Collateral vessels around the aortic recoarctation (C). The vertebral artery (V) was large. The 
“recoarctation,”’ which showed healing arteritis, was resected and a direct end-to-end anastomosis performed. The arm arterial pressure decreased 
to 110/80 mm Hg in 36 hours. Signs of mitral regurgitation persisted postoperatively and atrial fibrillation appeared before age 5 years. In addition, 
the electrocardiogram showed right axis deviation and biventricular hypertrophy. When 7 years old, the patient had striking generalized cardiomegaly 
with marked left atrial enlargement (lower right). She had severe mitral regurgitation and a pulmonary arterial pressure of 35/15 mm Hg, but no 
pressure gradient between brachial and femoral arteries. Congestive heart failure persisted intermittently, and she died from a respiratory infection 


at age 16 years. 


ATT 


drome, a severely regurgitant bicuspid aortic valve, 
mitral regurgitation, and a 1,000 g heart bled from di- 
lated intercostal arteries after replacement of the 
coarctation with a Teflon graft. A 7-year-old boy with 
the scimitar syndrome, patent ductus arteriosus, pre- 
ductile aortic coarctation, a moderate-size left-to-right 
shunt, and equal pulmonary arterial and descending 
aortic pressure died from obliterative pulmonary arte- 
rial disease and extensive intraalveolar hemorrhage 8 
weeks after operation. 

Transient paradoxical postoperative hypertension, 
diastolic blood pressure >20 mm Hg higher than the 
preoperative level, occurred in 41 patients (58%): in 31 
(79%) of the 39 patients aged <15 years, in 10 (34%) of 
29 patients aged >15 years, and in none of 6 patients 
aged >35 years. In 7 patients the postoperative diastolic 
blood pressure was >40 mm Hg higher than preopera- 
tive pressure. The systolic blood pressure also increased 
in 40 of the 41 patients. In 29 of the 41 patients, the in- 
crease in diastolic pressure exceeded the increase in 
systolic blood pressure. Seven (all boys <15 years of age) 
of the 41 patients had postoperative abdominal pain (4 
patients), vomiting (3 patients), abdominal tenderness 





FIGURE 11. Posteroanterior chest X-ray (a), lateral aortogram (b) (taken 
3 seconds after injection of contrast material into ascending aorta), and 
anteroposterior aortograms (c and d) taken 3 (c) and 5.5 (d) seconds 
after injection showing an aortic aneurysm (AN), infected by alpha 
streptococcus, just distal to a previously unrecognized coarctation in 
a 12-year-old boy. 
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(2 patients), occult fecal blood (2 patients), epistaxis (1 
patient) and/or subscapular pain (1 patient), when their 
systemic blood pressures were elevated above preop- 
erative levels (an average of 43 mm Hg systolic and 41 
mm Hg diastolic). Two patients also had generalized 
seizures. 

Other postoperative complications occurred in 11 
(38%) of the 29 patients >15 years of age (including 8 
of 13 patients aged >25 years), and in 5 (13%) of 39 aged 
<15 years. The only complication associated with sig- 


nificant permanent sequelae was infective endocarditis | 


in an 8-year-old boy who had septic cerebral emboli and 
residual hemiparesis and seizures. Thoracotomy was 


required for control of postoperative bleeding in 6 pa- 


tients (including 2 of the 4 in whom aortic aneurysms — 
had been resected) and for control of postoperative 
chylothorax in 1. Eight patients (including 3 requiring 
postoperative thoracotomy) had recurrent laryngeal 
nerve damage. In the 6 older patients (aged 19 to 49 
years), difficulty with phonation occurred, and in 5 it 
was transient. One patient, a 49-year-old woman whose 
aneurysms above and below the coarctation were re- 
sected, also had transient left Horner’s syndrome and 
diaphragmatic paralysis. Two patients, aged 8 and 17 
years, had dysphagia without dysphonia; in 1 patient 
the entire left vagus nerve had been knowingly de- 
stroyed during removal of a rapidly expanding post- _ 
stenotic aortic aneurysm infected with alpha strepto- 
coccus (Fig. 11). Superficial wound dehiscence, pneu- 
mothorax, and atelectasis occurred in 1 patient each. 
Two patients required second operations for aortic 
coarctation. A 20-year-old man who had hypertension 


and diminished femoral pulses immediately after op- — 


eration had a 50 mm Hg peak systolic pressure gradient 
across the proximal anastomosis of the Teflon graft used 
to replace the coarcted aortic segment, and 3 weeks after 
the first operation the graft was replaced and the 
proximal anastomosis made larger. Subsequent blood 
pressures were normal. An 18-month-old girl became 
normotensive and had good femoral pulses after re- 


section of an aortic coarctation and end-to-end anas- — 
tomosis of the aorta, but 2 months later she had infec- — 
tive aortitis accompanied by systemic hypertension — 


(205/145 mm Hg) and gradual disappearance of the 


femoral pulses (Fig. 10). At age 24 months, the inflam- — 


matory narrowing at the site of previous anastomosis — 
was resected, and an end-to-end anastomosis of the 


aorta was performed. The blood pressure subsequently — 


was normal, and direct pressure measurements 5 years 
later revealed no gradient across the anastomosis. 


By hospital discharge, either systolic or diastolic _ 
blood pressure had decreased to below preoperative — 


levels in 58 (87%) of the 67 surviving patients and both 
pressures had decreased in 42 (63%). Whereas preop- 


erative systolic pressures had been >140 mm Hg in 47 ~ 


(70%) and diastolic pressures >90 mm Hg in 29 (43%), 


postoperative pressures were above these levels in only — 


11 (16%) and 7 (10%) patients, respectively (Table 
VII). 


Of the 67 survivors, 60 have been followed up from 1 — 


month to 15 years after discharge (mean follow-up 4.7 


years). Although 53 (88%) of the 60 had preoperative — 
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IGURE 12. Systolic blood pressure recorded in the arm by cuff late 

postoperatively (1 month to 15 years; mean 4.7 years) in 60 patients 
fter resection of aortic coarctation. Mean systolic pressure (+2 
tandard deviations) for the general population is indicated as in Figure 
46-48 


ystolic blood pressures >97.5% of the general popula- 
ion, at the most recent postoperative follow-up only 15 
25%) had systolic pressures above these limits (Fig. 12), 
and in 9 of the 15 the pressure was 10 to 45 mm Hg lower 
han it was preoperatively. Furthermore, only 3 of the 
5 patients have diastolic pressures that are unequiv- 
cally increased for their ages. Two of them underwent 
rterial puncture; the brachial-to-femoral arterial peak 
ystolic gradients were 5 and 15 mm Hg, respectively. 
e third patient has good leg pulses, whereas none 
e palpable preoperatively. Despite lowering of blood 
ure by operation, the distribution of pressures 
toperatively differs from that in the general popu- 
ition (Fig. 12). 
Of 11 patients 230 years of age with operative cor- 
ction of aortic coarctation, all had had systolic and 8 
id diastolic hypertension preoperatively, but in all 11 
atients blood pressure decreased after operation, with 
1e systolic blood pressure at discharge above normal 
only 1. Of 9 patients followed up 3 months to 10 years, 
still had systolic hypertension and 1 had diastolic 
ypertension. 


In 18 patients, 12 of whom were operated on before 


years (average 11) after operation, whic 
ents was resection with direct a 


e 11 years, intraarterial pressures were measured 5 to 


"systolic pressure gradients were absent at 
10mm Hg in 5, and 10 to 35 mm Hg in 5. In all patients 


© “Additional Congenital Anomolies 


patients, 


the mean gradients were <12 mm Hg. In 5 patients oF 


pressure gradients were measured directly twice post- 


operatively (initially 0.3, 11, 12, 12, and 84 months © . 


postoperatively; and subsequently 10, 12, 14, 15, and 15 
years postoperatively). The values obtained at the 2 
studies were virtually identical. 

In addition to the 3 patients who died after operation 
for coarctation, 7 others died later. Three died after 
operations for associated anomalies, and each of them 
had mild aortic coarctation: in 1 an earlier attempted 
resection of the coarctation had been abandoned be- 
cause the distal aorta collapsed when the coarctated 
segment was occluded, and in the other 2 aortic coarc- 
tation was first discovered at necropsy. Two patients 
with mild coarctation died from Histoplasma capsul- 
atum aortic valvular endocarditis and carcinoma of the 
breast. One patient died from coronary arterial occlu- 
sion 1 year postoperatively, and 1 patient, who required 
repeat operation and also had severe congenital mitral 
regurgitation, died at age 16 years (Fig. 10). 


Discussion 


In this study the pathoanatomic features were res. 
markably uniform. In each patient the coarctation was - 
juxtaductal, and in all but 1 patient the narrowing was - 
discrete and caused by invagination of the media of the _ 
posterior aortic wall. Initimal jet lesions frequently . 
caused further narrowing of the aortic lumen and in 4 
patients led to complete occlusion. oe 

Gupta and Wiggers! and McClenathan et al? dem- 
onstrated that the cross-sectional area of the aortic 
isthmus must be reduced 45 to 65% in the dog befor 
any pressure differences are detected above and belo’ 
the constriction. In contrast, turbulence may be pro- 
duced by reductions in cross-sectional area as little as 
25% and could play a role in the pathogenesis of post- 
stenotic dilatation or even aneurysm formation in pa- 
tients with mild coarctation. Once the aortic lumen has 
been narrowed to a critical size, most blood reaches the 
descending aorta by collateral vessels. The pressure 
gradient between the ascending and descending aorta. 
then depends primarily on the resistance to flow in these 
collateral vessels. In the present study, patients whos 
resected aortic coarctations had luminal diameters <1. 
mm usually had rib notching on chest roentgenograms | 
and extensive collateral vessels (seen on angiogr: hy) 
and no correlation existed between luminal diamet 
and mean gradient across the coarctation. Patien 
luminal diameters >2.0 mm usually did not h 
notching or extensive collateral vessels, and the | 
diameter correlated inversely with the mean gr 
across the coarctation. The luminal diameter at 
collateral flow exceeds flow across the coarctation 
be estimated using a modification of the Gorlin formul 
and, in the intact aorta distended by systemic ar’ 
pressure, is probably 1.5 to 4 mm depending on severa 
factors, including the cardiac output. oe 

In older children and adults, the increased pressure - 





d cardiac output are usually in the high 
al range.’ Left. ventricular filling pressures are 
‘mal or mildly increased at rest, but may increase to 
bnormal levels when afterload is markedly increased 
exercise. Renal, splanchnic, and leg blood flows are 
ormal at rest,®7 but blood flow to the legs may not in- 
rease appropriately with exercise. Hemodynamic 
function may be altered markedly by associated 
malies. 
as symptomatic newborns with coarcta- 
„ventricular volume is normal but ejection 
ı and systemic cardiac output are markedly re- 
uced, presumably as a result of the sudden imposition 
f an increase in afterload as the ductus closes and the 
coarctation becomes obstructive. Left ventricular mass 


is normal, and a large volume of blood shunts left to 


ight through the foramen ovale. Within weeks to 

onths, the left ventricle hypertrophies and dilates 

slightly, and the ejection fraction and cardiac output 
improve. 

The high prevalence (43% of total group, 83% of pa- 
ients 1 to 5 years old) and wide variety of associated 
ongenital cardiovascular anomalies in our patients and 

hers®!3 with aortic coarctation are striking. Patent 
ctus arteriosus, ventricular septal defect, various 
of hypoplastic left heart syndrome, and trans- 
sition of the great arteries are commonly associated 
coarctation. In our patients, all of whom were >1 

_ year of age, aortic valvular disease was the most com- 

_ ‘mon associated anomaly. Of 11 aortic valves examined 

directly, only 2 were both tricuspid and functioned 

normally. In patients with coarctation, high prevalence 

‘ates of aortic valvular malformations, especially bi- 

_ cuspid valves, are common!*!6, and high prevalence 

_ rates of mitral valvular disease have been noted by other 

investigators'”-?° in patients with coarctation. 

One or more episodes of overt cardiac failure occurred 

5 (42%) of our 36 patients with associated anomalies, 

one of the 48 without them. Although described 

nts with isolated juxtaductal aortic coarcta- 

21,22 congestive heart failure is uncommon, espe- 

ter the neonatal period. Similarly, growth re- 

n, electrocardiographic abnormalities other 

rderline voltage criteria for left ventricular hy- 

pertrophy, and moderate or marked cardiomegaly on 

iest roentgenograms are unusual in patients with 

arctation alone and should always prompt a search 
for additional cardiovascular malformations. 

Despite the pathognomonic features—arterial hy- 

ension in the arms, delayed and diminished (or 

moral arterial pulses, and a systolic ejection 

heard both between the scapulae and ant- 

that are present in most patients with aortic 

tation, the diagnosis continues to be missed fre- 

sently. The reasons vary. Although it is almost always 

ell above average for the patient’s age in significant 

arctation, systolic blood pressure may not be >140 or 

g, a level considered the upper limit of normal 

ults. Thus, that a systolic blood pressure of 125 

‘is abnormal for a 6-year-old child may not be 

ated, and further investigation may not be un- 

n. Diastolic pr ally is increased pro- 


all less t. an systolic pressure in patients with 


coarctation. When additional malformations a 
present, findings related to them may obscure or direc 
attention away from those resulting from the coare 
tion. With well-developed collateral vessels and a cc 
dition such as aortic regurgitation that causes a lar 
aortic pulse pressure, femoral pulses may feel normal 
unless carefully compared with arm pulses. Delays i 
diagnosing coarctation usually result from failure 
consider it. 

In patients with aortic coarctation, the p 
depends largely on the presence and type of 
malformations. Those who become symptoma 
first months of life usually (up to 90% or mo 
or more additional malformations. The few 
with isolated coarctation who present with card 
failure in the first months of life usually respond 
digitalis and diuretic drugs and undergo elective oper 
ative repair when they are older.!*?? Infants 
sociated malformations and cardiac failure ı 
spond adequately to medical management, and wit 
operation most die in infancy. Thus, prompt. cardia 
catheterization and operative correction of the © 
tation (with ligation of the ductus and, if a mode 
to-large ventricular septal defect is present, band 
the pulmonary trunk) are mandatory. Despite th 


expectancy is co 
eral population, even if additional malformations don 
exist. Natural history data from before the operative e 
suggest that of the patients surviving infancy, 26% die 
by age 20 years, 65% by age 40 years, and 92% by age! 
years. !4:25.26 The mean age at death was 34 years. Co 
gestive heart failure, aortic rupture, infective endoca’ 
ditis, and intracranial hemorrhage accounted for 
of deaths. These data come not only from the era befor 
operation but, for the most part, also from the era befo 
antibiotics and effective oral diuretic and antihype 
tensive agents were available. Prognosis has improved 
vastly with operative repair, but the life expectancy of 
patients treated operatively is still far below that of the 
general population. 
There is general agreement that, except for minor 
narrowings, all juxtaductal aortic coarctations sh 
be repaired operatively. In symptomatic infants 
associated anomalies, operation often is lifesaving and 
should not be delayed. However, in asymptomatic 
tients, the optimal time for repair is a matter of 
jecture. The longer the operation is delayed, the mo 
likely it is that some complication will arise, and in olde 
adults operative mortality and morbidity are increased 
and long-term results are less than optimal.?’ However. 
residual or recurrent coarctation with the need for. 
second operation is more likely to occur in those patient. 
who were operated on in infancy. Age 8 to 12 year: 
been suggested as the optimal time for elective | 





suture line is usually interrupted in 1 or more places to 
llow for growth of the aorta and its lumen as the child 
rows. In infants aortoplasty, usually with the aid of a 
Dacron® patch or a subclavian flap, may be the prefer- 
able procedure.29-5! The Blalock-Park procedure®2 of 
__ transecting the left subclavian artery and anastomosing 
-the proximal end to the distal aorta gives less satisfac- 
tory results and is rarely used now. In patients with 
_ coexisting tubular hypoplasia of the aorta, in whom the 
arrowed segment may be quite long, and in some older 
atients in whom the aorta may be too inelastic for a 
ension-free anastomosis to be performed, a patch, a 
lap, or a tubular synthetic graft is used. 

Except in infants, patients >40 years of age, and those 
with associated anomalies, juxtaductal aortic coarcta- 
_ tion can be corrected with a risk of death in the early 
postoperative period of approximately 1%. Because 
dilated collateral arteries are unavoidably damaged 
_ during operation, bleeding remains a significant post- 
_ operative problem. Similarly, postoperative difficulty 
_ in phonation, usually transient, is common because of 
_ the anatomic relation of the recurrent laryngeal nerve 
_ to the coarctation and the ligamentum arteriosum. In- 
-fective endarteritis (involving the anastomotic site), 
_ endocarditis (involving usually the aortic valve), and 
_ spinal cord damage**:*4 are less common but more se- 
_ tious complications. 

_ An increase in blood pressure during the first days 
_ after operation to above preoperative levels is the most 
common postoperative complication of coarctation re- 
_section.*° In contrast to other complications, which 
occurred more frequently in our older patients, para- 
_ doxical hypertension was seen more frequently in pa- 
tients <16 years of age. It usually caused no symptoms, 
but occasionally was accompanied by abdominal pain, 
istention, nausea, and vomiting requiring nasogastric 
ction. Rarely, intestinal infarction may occur. These 
roblems can be prevented by keeping postoperative 
blood pressure in the normal or near-normal range. The 
pathogenesis of paradoxical hypertension remains in- 
completely understood.” 

_. Blood pressures in the arms are below preoperative 
_levels in most patients by the time of discharge from 
the hospital.36=38 Furthermore, blood pressure con- 
_tinues to decrease subsequently. Nevertheless, as a 
‘group, these patients remain. mildly hypertensive 
_compared with the general population,5-12,27,26-40 With 
exercise, striking elevations in systolic pressure may 
ccur.>40 

The cause of residual hypertension after coarctation 
air has been the subject of much speculation.3~41 
few patients, residual coarctation of significant 
gree is the cause, and this is most likely to occur when 
eration is performed during infancy.*! In addition, 
nild degrees of residual coarctation are common. Kar- 
ell”? performed postoperative aortography in 81 pa- 
nts, and in each the diameter of the aortic isthmus, 
rected for body surface area, was less than the mean 
of the diameters in control subjects. 

_ Sehested et al‘? found the precoarctational aortic wall 
pore rigid than the postcoarctational wall and postu- 





























































~ higher-than-normal pressure. They further | 
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ighe irther postulated 
that this resetting of the baroreceptors might account _ 
not only for paradoxical hypertension in the early | 
postoperative period, but also for sustained mild hy- 
pertension late postoperatively. Evidence of increased P 
sympathetic activity many months postoperatively 
supports this hypothesis.42-43 In addition, Samanek et 
al studied patients an average of 11.5 years after | 
coarctation resection and found resting and maximal... 
blood flow reduced and vascular resistance increased _ ; 
in the arm muscles, whereas these were normal in the 
leg muscles. These findings imply permanent changes 
in the arteries and/or arterioles subjected to elevated: 
pressure many years earlier, and such changes may 
contribute to persistent hypertension postopera- 
tively. gE 
Although the prognosis in patients with aortic 
coarctation is vastly improved by operative correction, 
these patients as a group do not have a normal lifeex- | 
pectancy even when the coarctation is isolat- 
ed.15-16.27,59.45 The reasons for this are abundant. Re- 
sidual hypertension is one. A second is that about 75% 
of patients have a biscuspid or other malformed aortic 
valve that predisposes to the development of aortic 
stenosis, regurgitation, or infective endocarditis, alone. 
or in combination. Third, patients with aortic coarcta- _ 
tion are subject to vascular accidents involving the 
central nervous system (subarachnoid hemorrhage from 
rupture of a Berry aneurysm, intracerebral hemorrhage, 
thromboembolic strokes, and paraplegia from spinal 
cord damage) and to dissecting and saccular aneurysms 
of the aorta and intercostal arteries. Although resection 
of the coarctation and its attendant lowering of blood 
pressure would be expected to, and probably does, de 
crease the frequency of these complications, it does not 
eliminate them.?? Finally, because of long-standing 
hypertension, coronary atherosclerosis is probably more 
prevalent in these patients than in the general popula- | 
tion. The data of Maron et al?’ suggest that the prog- 
nosis after operation for “uncomplicated” coarctation — 
is better in those operated on before 25 years of age. 
Thus, early diagnosis is essential. Continued careful 
follow-up of all patients after operative repair is als 
mandatory, because most have further cardiovascular 
problems. ‘i o 
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_Electrophysiologic studies were performed in 47 
_ Children aged 3 to 18 years, 15 of whom had cardiac 
_ arrhythmias 1 to 15 years after repair of tetralogy 
_ of Fallot. Six exhibited sinus or atrioventricular nodal 
dysfunction, 8 had ventricular extrasystoles, and 1 
ad supraventricular tachycardia. Hemodynamic 
ind electrophysiologic data were obtained at 
ostoperative catheterization. Although electro- 
physiologic responses were abnormal in a proportion 
f both the children with and those without ar- 
hythmia, hemodynamic values were similar. Three 
6 children with impaired sinus impulse generation 



















Tetralogy of Fallot isa common congenital heart defect 
_for which reparative open heart surgery has been per- 
rmed in thousands of patients over the past 2 decades, 
he immediate risk of the surgery has steadily declined; 
however, a small but alarming incidence of late sudden 
‘unexpected deaths represents a continuing source of 
concern. Bifascicular block, transient complete heart 
block,*° ventricular ectopic rhythm,® especially with 
right ventricular hypertension,’ and late development 
of left axis deviation! have been associated with sudden 












nexpected.death. 

This investigation attempts to determine whether 

acardiac hemodynamics relate to the intracardiac 
iction properties in children. after repair of te- 

ogy of Fallot. Also, because arrhythmias have been 

aplicated in late mortality, it was hoped to determine 
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Hemodynamics and Intracardiac Conduction After 
Operative Repair of Tetralogy of Fallot 
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node recovery time to rapid atrial pacing. Thirty 
_ had programmed atrial extrastimulation studie 


partment of Pediatrics, University of Miami School of Medicine, P.O. ial ¢ hudies, ar 
2 programmed ven cular stimulation. Thirty patient 















or atrioventricular nodal conduction had a prolonged | 
A-H interval, and in 3 Wenckebach heart block de- oe 
veloped at low pacing rates. Ventricular ectopic — 
rhythm was not associated with any particular ab- — 
normality of basic intracardiac conduction intervals. _ 
Thus, arrhythmias and conduction abnormalities are - 
not consistently related to residual right ventricular. 
hypertension. Abnormalities in electrophysiologic 
function are common after repair of tetralogy of 
Fallot in patients with sinus rhythm and may have 
Prognostic implications for these patients. 











































whether those children with arrhythmias have specific 
conduction abnormalities that may serve to identify 
those requiring increased surveillance. The study was 
begun in 1975 to collect electrocardiographic informa 
tion and to correlate this with postoperative hemody. 
namics and electrophysiologic functions at card 

catheterization. ce 


Methods 


Forty-seven children were studied after operativ 
tetralogy of Fallot. None had arrhythmia preope 
standard electrocardiography. In 13 children the 
for admission included findings of residual heart d 
electrocardiographic abnormality; the ‘remaining 
admitted electively. There were 24 male and 22 fem 
tients, aged 3 to 18 years, Surgery had been performed. 
years previously (average 4.3). All children had a ro 
12-lead electrocardiogram. A 

After informed consent had been obtained, cardiac ¢ 
terization was performed and included hemodynamic 
eangiography; and determination of basic intracare 
duction intervals, right ventricular activation time, anc 
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lot (Group A) 





ler Operative Repair of Tetralogy of i; 


ECG 
Axis 


Rhythm 





0° RBBB 
+120°RBBB 
—20° RBBB 
—30° RBBB 
+120° RBBB 
Indet RBBB 
+160° RBBB 
—30° RBBB 
0° RBBB 
—30° RBBB 
+140° RBBB 
indet RBBB 
+75° RBBB 
+90° RBBB 
+110° RBBB 
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Sinus arrest, Mobitz II 

Sinus arrest, junctional bradycardia 
Spontaneous Wenckebach 

Spontaneous Wenckebach 

Junctional bradycardia; P-R = 0.22 s, PVC 
Sinus and junctional bradycardia 

PVG, bigeminy 

PVC, bigeminy 

PVG, bigeminy 

PVG 


PVC, PAC 
PVC, PAC 
PVC, PAC 
PVC, PAC 
SVT 








* PVC = ventricular extrasystoles; RBBB = right bundie branch block; RV = right ventricular; SVT 


ambulatory electrocardiographic monitoring and 29 had ex- 
-ercise stress testing using the modified Bruce protocol. 
The materials and methods used for catheterization and 
ectrode placement have previously been described.'! Agents 
sed for sedation included Demerol®, Phenergan®, Thora- 
e®, and pentobarbital sodium. Basic intervals and apical 
ivation ‘were compared with those of age-matched preop- 
ive children studied in this. laboratory.!? Sinus node re- 
very time was measured from the last paced atrial deflection 
he first spontaneous atrial beat and then divided by the 
resting sinus cycle length and expressed as a percentage. The 
majority of preoperative children have values for this per- 
stage <160% in our laboratory.!* The response to rapid 
trial pacing was monitored for development of Wenckebach 
eart block. The cycle length at which Wenckebach period- 
y occurred was compared with the reference distribution 
for our laboratory.!? Values for Wenckebach periodicity were 
sidered abnormal if they fell outside this reference. Defi- 
is of basic intervals, right atrial effective refractory pe- 
oventricular nodal effective refractory period, right 


= supraventricular tachycardia, 


‘Results 


Electrocardiographic findings: Various arrhy 
mias were discovered by scalar electrocardiography (1 
cases), ambulatory monitoring (3 cases), or exerci 
stress testing (1 case), The arrhythmias ar 
Table I and characterize Group A. Six children 
various manifestations of sinus or atrioventricular n 
dysfunction, including sinus arrest, spontaneous M 
type I or. Il atrioventricular block, and june 
bradycardia (Table I). One child had supraventric 
tachycardia and 8 had ventricular ectopic rh 
which consisted of uniform single ectopic beats 
geminy that were suppressed or unaffected by exe 
There were 32 children without arrhythmia and 
comprise Group B (Table III). The average age 
dren in Group A was 8.9 years, of Group B 7.7 years 
of the study group as a whole 8.1 years. ‘Twelve: 
scalar electrocardiograms revealed right bundle brar 
block in 96% of all cases and in all 15 cases in Grot 
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ve; parentheses indicate mean value + 2 standard deviations. 
= RV apex pacing; AVN = atrioventricular nodal; DA 


lar nodal 
aB 


NRT = sinus node recovery time; S 


pathway; LAD = left axis deviation; ND: 
proximal right bundle branch block; preo 
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160° None LAD preop, 
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reentry. 


330 eee 
Ventricular 
reentry 
375° PRBBB =- 
None a De 
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ur children in Group A and 4 in Group B had left axis in 3 children in Group A and 10 children in Gro 
ion that was not present preoperatively. and may reflect residual pulmonary insufficien 
Hemodynamic findings: The majority of children ventricular dysfunction, or decreased right ven 
d good hemodynamics postoperatively (Tables I and compliance. Right ventricular aneurysm was 
though mild pulmonary valve stenosis or pul- angiographically by dilatation of the right ver 
ary insufficiency, or both, were common. Four outflow area to twice the diameter of the main 
ldren in Group A and 4 in Group B had severe pul- nary artery as visualized on the frontal view and 
nary stenosis, with right ventricular pressure >60- present in 2 children in Group A and 9 in Grou} 
n Hg. Two children in Group A and 1 in Group B re- Pulmonary stenosis was considered mild to moder: 
ired reoperation after these studies. Tricuspid valve when right ventricular pressure was <60 mm Hg. Si 
egurgitation was found on right ventricular cineangi-. -nificant pulmonary insufficiency was defined by at least 
graphy in 4 children each in Groups A and B. Right a grade 2/6 diastolic murmur at the pulmonary area. 
ial mean pressure was increased >8 mm Hg in 1 child Three children had small residual ventricular septal — 
up A (Case 11) and 2 in Group B. Right ventric- defects. The re dual cardiac defects are summarized _ 


lar end-diastolic p was increased (>8 mm Hg) in Table IV. 













BLE IV Residual Cardiac Lesions After Operative 
Repair of Tetralogy of Fallot (47 Cases) 
Group A 








Group B 








oe n % n % 
Significant PS (RVSP >60 mmHg) 4 27 4 13 
ignificant PI 9 60 26 8i 
nificant TI 4 27 4 13 

i 8 53 16 50 

1 0.07 2 143 









significant differences on chi-square analysis. 

: pulmonary insufficiency; PS = pulmonary stenosis; RV = right 
/entricular; RVSP = right ventricular systolic pressure; TI = tricuspid 
“insufficiency; VSD = ventricular septal defect. 


_. Electrophysiologic data: These data are similar to 
‘conduction studies reported previously'*~'® after op- 
rative repair of tetralogy of Fallot. In addition, similar 
yercentages of abnormal electrophysiologic findings 
vere present in Group A as a whole and Group B (Ta- 
3 II, IIL, and V). However, when the subgroup of cases 
rhythmia with impaired sinus or atrioventricular 
al conduction was analyzed separately, a higher 
regate number of cases had abnormal conduction 
ues as compared with cases with ventricular ectopic 
hythm or patients in Group B. There was no single 

ttern or abnormal measurement of conduction in the 
hildren with impaired function (cases 1 to 6), al- 
ugh each had at least 1 abnormal value in the studies 
erformed (Table II). Three children had a prolonged 
\-H interval of atrioventricular nodal dysfunction 
cases 1, 4, and 5). One had a prolonged H-V interval 
onsistent with His-Purkinje disease (case 2). In 3 
ildren Wenckebach heart block developed at abnor- 
ally low paced rates (cases 3, 4, and 6) and in case 3 the 
ccurred below the His bundle. Only 2 of the 4 
n (cases 2 and 5) suspected of having sinus node 
netion had prolongation of the sinus node recovery 
, Suggesting either that this measurement is not 
sensitive, that vagal slowing may account for the ob- 
d bradycardia, or that the circumstances of the 
did not reflect the clinical situation because of 
| or other factors. 








Discussion 


een of 47 patients with postoperative tetralogy of 
manifested significant cardiac arrhythmias. In 
ildren with impaired sinus generation or atrio- 
lar nodal conduction, various electrophysiologic 
alities were noted including prolonged A-H or 

terval, increased sinus node recovery time, 
entricular nodal effective refractory period, or 
ance of Wenckebach periodicity at low pacing 
Atrial and ventricular effective refractory periods 
ormal in these children. More children in Group 
d a prolonged A-H interval (p = 0.05); however, the 
ency of the other abnormalities was not statisti- 
ifferent in Groups A and B. Specifically, H-V 
, sinus node recovery time, Wenckebach peri- 

d atrial, ventricular, and atrioventricular 











_ exercise may represent increased ventricular excita 






SNRT > 160% 3/15 30 4/32 4 









Wenckebach at $,S;,2365ms 4/15 26 8/3202 
A-H over 2 SD for age 3/15 20° 0/320. 
H-V over 2.SD for age 3/15 20 5/32: 
Proximal RBBB 6/15 40 13/32 32 
LAD + PRBBB o 4/15" 27 4132. 
RAERP over 1 SD for rate 2/11 18:6) 

RVERP over 1 SD for rate (0/6 0 AL 


* p = 0.05 (chi-square), 
















































nodal effective refractory periods were found in sim 
proportions in patients with and without overt 
rhythmias. i ae 
Children with ventricular ectopic rhythm had 
consistent abnormality of basic conduction inter 
In 5 of 6 cases in Group B in which comparison 
possible, the right ventricular effective refractory pe: 
was longer at the outflow region of the right ve 
than at the apex. Only 2 of the 8 children cases wi 
extrasystoles had ventricular stimulation. Provoca 
measures such as multiple stimuli or burst ventri 
pacing might have uncovered more abnormali 
Ventricular tachycardia was reported after rep 
tetralogy of Fallot!? which used a reentry circuit : 
the margin of the ventriculotomy. Kavey et al 
that fewer patients in their series of cases of vent 
tachycardia had outflow patches. One may spe 
that the interposition of fabric may tend to inte 
a potential ventricular reentrant pathway. The di 
ence we observed in ventricular refractoriness ma 
potentially arrhythmogenic. Other potentially 
rhythmogenic factors such as prolonged effective 
fractory period, presence of dual atrioventricular ne 
pathways, and split His potentials (reported previ 
ly)!419 are of uncertain prognostic significance. In a 
dition, the large proportion of children in Group B 
had sinus rhythm and abnormal intracardiac con 
tion values may have latent conduction disease and \ 
require continued medical follow-up to deter 
whether impaired conduction or ventricular arrhyth 
appears.” we 
Despite the findings of other investigators that 
tricular extrasystoles were more frequent when ri 
ventricular hypertension persisted,’~® our data show n 
consistent relation. Two patients with impaired 
duction and 2 with ventricular extrasystoles had a 
ventricular systolic pressure >60 mm Hg, but t 
jority of patients with arrhythmia had good | 
namic results. Although a direct relation betwee 
rate of pacemaker depolarization and myoca 
stretch was demonstrated in vitro,” the present fin 
do not support a mechanical factor as the likely m 
anism in clinical cases of postoperative rhythm di 
bances. Furthermore, the reported series of ventricu 
tachycardia!?18.22 occurred in cases with no signifi 
residual pulmonary stenosis. The increase in vent i 
arrhythmias noted by James and co-workers 






























































idden death?-? may reflect the poor tolerance of pa- 
ients with impaired hemodynamic function to the 
irculatory effects of arrhythmias. Ventricular ectopic 
ythm or conduction impairment, residual hemody- 
amic stress, and myocardial injury may combine to 
ring about sudden death. Furthermore, the incidence 
entricular arrhythmia was increased in older pa- 
ients especially in those with tetralogy of Fallot fol- 
wed up 10 years or more,26%1022-24 suggesting a 
elation to late fibrosis in the myocardium. Recent 
nethods of myocardial preservation during surgery and 
he practice of operating at an earlier age may change 
1e future incidence of ventricular arrhythmias. 
_ Conclusions from these data are threefold: (1) chil- 
dren with evidence of Mobitz type I or II atrioventric- 
lar block usually have electrophysiologic abnormali- 
ties; (2) right ventricular hypertension or residual heart 
disease does not correlate well with the occurrence of 
rhythmias or with electrophysiologic abnormalities; 
3) a large number of children after repair of tetralogy 
f Fallot have conduction abnormalities and normal 
sinus rhythm. Although the arrhythmias and the elec- 
ophysiologic findings were well tolerated in this series 
nd in others,!5?3 a longer period of observation is 
ecessary before the prognostic significance of these 
ndings is known. 
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‘erminal Cardiac Electrical Activity in Pediatric Patients 


t IRISTINE KULL WALSH, MD and EHUD KRONGRAD, MD 


brillation (VF) isa Sagat reported 

electrical activity in adults. Such 

unavailable for pediatric patients. Terminal 

diac electrical activity determined in 100 pedi- 
ric patients was bradycardic arrest throughout the 
death process in 88% of newborns, 67 % of infants, 
ind 64% of children. Although bradycardic arrest 
as more common, the incidence of ventricular 
tachyarrhythmias was higher in patients who had 
congenital heart disease, who had received car- 


rdiac arrest is defined as the sudden cessation of 
liac output. The electrical phenomena associated 
h cardiac arrest include VF and bradycardic arrest. 
hi atter term refers to ventricular standstill or asys- 
in which mechanical and electrical activity have 
d, and to agonal rhythm, in which there are wide, 
arre ventricular complexes but no myocardial con- 
‘tions, palpable pulse, or heart sounds. Terminal 
‘diac electrical activity may differ with different pa- 
t populations. The most common cause of cardiac 
est associated with anesthetic induction and surgical 
cedures is asystole, probably precipitated by marked 
mulation.’ Medical and surgical patients ad- 
for cardiac disease and persons who die suddenly 
often die in VF.2“ The final mechanism of cardiac 
may be complex and may be affected by various 
events; such as electrolyte imbalance, meta- 
idosis, hypothermia, intrinsic cardiac electrical 
lities, intrinsic or drug-induced autonomic 
disturbances of central nervous system func- 
myocardial ischemia.*° 
‘ormation is available about the terminal elec- 
vents in children who die suddenly or who are 
„d to die. Indeed, reported studies of the terminal 
electrical activity in adults who die suddenly 
no relation to that in children who die sud- 
ho are expected to die. Therefore, this study 
ertaken to determine the types of terminal 
Hectzical activity that occur in nao 


ation of Mallene and Surgeons, Columbia University, New York, 
ow York. This work was supported in part by Grant HL 12738 from the 
‘Heart, Lung, and Blood Institute. ge cr received June 2, 


diopulmonary resuscitation, who wer 

neonatal period, and/or who weighed 

definite associations could be ished 
arterial blood gases, electrolyte values, a 
terminal cardiac electrical activity. The developm 
of VF may be related to cardiac mass and the d 
veloping autonomic nervous system and theref 
is less likely to occur in patients with a s 
heart. 


sociation with conditions that might facilitate h 
velopment of VF or bradycardic arrest, or both, s 
acid-base and electrolyte disturbances. 


Methods 


Patient population: The prospective study po 
included 100 hospitalized pediatric patients, 56 b 
girls, who died at Babies Hospital in New York (Tabl 
patients were divided into 3 age groups: 54 newborn in 
aged 1 to 28 days (median 3), 24 infants aged 28 da tol 
(median 3 months), and 22 children aged 1 to 18 years (medi 
6.6). 

In the newborn group, 18 patients (83%) hate congë tal 
heart disease and 17 patients (31%) had severe respira ry 
distress syndrome. Five patients had sepsis, 4 had intracran: 
hemorrhage, 3 had meconium aspiration, and 7 had. oth 
causes of death, Of the 54 newborns, 28 were prematui 
infant group contained 13 patients (54%) with congenital heart 
disease. Others had renal failure (3 patients), bronc 
monary dysplasia (2 patients), or various other causes of 
(6 patients). Fifteen (68%) of the 22 children had cong 
heart disease. Two patients died from Reye’s syndrome 
5 from different causes. Digitalis blood levels were not b- 
tained. No patient was receiving digitalis at the time of deat 
because patients dying from congenital heart disease eith 
had restricted pulmonary blood flow or were postopera 
Digitalis was routinely discontinued 2 days before surge 
postoperative congestive heart failure and low out. 
treated’ with pressor agents such as dopamine or is 
renol. 

Recording of terminal cardiac electrical ac 
1-lead (usually lead II) electrocardiogram was obtained 
cardiac monitors or portable recorders, or both. Record 
usually precipitated by deterioration of clinical statu 
an arrhythmia and was terminated with cessation of all ca 

electrical activity. The electrocardiographic recording 
continued throughout the entire death process and di 
cardiopulmonary resuscitation when applied. The durati 
of recordings was 20 to 90 minutes during resuscitati 
another 5 to15 minutes after bloga pressure, respit on 
pulke y were absent. 









atient Population 























Cause of Death N 
Newborns (1 to 28 Days) 

Congenital heart disease 18 
Respiratory distress syndrome 17 
Sepsis 5 
intracranial hemorrhage 4 

-= Meconium aspiration 3 
Miscellaneous 7 
Total 54 


Infants (28 Days to 1 Year) 


Congenital heart disease 13 
Renal failure 3 
Bronchopulmonary dysplasia 2 
Miscellaneous 6 

4 


Total 2 





Children (1 to 18 Years) 



























Congenital heart disease 15 
Reyes syndrome 2 
Miscellaneous 5 
Total 22 











Laboratory studies: The last arterial pH and partial 
pressure of oxygen and carbon dioxide values obtained in 
patients were recorded. These results were divided into 3 
groups: (1) those obtained <1 hour before death, (2) those 
obtained 1 to 4 hours before death, and (3) those obtained 4 
to 24 hours before death. The same classification was applied 
to the last. sodium, potassium, and chloride values. 
Statistical analysis: Statistical analysis of the data was 
performed using a chi-square test or Fisher’s exact test. 


Results 


Types of terminal cardiac electrical activity: Two 
basic types of terminal cardiac electrical activity were 
observed. In 1, bradycardic arrest occurred without 
ventricular tachyarrhythmia. Electrical activity in- 
cluded a gradual slowing of the heart rate with deteri- 
oration of AV conduction and QRS, S-T, and T wave 
onfiguration until complete cessation occurred. In the 
other, ventricular tachycardia or VF, or both, were 
yrominent. 
Figure 1 depicts bradycardic arrest which occurred 
hroughout the terminal electrical activity of a child who 
died from smoke inhalation. The sequence of electrical 
events was sinus tachycardia followed by ST-T wave 
changes increasing atrioventricular block with QRS and 
prolongation, and finally wide, bizarre QRS com- 
es at an extremely slow, irregular rate until com- 
standstill occurred. 
n the other type of observed terminal cardiac elec- 
activity, ventricular tachycardia or VF occurred 
ng the death process. The final electrical event was 
her bradycardic arrest or deteriorating VF until 
undstill. Figure 2 depicts recurrent VF in a 1 month 
Id infant with congenital heart disease. 
The terminal cardiac electrical activity in all 100 
tients is summarized in Figure 3. Bradycardic arrest 
as present throughout the death process in 78% of 
patients. Ventricular tachycardia or VF was seen during 








































ad bradycardic arrest as the final electrical event. Six 





minal electrical activity in 22 patients, 16 of whom 











FIGURE 1. Successive electrocardiograms of a 5-year-old child who 
died from smoke inhalation. A, sinus tachycardia at a rate of about 200 
beats/min. B, progressive sinus bradycardia with ST-T wave changes. 
C, atrioventricular dissociation with an idioventricular rhythm. D, a very 
slow terminal idioventricular rhythm with abnormally wide, bizarre QRS 
complexes. 


patients had deteriorating and unremitting VF asthe = 
final electrical activity in the death process. Pos 
Effect of age: Bradycardic arrest was the most fre- 
quent terminal cardiac electrical activity in all groups 
(Fig. 4). Of the 54 newborns, 88% had bradycardic arrest. 
throughout, whereas 67% of the 24 infants and 64% of 
the 22 children had this type of terminal activity. The oe 
difference in the terminal cardiac electrical activity of 
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FIGURE 2. Successive rhythm strips obtained during prölonged Càr- 





_ diopulmonary resuscitation ina 1-month-oid infant with cyanotic con. a.) 









genital heart disease. VF is evident in A. B, irregular ventricular con- 
tractions after cardioversion. The rhythm deteriorates to VF towards 
the:end of this strip. C, continuation of VF with cardiqversion Defib.) 
to asystole = 9 EE ae 








ZA Ventricular. Fibrillation 
- REEED Tochyorrhythmia. To Bradycardic’ Arrest 
(CU) Bradycardic Arrest 


GURE 3. Summary of the terminal cardiac electrical activity in 100 
nts. Bradycardic arrest occurred throughout the death process in 
78% of patients. Sixteen percent had episodes of ventricular tachy- 
ia or VF, with bradycardic arrest as the final electrical event. Un- 

VF was seen in 6%. 


rns versus that in older pediatric patients is sta- 
cally significant (p <0.01), but no significant dif- 
exists between the 2 older groups. Thus, 12% of 
orns and 35% of the combined older groups had 
icular tachyarrhythmias, suggesting an increased 
ency to develop ventricular tachyarrhythmias after 
whborn period. 
elation to patient weight: The relation of weight 
rminal cardiac activity also was examined. Because 
ies were performed in only a small number of 
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of congenital heart disease to terminal cardiac 
Although adycardic arrest was most common in 


‘ urred more frequently in 
isease than those with other diagnoses : 
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NUMBER OF PATIENTS 


28 DAYS- 1-18 YEARS. 
IYEAR 


1-28 DAYS 


FIGURE 4. Terminai cardiac electrical activity among newborns age 
<28 days, infants aged 28 days to 1 year, and children aged >1 year. 
Bradycardic arrest was the. most common pattern in all age groups 


children, cardiac mass could not be obtained directly 
Patients’ weight ranged from 630 g to 45 kg (median 3. 
kg). Ventricular tachycardia and VF did not occur in 
32 patients weighing <2.23 kg. Only 3 (9%) of t! 
patients had congenital heart disease. _ 

Relation to congenital heart disease: F ty: 
patients had congenital heart disease and 54 P 
had other terminal diseases (Fig. 5). Bradycardic : 
was the most common terminal cardiac elec al ac 
tivity, but ventricular tachyarrhythmias were 
35% of patients with and 11% of those without con 
ital heart disease. Three of the 6 patients with congen 
ital heart disease and VF died in the operating room. Ni 
patient without congenital heart disease had VF ast 
final cardiac electrical event. : 
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me Death Range Mean Range Mean Range Mean 
"Newborns (1 to 28 days) : 
ce Gwi 6.67-7.34 6.96 (8) 28-98 53 (6) 25-170 67 
1-4 6.94-7.42 7.17 (9) 22-74 ` 48 (9) 18-108 58 (7) 
7.01-7.36 7.18 (5) 38-95 64 (5) 21-44 37 (5) 
6.60-7.48 7.06 (6) 22-170 79 (6) 30-145 63 (6) 
6.99-7.58 7.37 (6) 29-72 43 (6) 49-86 69 (5) 
7.18-7.56 7.34 (6) 29-50 38 (6) 30-185 98 (6) 
7.42-7.52 0 7.29 (6) 27-60 41 (6) 35-161 69 (6) 
7.29-7.53 ‘ 7.41 (2) 28-53 41(2) 37-76 §7 (2) 
7.21-7.70 , 7.40 (6) 27-69 44 (6) 50-140 78 (6) 

























igures in parentheses represent number of values obtained. 


_ Relation to cardiopulmonary resuscitation: 
Among 56 patients who had cardiopulmonary resusci- 
ation, 64% died with bradycardic arrest, 25% had a 
ansient tachyarrhythmia, and 11% had VF as the 
_ terminal cardiac electrical activity (Fig. 6). In contrast, 
% of patients with end-stage terminal illness or brain 
leath who did not experience resuscitative efforts died 
vith bradycardic arrest. l 
Arterial blood gases and electrolytes: Arterial 
od gas and serum electrolyte values are given in 
bles II and IIL. No definite associations could bees- 
shed between pH, partial pressure of oxygen and 
‘bon dioxide, sodium, potassium, and chloride values 
and the type of terminal cardiac electrical activity. 
ntricular tachyarrhythmias were observed. infre- 
juently in acidotic patients, but because these patients 
vere most often neonates, this relation could not be 
eparated from the possible additive effects of age and 
eight 











y _ Discussion 

adycardic arrest was the most common terminal 
liac electrical activity in all pediatrie patients 
died irrespective of diagnosis, resuscitative efforts, 






lll Serum Electrolyte Values Before Death* 


pCQ2 and pO, = partial pressure of carbon dioxide and oxygen, respectively, 
















or acid-base and electrolyte status. No comparable data 
are available for terminal hospitalized adult patients. 
The data were most striking among newborns, 88% of — 
whom had bradycardic arrest as the terminal rhythm. 
The propensity to develop tachyarrhythmias in- 
creased with age. The percentage of patients dying from 
congenital heart disease also increased with age. Cardiac 
patients were 3 times more likely to have. tachyar- 
thythmias than were noncardiac patients (35 versus 11% 
of each group). In addition, deteriorating VF did not 
occur as the terminal cardiac electrical activity in an 
patient without congenital heart disease. Nevertheless 
when the noncardiac patients are considered by the: 
selves, the tendency to develop tachyarrhythmia 
creases with age (Fig. 7). Moreover, the same trend a 
is evident within cardiac patients after they are analyze 
alone. Therefore, age and not the mere presence of 
congenital heart disease appears to be a dominant factor _ 
in determining the propensity to develop a certain kind — 
of terminal electrical activity. e 
Our clinical observations support electrophysiologic: 
data suggesting that induction and maintenance of VE 
is related to cardiac mass and therefore less likely to 
occur in smaller hearts. In 1887, McWilliams® found 
that VF could exist more easily in larger hearts than — 
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NUMBER OF PATIENTS 


JRE 7. Terminal cardiac electrical activity in cardiac 
rsus noncardiac patients, in newborn, infant, and.child 
oups. The tendency to develop tachyarrhythmia. in- 
creased similarly with age in both cardiac and noncardiac 
patients. 


er ones. In 1914, Garrey’ showed that pieces of 
sclefrom a fibrillating left ventricle of a dog stopped 
g when the surface area was reduced to less 

2. When only one fourth of the ventricular 
mained, it too stopped fibrillating. If fibrillation 
difficult to initiate and maintain in the small 

yf young animals, the same may be true for the 
vely small heart of infants and children. The 
ossible effects of a critical cardiac.mass on the devel- 
nt of VF is most evident when the relation of 
o terminal cardiac electrical activity is investi- 
though ventricular tachyarrhythmias occurred 


role in the age-related changes in cardiac 
ies show that parasympathetic and 


are age-related changes in alpha- and beta- 
¢ responsiveness of the heart that may influ- 
currence of a particular arrhythmia. The late 
opment of. beta-adrenergic effects will cause a 
se in the VF threshold that would alter ventric- 
vulnerability to VF.1° The fact that alpha- and 
renergic activities are opposite in nature and 
chronously suggests that they may strongly 
mechanism and type of arrhythmia that 
e neonate, infant, or child. The early domi- 
the parasympathetic system and alpha-ad- 
ctivity may further explain why bradycardic 
he most common terminal cardiac electrical 
infants. Such consideration cannot be applied 
uration of the autonomic nervous system has 

en completed. 
trast to adult medical and surgical patients 


arrest as the ter- 


our patient popu- 
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often with congenital heart disease than with othe 
terminal diseases. The increased muscle mass and car 
diac hypertrophy associated with congenital heart dis 
ease may contribute to the increased tendency to de 
velop a terminal cardiac tachyarrhythmia. 

Many variables may contribute to the developmen 
of a certain type of terminal cardiac electrica 
ity.4-13 These abnormalities are seldom found i 
tion and their interrelationship is extremely co 
and cannot be ascertained: by clinical..obs 
alone. Nevertheless, terminal tachyarrhythmias wert 
seen more often in patients with congenital heart d 
ease and in those who received cardiopulm 
suscitation. Catecholamine administration 


suscitation. 
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ALAN B. GAZZANIGA, MD 


wo cases of successful dilatation of congenital 
;oarctation of the aorta using the Griintzig technique 
re reported. In a 3-week-old boy and an 11- 
onth-old girl, systolic gradients across the nar- 
‘owed areas were lowered from 50 to 8 mm Hg and 


The use of catheters to dilate vascular obstructions has 
ncreased since the original description by Dotter and 
udkins! in 1964. Coaxial dilatation was followed by the 
use of balloon-tipped catheters in 1973 and 1974.23 
_Grintzig and Hopff? reported their initial experience 
with coronary arterial dilatation in 50 patients in 1979. 
‘he same technique also has been used to dilate a con- 
triction in the distal abdominal aorta? and has been 
pplied to relief of stenosis of the renal artery in a 3- 
ear-old girl.6 These catheters have been used to dilate 
ificially created branch pulmonary arterial stenoses 
newborn lambs.’ This study describes the use of the 
rüntzig technique to dilate congenital coarctation of 
é aorta i ‘In 2 patients. 





Methods 


rüntzig dilatation catheter was inserted percuta- 
nto the femoral artery. This catheter has an inflatable 
mm in diameter and 2 cm in length. The catheter was 
cross the coarctation into the ascending aorta for 

sure recording and injection of contrast material through 
eend rile of the catheter (Fig. L and.2). The gradient across 
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Percutaneous Transluminal Angioplasty of Congenital 


DONALD R. SPERLING, MD, THOMAS J. DORSEY, MD, MARSHALL ROWEN, MD, and 


ddress f id R. Sperling, MD, f Cal : 
oe se Sperling MO, University of oom ioo tient suggests that the procedure ı may bv 


: completely i in some cases. 


























from 23.to 8 mm Hg. Although the femoral pulses 

later disappeared in the younger patient, surgery 
was avoided. The second patient’s gradient has 
remained minimal for 8 months and no surgery has 
been performed. eo 


the coarctation was measured Just before the balloons was ; 
placed across the area of narrowing (Fig. 3). The 2 radiopaque 

clips inherent in the catheter were used to delineate the limits. 
of the balloon for orientation. The balloon was inflated by ` 
hand over a 3-second period with half-strength Renografin® : 
to 75 Ib/in? measured with use of a gauge. Full inflation time 
was 10 seconds and deflation- time was 3 seconds. This was 
repeated 3 times over a 10 to 15 minute period. Postdilatation 
angiograms and pressure measurements were obtained (Fig. 8 
2, 3, and 4). No complications occurred during or after. the ce 
procedure, ee 


Comments 


The 2 patients described in Table Land Piewses 1 to 
5 clearly demonstrate that acute dilatation of coarci 
tion of the aorta is possible. Whether relief 
striction will persist is unknown, although th 
differential by cuff measurement has rem. 
creased for 5 and 8 months, respectively, after th 
cedure i in these patients. The absence of femoral | 


sisting or recurrent obstruction in Patient 1, but ¢ e 
surgery was avoided. Dilatation in the moribünd.: neo- 
nate with acute congestive heart failure secondary to the 
coarctation syndrome in conjunction with prostaglandin 
E? also is to be considered and may avoid early ¢ coare- 
tation surgery. The 8-month success in our second | 
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FIGURE 1. Patient 1. Aortogram demonstrating short narrowed segment 
distal to the subclavian artery. 





FIGURE 2. Patient 2. Aortograms before (left) and after (right) dilata- 
i tion. 
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FIGURE 3. Pressure measurements before (left) and after P 


ý (right) dilatation. PATIENT #2 
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t 
ng 3 ; FIGURE 5. Patient 1. Dilatation sequence during inflation (left). Note 4 
FidurE 4. Patient 1. Postdilatation aortogram. coarctation indentation. Full inflation (right). 
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Cardiac Catheterizatio ion 
Pressure (mm 
“Above : 
“Coarctation 


Coarctation 


Cuff Blood Pressure (mm Ho) 


low Femoral 
; “Right Arm Leftteg = 


Pulses 





124/68 
122/72 

98/60 

89/53 





se of balloon dilatation of other congenital heart 
conditions must be considered. Postsurgical applica- 


s may be dilatation of a narrowed Blalock-Taussig; 


unt or a narrowed aorta after coarctectomy or patch 
-angioplasty.? Artificially created peripheral pulmonary 
noses have been relieved in lambs’; perhaps this will 













an anomalous pulmonary vein is a potential appli- 
tion. Dilatation of isolated pulmonary valvular ste- 
is 01 the pulmonary valve in tetralogy of Fallot are 
ntial applications of this procedure. 
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Transderm: Nitro 
nitroglycerin 


Exclusive 

rate-controlling membrane 
delivers hour-by-hour 
precision dosage 

e Specially designed copolymer mem- 


| 
brane governs, and limits, rate at which | 
drug diffuses from the system to the skin. | 














e Similar to an intravenous infusion, | AN á P 
Transderm-Nitro delivers medication ata | , 
constant rate. (actual size) 


e Patients are protected against extremely | 
high concentrations being reached even | 
where skin is unusually permeable. | 
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impermeable water-resistant 
backing layer 


nitroglycerin reservoir. 


rate-controlling membrane 


hypoallergenic contact 
adhesive 

Contains an initial dose of 
medication to saturate skin- 
binding sites so that absorp- 
tion begins immediately 








Precision dosage system 
assures 24-hour angina protection 





Steady, sustained System is simple An advance 

24-hour nitroglycerin and easy to use beyond tablets and 

levels e Every 24 hours the old system ointments 

» Constant protection against is removed andthe newone e 24-hour sustained therapeutic 
angina attacks assured by applied. blood levels of nitroglycerin 
uninterrupted plasma concen- e Therapeutic effect can be ; 

i i in: ; : e Precise dosage control 
trations of nitroglycerin: anticipated 30 minutes after 9 
Transderm-Nitro 5 rated to application and maintained for * Ease of administration ... avoids 

‘release 5 mg/24 hours; 30 minutes following removal. mess and inconvenience of 
Transderm-Nitro 10 rated to ! ointments 
release 10 mg/24 hours. e Can be applied anywhere on 
Bvbicatatio. ti : the body except the distal * Once-a-day dosage to 
Orthostatic hypotension may extremities. enhance compliance 
indicate nitroglycerin over- 
dosage; reduce dosage if e May be worn while swimming, 
symptoms occur. Nitrates are bathing and showering 


contraindicated in patients with 
ncreased intraocular pressure. 
Withdrawal should be gradual if 
treatment is terminated. Do not 
apply to distal parts of the arms 
and legs. 
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First ae ret in this study was taken tAfter 24 hours, system is removed and a 


= However, a therapeutic effect new one is applied to another site. Renewal 











be anticipated 30 minutes after of the system does not result in any signif- 
plication of the system, and will be icant alteration in the plasma levels, as 
maintained for 30 minutes after its removal. long as the change is made without delay. C I B A 


P For full details, please see the prescribing information on the next page 






Transderm:Nitro nitroglycerin 


—— 


System can be applied anywhere 
except distal extremities. 

Doesn't compromise daily 
activities. 


Transderm®-Nitro 
(nitroglycerin) 
Transdermal Therapeutic System 


— 


DESCRIPTION 

Transderm-Nitro (nitroglycerin) transdermal 
therapeutic system is a flat unit designed to 
provide controlled release of nitroglycerin 
through a semipermeable membrane con- 
tinuously for 24 hours following application 
to intact skin. Nitroglycerin (glyceryl tri- 
nitrate) is a prompt-acting vasodilator for 
the relief and prevention of anginal attacks 
Systems are rated to release in vivo 5 and 
10 mg nitroglycerin over 24 hours and are in 
sizes of 10 and 20 cm? respectively, 


One-fifth of the total nitroglycerin in the 
system is delivered transdermally to the 
patient over 24 hours; the remainder serves 
as the thermodynamic energy source to 
release the drug and remains in the system 
The rated release of drug is dependent 
upon the area of the system; 0.5 mg 
nitroglycerin is delivered in vivo for every 
cm? of system size 


The Transderm-Nitro system comprises 

four layers as shown below. Proceeding from 
the visible surface toward the surface 
attached to the skin, these layers are: 1) a 
tan-colored backing layer (aluminized plas- 
tic) that is impermeable to nitroglycerin; 

2) a drug reservoir containing nitroglycerin 


adsorbed on lactose, colloidal silicon dioxide, 


and silicone medical fluid; 3) an ethylene/ 
vinyl acetate copolymer membrane that is 
permeable to nitroglycerin; and 4) a layer of 
hypoallergenic silicone adhesive. Prior to 
use, a protective peel strip is removed from 
the adhesive surface 


Cross section of the system 


Backing 
Drug Reservow 
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Adheswe 

Protective Pee! Sinp 





ACTIONS 

When the Transderm-Nitro system is ap- 
plied to the skin, nitroglycerin is absorbed 
continuously through the skin into the sys- 
temic circulation, This results in active drug 
reaching the target organs (heart, extrem- 
ities) before being inactivated by the liver. 
Nitroglycerin is a smooth muscle relaxant 
with vascular effects manifested predomi- 
nantly by venous dilatation and pooling 
The major beneficial effect of nitrogiycerin 
in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to 
vascular smooth muscle relaxation and 
consequent reduced cardiac preload and 
afterload. In recent years there has been an 
increasing recognition of a direct vasodila- 
tor effect of nitroglycerin on the coronary 
vessels. 


In clinical studies transdermal absorption of 
nitroglycerin from a nitroglycerin system 
occurred in a continuous and well-controlled 
manner, for a minimum of 24 hours. Thera- 
peutic effect can be anticipated 30 minutes 
after application of the system and to be 
maintained for 30 minutes after its removal 


INDICATIONS AND USAGE 
Transderm-Nitro system is indicated for the 
prevention and treatment of angina pectoris 
due to coronary artery disease 


CONTRAINDICATIONS 

ntolerance of organic nitrate drugs, 
marked anemia, increased intraocular pres- 
sure or increased intracranial pressure 


WARNINGS 

n patients with acute myocardial infarction 
or congestive heart failure, Transderm-Nitro 
system should be used under careful clini- 
cal and/or hemodynamic monitoring 





n terminating treatment of anginal patients, 
both the dosage and frequency of applica- 
tion must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden 
withdrawal reactions, which are characteris- 
tic of all vasodilators in the nitroglycerin 
class 


PRECAUTIONS 

Symptoms of hypotension, such as faint- 
ness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to 
overdosage. When these symptoms occur, 
the dosage should be reduced or use of the 
product discontinued 


Transderm-Nitro system is not intended for 
immediate relief of anginal attacks. For this 
purpose occasional use of the sublingual 
preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common 
side effect, especially when higher doses 

of the drug are used. These headaches 
should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When 
such headaches are unresponsive to treat- 
ment, the nitroglycerin dosage should be 
reduced or use of the product discontinued 


Adverse reactions reported less frequently 
include hypotension, increased heart rate, 
faintness, flushing, dizziness, nausea, 
vomiting, and dermatitis. These symptoms 
are attributable to the known pharmaco- 
logic effects of nitroglycerin, but may be 
symptoms of overdosage. When they per- 
sist the dose should be reduced or use of 
the product discontinued 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application 
of one Transderm-Nitro 5 system to the 
desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with 
system adhesion or removal, it can be 
clipped prior to placement of the system 
Each system is designed to remain in place 
for 24 hours, and each successive applica- 


Once-a-day, 24-hour protection against angina attack 


tion should be to a different skin area 
Transderm-Nitro system should not be ap- 
plied to the distal parts of the extremities 


The usual dosage is one Transderm-Nitro 5 
system every 24 hours. Some patients. 
however, may require the Transderm-Nitro 10 
system. If a single Transderm-Nitro 5 system 
fails to provide adequate clinical response, 
the patient should be instructed to remove 

it and apply either two Transderm-Nitro 5 
systems or one Transderm-Nitro 10 system 
More systems may be added as indicated 
by continued careful monitoring of clinical 
response 


The optimal dosage should be selected 
based upon the Clinical response, side 
effects, and the effects of therapy upon 
blood pressure. The greatest attainable 
decrease in resting blood pressure that is 
not associated with clinical symptoms of 
hypotension. especially during orthostasis. 
indicates the optimal dosage. To decrease 
adverse reactions, the size and/or number 
of systems should be tailored to the individ- 
ual patient's needs 


Do not store above 86°F (30°C) 


PATIENT INSTRUCTIONS FOR 
APPLICATIONS 

A patient leaflet is supplied with the 
systems. 


HOW SUPPLIED 
Transderm- 
Nitro 
System Rated Total 
Release Nitroglycerin System Carton 
in vivo in System Size Size 
5mg/24hr 25mg 10cm? 30 Systems 
(NDC 0083- 
2105-26) 
5 mg/24 hr 25 mg 10cm? 7 Systems 
(NDC 0083- 
2105-07) 
10 mg/24hr 50 mg 20cm? 30 Systems 
(NDC 0083- 
2110-26) 
C82-16 (3/82) 
Dist. by 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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_ MISCELLANEOUS TOPICS _ 


u | bepicardial Adipose Tissue Producing Echocardiographic 
earance of Pericardial Effusion 











t - by Computed Tomography and Necropsy 








_ JEFFREY M. ISNER, MD, BARBARA L. CARTER, MD, WILLIAM C. ROBERTS, MD, and 


. MARK S. BANKOFF, MD 


isolated antodor poho-tiee. space is generally 
rded as a false-positive echocardiographic 
ding for pericardial effusion. Even when an an- 
echo-free space is accompanied by a poste- 
sho-free space, the echo-free spaces have 
en occasionally reported to be falsely positive for 

__ pericardial effusion, principally in patients with 
-Cardiac neoplasms. The basis for these findings has 








resence by cardiac ultrasound of an anterior 
cho ee space in the absence of a posterior echo-free 
represents a combination of findings known to 
, but seldom indicate, a pericardial effusion.) 
hough speculated to result from subepicardial adi- 
e tissue, 34 an isolated anterior echo-free space has 
lever been established with certainty to result from 
epicardial fat. The present report documents by 
ropsy examination in 1 patient and computed to- 
graphic imaging of the chest in 2 other patients that 

picardial adipose tissue is the basis for the finding 
of an isolated anterior echo-free space. Furthermore, 
necropsy findings and results of computed tomography 
additional patients suggest that subepicardial ad- 
is the basis for echocardiograms previously 
as being falsely positive for pericardial effusion 
nts ha cardiac neoplasm. 
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diagnosing: pericardial effusion involved an iso 


never been ‘adequately explained. In the presen 
study, evaluation by computed tomographic imaging 
or necropsy examination of 5 patients in whom ther: 
was either an anterior or posterior echo-free spac 
or both demonstrated that subepicardial adipos 
tissue is the #chocardiographic imitator of pericar 
dial effusion. 


Methods | 


‘Computed tomographici imaging of the chest was per- 
formed on a Siemen’s Somatom-2 whole body scanner that 
utilizes a rotating gantry. A complete section scan wi 
thickness of 8 mm was performed in 5 seconds using 1 

and 46 mA. At least 2 separate windows of varying con 
were viewed at each level. The scale for transpare: 








"= ,000 Hounsfield Units (HU) for air, 0 for water, and + 
HU for bone; the attenuation coefficient for any given site 


determined by multiple cursor sampling. 

M-mode echocardiography was performed on 
Smith-Kline or Unirad ultrasonoscope with a 2.55 
transducer. Particular care was taken to prevent directing t 





‘ultrasonic beam too far medially. A switched-gain (“dam 
ing”) mechanism® was used to evaluate the pericar 





in each patient. Two-dimensional real-time echocar 
was performed with either a mechanical (Hoffre 
phased array (Hewlett- Packard) sector scanner, 
- Pertinent clinical and necropsy findings i in the 
are summarized in Table I and in Figures Lto 6. 


Discussion 


Although the finding of an echo-free space posterior 
to the left ventricular free wall has come to represent the 
echocardiographic sine qua non for pericardial effusi 
the initial description of the use of ultrasoun 








fı ee space anterior to the right 
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Clinical and Necropsy Findings in 5 Patients With Echo-Free Spaces Due to Fat 


TABLE | 


Echo-Free Space 


Necropsy Findings 


Results of Computed Tomography 


Posterior 


Anterior 


Peri Fluid Heart Wt 


Post Fat 


Ant Fat 


Pericardium 


Prednisone 
Therapy M-Mode 2D M-Mode 2D AntFat Post Fat 


Wt Ht 
(kg) (cm) 


Age (yr) 
& Sex 


Pt 


440 


0 
0 


++1 1 


oo+o4+ 


+++4++ 


o+oo+ 


PO CEERI) 


patient; Sm = small; 


posterior; Pt 


male; NI = normal; Peri = pericardial; Post = 


height; M = 


absent; — = not done; Ant = anterior; F = female; Ht 


+ = present; 0 
Wt = weight. 





FIGURE 1. M-mode echocardiogram from Patient 1 shows an isolated 
anterior echo-free space (Ant EFS) anterior to the right ventricular free 
wall (RVFW). Chest computed tomogram shows that the echo-free 
space is due to subepicardial fat interposed between the pericardium 
(Peri) and right ventricle (RV). AML = anterior mitral leaflet; Ant = an- 
terior; Ao = aorta; ecg = electrocardiogram; L = left; LVFW = left 
ventricular free wall; Post = posterior; R = right; VS = ventricular 
septum. 


wall.® Subsequently, Feigenbaum et al7-8 demonstrated 
that the extent of pericardial fluid accumulation must 
be quite large before an anterior echo-free space is ob- 
served, so that it is nearly always associated with a 
posterior echo-free space. In fact, an anterior echo-free 
space in the absence of a posterior echo-free space was 
one of the earliest patterns to be recognized as a false- 
positive finding in the echocardiographic diagnosis of 
pericardial effusion.! 

Horowitz et al? suggested that such an isolated an- 
terior echo-free space might result from either fibrous 
tissue or lung interposed between the heart and anterior 
chest wall. Teichholz? suggested that in addition to 
connective tissue and lung, adipose tissue might be re- 
sponsible for separating the anterior wall of the right 
ventricle from the chest wall. Feigenbaum? agreed that 
epicardial fat was the most likely basis for the finding 
of an anterior echo-free space. While the adm Byxgegans 
of these and other investigators established tha 
finding of (1) an anterior echo-free space in the absence 
of a posterior echo-free space is an inadequate diag- 
nostic criterion for the presence of a pericardial effusion, 
and (2) that the basis for such an isolated anterior 
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FIGURE 2. Patient 2. The anterior Shi tine | space on an M-mode echocardiogram was due to extensive subepicardial adipose tissue, greater over 
the anterior right ventricle (RV) than the posterior left ventricle (LV). AML = anterior mitral leaflet; Ant EFS = anterior echo-free space; ecg = 
electrocardiogram; Endo = endocardium; OMI = old myocardial infarction; VS = ventricular septum. 








FIGURE 3. M-mode sisoceldodian (top panel) from Patient 3 shows 
anterior (Ant) and posterior (Post) echo-free space (EFS). A “sweep” 

from left ventricle to left atrium showed no echo-free space posterior 
to the left atrium. At necropsy, gross examination of the heart (bottom 
left panel) disclosed no pericardial fluid. Instead, extensive subepicardial 







nterposed between underlying myocardium and metastatic 
hogenic carcinoma. The latter encased the heart in a nearly cir- 
cumferential manner, Photomicrograph (bottom right panel) shows 
tumor, fat, and underlying myocardium (Myo). (Movat's pentachrome 
stain; original magnification X 6), reduced 38%. ecg = electrocardi- 
ogram; LV = left ventricle; MV = mitral valve; RV = right ventricle; VS 
= ventricular septum. 


echo-free space was likely to be epicardial fat, docu- 
mentation of the latter has not been previously estab- 
lished. The present study establishes by computed to- 
mographic imaging and necropsy examination that the 
isolated anterior echo-free space is in fact due to the 
anterior epicardial fat. 
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FIGURE 4. Hemodynamic recordings from Patient 3. The mean right 
atrial (RA), right ventricular (RV) end-diastolic, and mean pulmonary 
capillary wedge (PCWP) pressures are equal. The RA phasic trace (top 
left) has an M-shaped contour with a steep y descent. The RV pressure 
contour has an initial dip, followed by a short end-diastolic (ed) plateau. 
These hemodynamic findings documented constrictive/restrictive 
physiology secondary to tumor encasement of the heart. ecg = elec- 
trocardiogram. 
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FIGURE 5. M-mode echo and computed tomographic scan from Patient 4. The M-mode echocardiogram shows an anterior relatively echo-free 
space (Ant EFS). Chest computed tomogram shows this to be due to fat underlying the pericardium (Peri); the pericardium itself is thickened by 
presumed metastatic bronchogenic carcinoma. The posterior echo-free space was related to the pleural effusion (Pleural Eff) seen on computed 
tomography. Ant = anterior; ecg = electrocardiogram; L = left; MV = mitral valve; Post = posterior; R = right; RVFW = right ventricular free wall; 


VS = ventricular septum. 


The amount of subepicardial fat generally increases 
with age.!° These deposits are characteristically most 
extensive over the anterior portion of the heart—in 
contrast to the posterior heart—a fact which explains 
the propensity for extensive subepicardial fat to pro- 
duce an anterior echo-free space in the absence of a 
posterior echo-free space. While the extent of the fat 
is not necessarily related to the adipose content of other 
body tissues, the extent of subepicardial fat tends to be 
greater in obese individuals; 4 of our 5 patients were in 


fact obese (Table I). Endogenous or exogenous steroid’ 


excess (for example, long-term administration of 
high-dose steroid therapy) constitutes another setting 
in which an increased amount of subepicardial fat is 
commonly seen.!! This factor may have played a role in 
the excessive amount of subepicardial adipose tissue in 
Patients 2 and 5 (Table I). 

The unique capabilty of computed tomography to 
identify relative tissue density makes this diagnostic 
technique ideal for determining the basis of relatively 
sonolucent spaces visualized by cardiac ultrasound.!2 

The relatively low attenuation coefficient of fat (—60 
to —100 HU) established with certainty that the isolated 
anterior echo-free space in Patients 1 and 5 was due to 
subepicardial fat. A similar echocardiographic finding 
in Patient 2 was confirmed at necropsy. Although nec- 
ropsy examination in the latter patient was performed 
over 1 year after the last M-mode echocardiogram, the 
absence of any posterior echo-free space on any of the 
multiple echocardiograms recorded and the finding at 
necropsy of normal visceral and parietal pericardia 
suggest that the anterior echo-free space resulted from 
the excessive amount of fat seen at necropsy rather than 
a transient pericardial effusion. In Patients 1, 2, and 5, 
the characteristically greater distribution of fat over the 

anterior, as opposed to the posterior, surface of the heart 
resulted in an isolated anterior echo-free space by car- 


diac ultrasound. In Patients 2 and 5, a small amount of 
posteriorly located fat appeared to result in a small 
posterior echo-free sliver with the boundary lines 
moving in parallel during systole and diastole. The 
finding of an anterior echo-free space that is out of 
proportion to an associated posterior echo-free space 
is therefore a valuable clue to the possibility that such 
echo-free spaces represent fat rather than fluid. 

In contrast to the finding of an isolated anterior 
echo-free space, the finding of an isolated posterior 
echo-free space, provided it persists through ventricular 
diastole as well as systole, has been shown to be a reli- 
able indicator of pericardial effusion.2 As mentioned 
above, the finding of an anterior echo-free space in 
combination with a posterior echo-free space generally 
indicates a large effusion.?:75 Even in the situation in 
which both an anterior and posterior echo-free space are 
observed together, however, echocardiograms may be 
falsely positive for a pericardial effusion, particularly 
as the result of a cardiac neoplasm.!3—!6 The explanation 
for this association is poorly understood. In the patient 
reported by Lin et al,!® the false-positive echo-free space 
seen anteriorly and posteriorly was attributed to the 
type of neoplasm encasing the heart (angiosarcoma with 
a rich vascular component). Millman et al!? described 
3 patients with metastatic carcinoma or lymphoma in 
whom a sonolucent space posterior to the left ventricle 
was unassociated with pericardial effusion at operation 
or necropsy. These authors also attributed the echo-free 
space to the neoplasm itself, suggesting that the acoustic 
impedence of the neoplasm might be the same as that 
of pericardial fluid. Come et al!® reported 3 p™i 
with metastatic tumor involving the pericardium. 
3 had a posterior echo-free space and 2 had both ante- 
rior and posterior echo-free spaces. In 1 patient, a 62- 
year-old man with lymphoma encasing the heart in 
whom there was both an anterior and posterior echo- 








FIGURE 6. M-mode echocardiogram and computed tomographic scan 
from Patient 5. a and b, M-mode echocardiograms at 2 different gain 
settings each show an% anterior (Ant) relatively echo-free space (EFS) 
anterior to the right ventricular free wall (RVFW). c, M-mode echocar- 
diographic ‘‘sweép”’ from the left ventricular free wall (LVFW) to the 
left atrium (LA) shows a small posterior (Post) echo-free space in ad- 
dition to an anterior echo-free space. d, computed tomographic scan 
shows that an anterior space on the M-mode echocardiogram is due 
to extensive subepicardial fat anterior to the right ventricle (RV), while 
a small posterior echo-free space is due to a small amount of fat pos- 
terolateral to the left ventricle (LV). AML = anterior mitral leaflet; Ao 
= aorta; ecg = electrocardiogram; L = left; Peri = pericardium; R = 
right; VS = ventricular septum. 


free space, “. .. the epicardial fat pad was seen to lie 
several centimeters within the anterior heart border on 
ral film.” In a second patient with metastatic 
mous cell carcinoma, the posterior echo-free space 
“_. was seen only at the junction of the left atrium and 
left ventricle ...,” that is, the atrioventricular sulcus 
where deposits of adipose tissue are generally exten- 
sive. 
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Necropsy findings and examination by computed 
tomographic imaging in Patients 3 and 4, respectively, 
demonstrate that subepicardial fat is the basis for the 
ability of neoplasms encasing the heart to simulate 
pericardial effusion on cardiac ultrasound. In Patient 
3, generalized obesity was associated with extensive 
subepicardial fat that completely encased the heart, 
before superimposed encasement by metastatic bron- 
chogenic carcinoma. The nearly circumferential de- 
posits of subepicardial adipose tissue and the oblitera- 
tion of the nonfluid filled pericardial cavity at necropsy 
demonstrate that fat was the basis for the echo-free 
space on this patient’s echocardiogram. The tumor in 
this patient further simulated pericardial heart disease 
by causing physiologic constriction, a finding observed 
previously in patients with cardiac encasement by 
metastatic neoplasm.!4 In Patient 4, the capability of 
computed tomography to accurately identify tissue 
density again demonstrated that subepicardial adipose 
tissue interposed between encasing metastatic bron- 
chogenic carcinoma and underlying myocardium was 
the basis for the echo-free space in this patient’s M- 
mode and 2-dimensional echocardiograms. 

Finally, the results of this computed tomographic and 
necropsy study suggest that caution must be observed 
in evaluating relatively sonolucent spaces in elderly 
obese patients who have no clinical evidence of peri- 
cardial heart disease. Findings in Patients 1, 4, and 5 
also underscore the utility of computed tomography in 
clarifying the basis of an apparent echo-free space on 
cardiac ultrasound examination in patients in whom the 
finding is either unexpected or contrary to available 
clinical information. 
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E cercise-Induced Cardiac Dysfunction in Sickle Cell Anemia o 


. Radionuclide Study 


NESLEY COVITZ, MD, CASIMIR EUBIG, PhD, 
2AJINDER JERATH, BS, BRUCE S. ALPERT, MD, WILLIAM B. STRONG, MD, and 
OBERT H. DuRANT, MA, With the technical assistance of BONNIE G. HADDEN 








diac performance was studied by radionuclide 
giography at rest and during exercise in 22 ado- 
lescents with sickle cell ( SC) anemia and the results 
vere compared with those in 12 control subjects. 
\t rest, cardiac contractility was normal; cardiac 
utput and end-diastolic volume were increased. At 
maximal exercise, heart rate, cardiac output re- 
sponse, and work capacity were reduced; the re- 
uction was related to the degree of anemia. Left 
entricular end-diastolic volume decreased with 
xercise most markedly in patients with ischemic 
xercise electrocardiograms. An abnormal ejection 
raction response to exercise occurred in 4 patients; 
ectrocardiographic signs of ischemia developed 


























Sickie cell anemia is associated with cardiomegaly,! left 
_ventricular hypertrophy,” and decreased work capacity. 
vontroversy exists as to whether there is a specific 
athologic process involving the myocardium which is 
ociated with SC anemia. Despite pathologic data 
ich suggest that there is no myocardial abnormality 
cific for SC disease,‘ there is mounting evidence of 
unctional abnormality. Rees et al found decreased 
ventricular contractility with echocardiography in 
e third of children tested. Alpert et al? demonstrated 
hemic electrocardiographic response in 15% of SC 
mts undergoing exercise testing. Cardiac dys- 
ion secondary to hemosiderosis has been demon- 
trated in thalassemic patients,® but no study of cardiac 
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in all 4, and wall motion abnormalities in 2. Those 
patients who had electrocardiographic signs of — 
ischemia had a significantly lower heart rate, — 
ejection fraction, and cardiac output response to 
exercise, and a lower hematocrit level than subjects —_ 
with normal results on exercise electrocardiography. __ 
The increase in cardiac output was not sufficientto 
maintain a normal level of exercise. The decrease 
in end-diastolic volume suggests that diastolic —__ 
function was abnormal during exercise. Cardiac - 
dysfunction was manifested by an abnormal ejection 
fraction response, wall motion abnormalities, and _ 
incomplete left ventricular filling during exercise. 

















function has been reported for a large group of children 
with other types of anemia for comparison with the SC 
population. This study was undertaken to furt 
characterize the functional abnormality seen in i childre 
and young adults with SC anemia. — . 


Methods 


Eleven male and 11 female adolescents and young adı 
with homozygous SC anemia were studied. Their ages ran; 
from 10 to 22: years (mean 15.3). No patient had hada 
or transfusion in the 3 weeks before testing. Exercise 
without radionuclide evaluation had been performe: 
past in 21 of 22. Eleven patients had previously abnor 
equivocal exercise electrocardiogram findings’; 10 had norm 
exercise electrocardiographic results previously. The patient 
who had not been exercised had an atrial septal defect and left: 
ventricular aneurysm in addition to SC anemia. Theaqurrent 
study was performed 5 to 6 years after the initial exercis : 
in 17 patients and 1 year‘after in 4 (Table D. 

Extensive data are available from our laboratory for phys- 








dren.’ Radionuclide measurements for 
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TABLE! Serial Exercise Data* 


Maximal Heart Rate (beats/min) 


Patient 1975 1980 1981 1975 
1 184 178 ae 6.6 
2 170 153 as 14.0 
3 SA 150 E 
4 180 180 10.3 
5 195 170 9.8 
6 190 168 10.1 
7 144 135 4.3 
8 150 155 10.4 
9 180 173 12.9 

10 178 173 8.3 
11 200 205 ata 22.3 
12 163 Sok 170 8.0 
13 190 4th 190 13.6 
14 180 mat 190 6.4 
15 173 Bie 163 11.8 
16 190 eae 173 11.0 
17 Jae 175 170 AS 
18 182 yy 180 10.3 
19 Hes 160 160 Kat 
20 ERA 175 180 ne 
21 179 ie 175 13.0 
22 te 159 140 


Work Capacity (kg-m/min/kg) 


FTIR ROS FSET Hy ENEI NE . y 
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Exercise ECG Results 


1980 1981 1975 1980 1981 
10.2 AE B B aiie 
12.8 Naa A A ni 
5.3 tae Bae A ps 
9.2 Be B N aon 
8.3 site N N Ser 
9.0 ee A N sie 
4.3 ie A A eee 
8.4 i B N ian 
8.3 rae N N ee 
TA uae A A Pan 
11.8 oe B N Sei. 
feat TA N dies N 
ware 10.8 B has N 
Hake 8.6 A AR N 
ie 4 10.5 N ee N 
Ji 11.0 B sate N 
14.0 12.9 ora N N 
Ki 8.1 N na N 
10.7 12.9 n N N 
7.8 Ta em N N 
“f 8.8 N Fir N 

0 6.7 me N A 


* The earlier study is the nonradionuclide exercise test. 


A = abnormal; B = borderline; ECG = electrocardiographic; N = normal. 


this reason normal values were established for our laboratory. 
The control group included 12 adolescents referred to cardiac 
catheterization. The diagnoses included chest pain of unde- 
termined cause, postoperative study after repair of a con- 
genital heart defect, and mild valvular stenosis or insuffi- 
ciency. All children were demonstrated to have normal left 
ventricular function at catheterization and had normal ex- 
ercise test results. Six were black and 6 were white. No sig- 
nificant differences were noted in radionuclide measurements 
by race. 

A continuous, graded nuclear stress test was performed 
with the subject sitting on a mechanically braked cycle er- 
gometer (Monarch). Patients pedaled against a constant re- 
sistance during 3-minute stages, maintaining a speed of 60 to 
70 rpm. Work loads were based by weight on those expected 
of normal subjects as described by Strong et al.” Subjects 
weighing <30 kg performed work loads of 75, 150, and 300 
kg-m/min if they completed stages I to III, respectively. Those 
subjects weighing 30 to 40 kg performed work loads of 150, 300, 
and 450 kg-m/min. The larger subjects weighing 41 to 60 kg 
performed work loads of 300, 450, and 600 kg-m/min. Patients 
were exercised to exhaustion. Leads V5, V1, and aVF were 
monitored continuously. Myocardial ischemia was assessed 
by use of the P-R isoelectric line because of the low incidence 
of false-positive results with this method in previous studies 
on healthy black children.’ A definitely ischemic test consisted 
of a downsloping S-T segment during the initial 60 to 80 ms 
with or without J-point depression, or a flat S-T segment (zero 
slope) with J-point depression. A borderline ischemic test 
consisted of a flat S-T segment without J-point depression, 
or an upsloping S-T with J-point depression. One test was 
interrupted (Patient 22) due to concern about the subject’s 
condition. She had 2 mm J-point depression at the time in lead 
V;, at agwork load nearly equal to the maximal work performed 
g a previous exercise test. 
adionuclide studies were performed’ with a portable 
gamma camera (Technicare Sigma 420), interfaced with a 
portable computer (Medical Data Systems). A Brattle phys- 
iologic gate was used to trigger the system. Gated equilibrium 
radionuclide studies (MUGX) were performed at rest and 






. 


FIGURE 1. The adjustable wedge mold and harness permits appropriate 
positioning of the gamma camera and eliminates patient-detector 
motion. The mold is a plastic pillow filled with polystyrene beads which 
becomes hard in the molded configuration when a vacuum is applied. 
Three straps form the harness. 
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i stage. 
“was” administered 
travenously just before positioning the patient on the bicycle 
pproximately 20 minutes before exercise). A high sensitivity, 
arallel hole collimator was placed within 2 cm of the chest 
all. Zoom mode was not utilized. The patients were main- 
ined i in the proper left anterior obliquity (where the colli- 
ator was perpendicular to the interventricular septum), and 
otion was eliminated by using an adjustable wedge mold and 
ness (Fig. 1). Previous studies i in our laboratory using ra- 
aque markers on exercising volunteers confirmed the 
ation of motion with this device.? Left ventricular areas 
ackground were automatically selected with the MUGX 
gram.'° This method was successfully applied to 96% of 
ection fraction measurements. Ejection fraction and end- 
astolic counts were determined at rest and during each ex- 
-ercise stage. Changes in end-diastolic counts from rest were 
assumed to reflect changes in ventricular volume, and changes 
. counts. ejected/minute to reflect changes in.cardiac out- 
ut.!! Cardiac cycles were divided into 14 frames. Count rates 
ere adjusted to take into account varying times/frame and 
umber of cycles processed as heart rate increased. Left 
ntricular end-diastolic volume and cardiac index at rest 
are expressed i as unity, and volume and output during ex- 
cise were expressed as multiples: of resting values. Wall 
motion abnormalities were detected by viewing the cinean- 
ographic format of the equilibrium studies in. a blinded 
shion without. knowledge of the ejection fraction data and 
subsequently by overlaying edge images from end-systole and 
end-diastole.. 
M-mode echocardiograms were obtained with an Irex 
hocardiograph just before exercise to assess left ventricular 
lume. Standard echocardiographic techniques were used.!” 
ft ventricular volume was calculated from the end-diastolic 
mension as described by Meyer et al.1? Values derived from 
echocardiograms were compared with those performed in our 
laboratory of healthy black children of comparable body 
purine area. 































` Statistical analysis: Selected e exercise vand ] mea 
surements were correlated with one another using Pearson’s 
product moment correlation coefficient: (t) Exercise data for 


the nonischemic SC group, the ischemic group, and the control 


group were compared using at test for 2 independent means.’ 
The null hypotheses that were tested were that the means did 
not differ, requiring a 2-tailed test significance. Changes i in 
serial exercise data were tested with paired ¢ tests using 2- 
tailed tests of significance. The values shown represent the 
mean + standard deviation. 


Results 


Resting measurements: The mean upright resting. 
radionuclide left ventricular ejection fraction was 0.60. 
+ 0.08 (control values 0.67 + 0.08, p = NS). Resting 
heart rates (85 + 9 beats/min) were normal.’ Echocar- 
diography revealed left ventricular enlargement in all 
patients (volume 114 + 35 ml/m?, normal for our labo- 


ratory 58 + 25 ml/m?). Since resting heart rates and a 


ejection fractions. were normal, the marked left ven- 


tricular volume overload would of necessity result. in. 


abnormally high stroke volumes and cardiac outputs. ~ 
Though the elevated cardiac outputs and dilated ven- 
tricles were likely due to the anemia, these measure- 
ments did not correlate significantly with hematocrit. 
Serial exercise data (Table I): A 5 to 6 year interval : 
between tests in 17 patients, and 1 year interval in 4 | 


revealed a significant decrease in maximal heart rate(p 
= 0.02). Maximal heart rate continued to be abnormally oe 
low, compared with values from our laboratoryinnor- 


mal black children (Table II) reported previously 


(previous exercise 176 + 14 beats/min, nuclear exercise 
170.5 + 16). Though no change was noted in work ca- ~ 
pacity when all 21 studies were reviewed, a significant 
decrease was noted (p = 0.034) when only those with Boke 


BLE u i Gomnaadeti of Sickle Cell Patients With and Without Electrocardiographic Signs of Ischemia at Maximal Exercise a o 
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SC Anemia Normal 
Abnormal Ex ECG Normal Ex ECG Male. 
Exercise ae a eee, 
Measurements Mean SD p* Mean 8D Mean SD 
20.7 2.1 0.036 24.8 3.4 (40-54)! 
Work capacity i 77 3.6 0.144 9.6 18 17.27 3.5 
(kg-m/min/kg) 
imal heart rate 150 17 0.003 175 120 1917 10 
(beats/min) 
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FIGURE 2. Ejection fraction response to exercise. The SC patients with 
electrocardiographic signs of ischemia during exercise are plotted in- 
dividually. The dashed line represents the mean + standard deviation 
(SD) for the SC patients with normal exercise electrocardiograms. 


5 to 6 year follow-up were included. Though these were 
statistically significant changes, they were not clinically 
significant. Work capacity defined as kg-m/min/kg was 
decreased when compared with values in normal black 
children (before exercise in males 10.8 + 2.7, females 
10.4 + 4.9; nuclear exercise in males 10.2 + 1.9, females 
8.2 + 2.3). Work capacity was correlated with hemato- 
crit (r = 0.50, p <0.02). 

The exercise electrocardiographic results during the 
radionuclide study showed definite ischemia in 5 and 
equivocal ischemia in 1, and was normal in 16 subjects. 
The exercise electrocardiogram of only 1 patient of 21 
became abnormal during the 4.6 years (mean) study 
period, while 7 improved (Table I). It is unclear why 2 
of 7 abnormal tests were subsequently normal, but the 
5 borderline tests that became normal demonstrate the 
lack of reliability of the borderline category. 

Radionuclide data: The exercise response of 
subjects without evidence of ischemia on their exercise 
electrocardiograms consisted of a stepwise increase in 
ejection fraction. The mean increase from rest to max- 
imum was 0.14 + 0.08. Maximal exercise was reached 
during stage II by 17 patients; 3 reached stage III and 


- 2 reached stage IV. There were no significant differences 
in ejection fraction between subjects with normal and 


abnormal exercise electrocardiograms at rest and stage 
I of exercise. Subsequently, in 3 of 4 patients with 


_ electrocardiographic evidence of ischemia, ejection 


fraction decreased >5% in the presence of an increasing 
heart rate and effort. Ejection fractions were essentially 


~ unchanged from resting values at maximal exercise in 
these 4 patients (Fig. 2). The fifth ischemic test (Patient 


22) was interrupted due to concern about the subject’s 
condition before the ejection fraction could be obtained. 
Patients with electrocardiographic signs of ischemia had 
cantly lower heart rate, ejection fraction, and 
diac output responses to exercise as well as lower 
work capacity and hematocrit (Table II). 

Observation of the cineangiographic mode of the 
gated equilibrium scans revealed wall motion abnor- 
malities in 2 of the patients with ischemic tests. Patient 
3 had a dyskinetic apical area at rest. Patient 10 had 
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4 ; 5 
FIGURE 3. Gated equilibrium images at rest (top panels) and on maximal 


exercise (bottom panels) to demonstrate wall motion abnormalities. 
Left panels, the end-diastolic image is shown with the left ventricular 
edge, as defined by the automated edge detection program, superim- 
posed. Note the decrease in diastolic chamber size from rest to maximal 
exercise. Right panels, the diastolic and systolic edge images are su- 


perimposed. Note that symmetrical contraction results in a concentric 
appearance at rest. At maximal exercise the apex is akinetic, resulting — 
in a lack of separation of edges. nae 


normal wall motion at rest; an akinetic area was iden- — 
tified at maximal exercise in the left anterior oblique — 


projection (Fig. 3). 


Cardiac output achieved was significantly correlated _ 
with heart rate (r = 0.67, p <0.003). Work capacity was — 


related to the percent increase in cardiac output from 


rest (r = 0.50, p <0.05). The cardiac output response was — 


= oe Bes. 





most severely impaired in those patients with the lowest _ 


hematocrit levels (r = 0.52, p <0.03). Though resting — 


outputs were high, performance was related to the rel- 
ative increase in output from rest, which was signifi- 
cantly less than expected (‘Table II). 


Left ventricular end-diastolic volume (based on — 


end-diastolic counts) was unchanged from resting values 


to stage I of exercise, but decreased from stage I to 


maximal exercise (assume resting volume = 1, stage I 


= 1.0 + 0.10, maximal exercise = 0.91 + 0.12) (Table — 
III). Normally no change in diastolic volume is seen in 


our laboratory at maximal exercise. A decrease in end- 


diastolic volume at maximum was associated with a — 
reduced cardiac output response (r = 0.57, p <0.02). At — 


maximum, the decrease in left ventricular volume was 
even more marked in the ischemic group than in the SC 
patients with normal exercise electrocardiographic re- 
sults (Table II). 


Discussion 


This study was designed to document and further 
define the cardiac dysfunction associated with SC 


anemia. Although Gerry et al!4 found no evidence of left _ 
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80 0.61 129 0.69 0.93 
68 0.69 130 0.76 1.00 
90 0.57 128 0.73 1.21 
90 0.57 155 0.78 0.98 
89 0.63 130 0.68 1.16 
84 0.58 129 0.65 0.91 
89 0.56 130 0.63 ane 
80 0.56 135 0.63 0.98 
82 0.59 145 nee 1.15 
88 0.65 148 0.64 0.85 
100 0.47 152 0.66 0.98 
92 0,66 140 ie hae 
105 0.65 135 0.69 0.95 
85 0.46 oe sled ia 
95 0.62 123 0.58 0.90 
73 0,82 147 0.89 1.10 
70 0.58 150 0.64 1.14 
80 0.61 160 0.82 0.89 
75 0.58 130 0.63 a 
90 0.63 180 0.70 0.92 
84 0.53 175 0.82 dics 
87 0.59 102 0.63 
85 0.60. 141 0.70 1.0 








178 
153 
150 
180 
170 
168 
135 
155 
173 
173 
205 
170 
190 
190 
163 
173 
170 
180 
160 
180 
175 


171 





0.70 1.14 29 10.2 23.2 
0.66 0.92 2.0 12.8 20.7 
0.59" 0.70 1.2 5.3 18.2 
0.76 0.87 2.3 9.2 20.2 
0.74 0.86 1.9 8.3 20.8 
0.64 0.92 2.0 9.0 23.3 
0.55* 0.89 1.3 4.3 18.7 
0.67 0.92 2.1 8.4 20.3 
0.65 1.12 2.6 8.3 25.3 
0.641 0.75 1.5 7.1 20.0 
0.74 0.90 2.9 11.8 30.0 
0.73 aoe 74 21.5 
0.87 0.91 2.2 10.8 25.0 
0.67 Pre aed 8.6 314 
0.78 0.88 1.9 10.5 27.4 
0.88 0.87 2.1 11.0 29.0 
0.66 0.94 2.6 12.9 25.4 
0.81 0.77 2.3 8.1 23.5 
0.67 0.89 2.2 12.9 27.0 
0.68 1.141 2.4 74 21.8 
0.83 ET A 8.8 26.4 
Interrupted 6.7 23.6 
test 
0.72 0.91 2.1 9.1 23.7 
































“Excluded from data analysis due to additional abnormalities. 
a Electrocardiographic evidence of ischemia. 


Fate/minj; LVV = 


tricular dysfunction in an echocardiographic study 
of adult patients with SC dispar and no myopathic 
changes in an autopsy series,4 we have previously re- 
orted echocardiographic evidence for left ventricular 
'ysfunction in children with SC anemia.® We have also 
ed a decreased working capacity and heart rate re- 
ponse to sitting bicycle exercise.* Electrocardiographic 
signs of ischemia were identified during exercise in 15% 
children tested.” 

In the current study, no progression in exercise elec- 
ocardiographic abnormalities was found in the 4.6 year 
llow-up period. Electrocardiographic signs of ischemia 
ere, however, related to a specific cardiac dysfunction 
bnormal ejection fraction response). This provided 
electrocardiographic confirmation of an exercise- 
duced abnormality. The consistent association of 
chemia and abnormal ejection fraction response 
oports the validity of the P-R isoelectric line method 
efining electrocardiographic ischemia. Use of the 
| junction to P-Q junction would have resulted in a 
ter number of electrocardiograms being interpreted 
ischemic in the absence of an abnormal ejection 
tion response. The cardiac dysfunction was associ- 
with wall motion abnormalities in 2 of our pa- 





The data presented provide insight into the hemo- 
lynamic response to exercise in a group of patients with 
SC anemia. At maximal exercise a normal adult should 
able to triple resting cardiac output.!5 The patients 
with SC anemia had high resting outputs and were un- 






bjects do. Their working capacity was related to the 





able to raise their outputs to the extent that normal 


lative increase in cardiac output from rest to maxi- 2 


CO = cardiac output expressed as a multiple of resting output; EF = radionuclide ejection traction; HCT = hematocrit (%); HR = heart rate 
left ventricular diastolic volume expressed as.a multiple of resting volume; PWC = physical work capacity {kg-m/min/kg). 


i ventricular ar filling. o 








mum, rather than the absolute output. This is under- 
standable since the high resting outputs wereduetoa 
reduced oxygen-carrying capacity seen with hemoglo-- = 
bins in the 7 to 8 g/100 ml range.'® Meeting thein- 
creased demands of maximal exercise would logically 
require a tripling of the already high cardiac outputs. 
Work capacity and the relative increase in cardiac 
output with exercise were dependent on the degree of 
anemia. — 
Of interest is that those persons with the most severe < 
anemia, poorest performance (reduced heart rate and — 
cardiac output response and work capacity), and elec- 
trocardiographic signs of ischemia had a decrease in deft 
ventricular end-diastolic volume at maximal exercise. 
In coronary disease!® and in aortic stenosis,!” when 
ejection fractions decrease during maximal exercise, lef 
ventricular diastolic volume increases due to. the re 
duced stroke volume and high residual volume. In aorti 
insufficiency left ventricular volume decreases, but 
has been interpreted as being due to a lessening 
regurgitation.'* The decrease in left ventricular di 
volume at maximum in our patients is likely to 
to incomplete left ventricular filling. Whether t 
complete ventricular filling is related either to dias 
unloading of the left ventricle or due to an abnormali À 
of ventricular relaxation is not known. 
We have documented cardiac dysfunction in the form 
of abnormal ejection fraction responses and wall ~ 
abnormalities in association with electrocardiograp: i 
signs of ischemia in young patients with SC anemia. The 
dysfunction which is related to the severity oftheane- b. 
mia may also be associated with e an | abno malit oe oe 
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zation of M-mode echocardiograms provides 

seful information on left ventricular function, but its 
ariability has been assessed rarely. Inter- and in- 
aobserver (technical) variability of readers digi- 
ing the same cardiac cycles, and variability be- 
tween beats, days, and subjects (biologic) was 
determined. Technical variability was small for both 
andard dimensions (correlation coefficient r values 
82 to 1.00) and rates of change (r values 0.70 to 


98). Biologic variability was large with expected 


nal differences between 2 measurements (95% 
nfidence limits) of 11 to 55% and 37 to 106% for 


node echocardiography, by virtue of the high repe- 
n rate of 1,000 pulses/second, displays cardiac 
ctures “continuously” throughout the cardiac cycle. 
method of digitization of M-mode records takes 
intage of this excellent frequency response, and 
ides information on left ventricular function be- 
that given by standard dimensions.! 
pite the more widespread use of digitization, the 
ility and reproducibility of measurements has 
essed rarely. Such information is needed to 
ntiate between normal random variation and a 
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standard dimensions and rates of change, respec- 

tively. By averaging measurements of 5 beats from 
each of 2 days, the expected normal differences are 
reduced to 6 to 32% and 23 to 63% for standard 


‘dimensions and rates of change. 


This study emphasizes the large biologic vari- _ 
ability in rates of change of digitized left ventricular 
measurements. Normal variation between studi 
can be reduced and real physiologic or pathologic 
changes perceived best if many beats from more 
than 1 day are measured. = 


true physiologic or pathologic change in the de 
measurements, We performed this study to expli 
magnitude of technical variability between and wit 
observers of digitized M-mode echocardiograms, ; 
normal biologic variability between subjects, days, 
beats. oe 


Methods ~ 


For the assessment of inter- and intraobserver 
(technical variability or reproducibility) 3 to 5 card 
from patients with various cardiac physiology we ê 
dently analyzed by 2 “readers,” and were reanalyzed 
these readers several weeks later. There were a tot 
cycles for analysis from 10 patients: 3 normal subjects 
normal subjects :during.a drug infusion (done for other i 
poses), 2 patients with mitral regurgitation, 2 patien 
hypertrophic cardiomyopathy, and 1 patient with a con; 
cardiomyopathy (Group 1). The same 35:cycles were 
by both observers. 2 0 o 
_ To assess variability between subjects, da; 


e studied 10. 





URE 1, M-mode echocardiogram of the left ventricle in a normal subject. EN = posterior wall endocardium; EP posterior wall epicard 


icle. 


volunteers, all hospital personnel aged 21 to 30 years (mean 

3 separate occasions several days apart (Group 2). 
ocardiographic studies: M-mode echocardiograms 
level of the left ventricular minor axis? were obtained 
n Irex System II echocardiograph with a 2.25 MHz 
focus transducer and were recorded at 100 mm/s. 
iographic studies of the left ventricle were chosen 
tion if there were continuous echoes of the right and 
des of the septum and the endocardial and epicardial 
of the posterior wall throughout the cardiac cycle. In 
5 to 15 beats/day (12 + 4, mean + standard devia- 

e analyzed on each of 3 separate days. 

zation: The studies were digitized by tracing echoes 
the right and left sides of the septum and the endocardial 
and epicardial surfaces of the posterior wall (Fig. 1) using a 
-Packard 9874A digitizing table, interfaced with a 
Packard 2100 computer. The data were analyzed at 
ms intervals with a moving average filter using a 3 point 
algorithm.! Each cardiac cycle was identified by 
ive electrocardiographic Q waves and up to 5 cycles 
igitized. Each strip chart was calibrated by time (2 
id depth (3 cm), which also ensured axis alignment 
ip chart with respect to the digitizing pad. From the 
ocardiogram, the following standard left ven- 
dimensions (in centimeters) were obtained in diastole 
systole (s): left ventricular internal dimension (LV), 
ntricular septal thickness (IVS), and posterior wall 
ness (PW). Standard dimensions in diastole were taken 
he onset of the electrocardiographic Q wave. Systolic di- 
ere taken at the time that left ventricular dimen- 


variab 


interventricular septum; LS = left side of septum; LV = left ventricular cavity; PW = posterior wall; RS = right side of septum; RV = 


filling and emptying rates (d/dt LVd, d/dt EVs), peak 
ventricular septal and posterior wall diastolic thinn 
systolic thickening rates (d/dt 1VSd, d/dt PWd, d/ 
d/dt PWs). ae 

Conceptual analysis and statistical methods: A £ 
measurement of a cardiac dimension is affected by the 
lowing factors: (1) The subject: There is a “normal” vari 
between subjects with normal hearts reflecting body size, 
heredity, and so on. (2) The day: The same subject may: 
variability on different days. This may be due to several 
tors, including body position during the examination 
different levels of autonomic tone. (3) The beat: Dimen: 
may differ between beats due to respiration, sinus arrhy 
and soon. (4) The reader (“personality” factor): Ther 
be variability between different readers digitizing the 
tracing. This may be due to different types of style in 
the digitizing cursor, for example. (5) The tracing ( 
factor): There will be a difference in the measurements 
by the same reader digitizing the same tracing on 2 
sions. This difference reflects the human intera 
fine motor and eye-hand coordination required tod 
tracing. 

The purpose of this study was to estimate the 
of effects from these different variability factors i 
echocardiographic measurements. The estimates canno 
derived simply by subtraction since only their combined effi 
is observed in any 1 observation. For instance, let us 
1 normal subject whose mean left ventricular end-dias 
dimension of 10 beats on Day 1 is 5.2 cm, and measur 
different reader is 5.0 cm on Day 2. The difference b 
the mean values on the 2 separate days simultaneousl: 
body normal differences due to reader 
jari ; and normal variability betw 














































y true difference in dimensions on the different days. The 
eats on the 2 separate days may be truly identical (and 
us the difference of 0.2 cm between the means does not 
pres day-to-day difference); on the other hand the 
cing, and beat factors may have cancélled out true 
ay difference and the day-to-day difference may ac- 
ally be much larger than 0.2 cm. 
The separate variability factors were “teased out” using 
indard statistical methods? by a variance components 
alysis based on the following concept: 
nsider 1 cardiac cycle of a left ventricular echocardio- 
Let us assume that the true value for end-diastolic 
dimension (LVd) of this beat is X em. 
eader A digitizes the cardiac cycle obtaining a value of 
m. He redigitizes it 9 times and obtains Y2-Y10 cm, with 
average of Yom. The average jitter (tracer variability) 
Id be estimated from the average of the differences be- 
een each Y measurement and Y. (The applicable standard 
tatistical methods actually use the root-mean-square rather 
jan the arithmetic mean.) 
. Reader B digitizes the same tracing and obtains value 
sm. Nine other readers digitize the same tracing and obtain 
ues Zo-Zio. These readings will differ from one another 
ly because each contains “jitter,” but additionally because 
ious readers may systematically tend to provide somewhat 
her or lower readings than do others. This possibility 
kable from the data) represents variability due to 
rsonality” (reader variability). 
8, Reader A digitizes 2 separate cardiac cycles from the 
ime day and obtains two values Ap and Ay». The difference 
ween the values may represent jitter or true interbeat 
lability. Reader B digitizes the 2 cardiac cycles to obtain 
ies By; and Big. The difference between Aj; and By; em- 
dies, in combination, jitter, personality, and possible true 
rbeat differences. 
Similarly, if reader A digitizes a cycle from Day 1 and 
ler B a cycle from Day 2 then the difference reflects jitter, 
sonality, and beats, as well as interday variability. 
Finally, if reader A digitizes a cycle from normal subject 
id reader B digitizes a cycle from normal subject N then 
ifferences reflect jitter, personality, interbeat, and in- 
ay, as well as intersubject variability. 
1 summary, the variance components analysis works in the 
wing way: In Group 1, the variance* between measure- 
ts made. by the same observer of the same tracing was 
iculated (tracer variance — °T). This component of variance 
mates variability due to jitter. It was then suitably re- 
ed from the variability recorded between measurements 
different observers of the same tracing to obtain an esti- 
e of reader variance (°°R). Both these factors were then 
ly removed from the variability of beats recorded in 
2 on any 1 day to obtain beat variance (B). °T, °R, 
B were then all suitably removed from the variability 
rded between days to obtain day variance (°D). All 4 
re then suitably removed from the variability re- 
ween subjects to obtain subject variance (°S), (‘The 
‘suitably removing” are made more specific 


























iance components analysis equations: An individual 
ized measurement of a cardiac cycle of a given subject 


esents the true value for that given cycle + the total 
‘lability due to each of the 5 factors. If several observations 
veraged together, than that average. will contain vari- 
y from all factors, and the amount of that variability for 
actor will be related to how many different values of that 





? Squared deviation from the mean, 





lance (0?) is a measure of variability, and represents the av- 





factor enter into the average. Thus, if we estimate a cardia © 
dimension for a particular subject by recording 5 beats, on 
each of 3 days, each read twice by 4 readers, then the average 
of the 3 x 5 X 2.X 4 = 120 readings contains 120 jitter com- 
ponents averaged together, and 3 day components, 4 reader 
components, and 15 beat components. The variability of the 
average of the 120 readings we call °°, and it has the form: 


2 2y 2 2 
2 °D B PR PT 
P m mn p ee fe a, 

3 15 4 120 


More generally, if N denotes the averageoftheDXBXRX 
T tracings (where on each of D days B beats are recorded and 
read by each of R readers T times), then the average has 
variance: 





o? at a? 
B ba R $ T 
DB R DBRT 

From this equation (equation 1), we may see that if we take en 
the average value of an infinite number of tracings by an in- 
finite number of readers of an infinite number of beats and. 
on an infinite number of days we may arrive at a true number -o 
for that subject, as the total variability would be zero. If this © 
were repeated for another subject, the difference between the 
true numbers would represent true intersubject variability, 
having eliminated the differences due to day, beat, reader, and 
tracing. 

Statistical significance of different measurments: The 
difference between M1 and M2, 2 averaged measurements... 
obtained by the same B, R, and T pattern from the same = 
subject on 2 different days, will have variance equal to2°N = 
(since the difference involves the random error of 2 averages, 
each with variance “N), This standard error for (M L=M; o e. 
the difference between the 2 average readings, permits de- _ a 
ciding how large a value (M1 ~ M2) must be in order tobe 
regarded as showing a real change, rather than merely ex- =. 
hibiting statistical fluctuation. The argument is: If, indeed, © o 
no real change has occurred between the 2 days, thenthere > 
is a 95% chance that (M1 — M2) will not exceed 1.96 ITN. 
= 2.8 °N, and so if the difference in the 2 measurements 
exceeds that amount, it may be taken (with 95% confidence, 
or p <0.05) to indicate a real difference. For 99% confidence. 2 © 
(p < <0.01), the difference must be at least 2.58 \/2°N = 3.64. pee 
oN. DY ts 











Results 


Technical variability: Correlations between re 
peated readings of 1 reader, and between 2 readers, were 
high both for standard dimensions and peak rates of 
change as tabulated in Table I. : 

The variance attributable to the reader and tracing 
factors is shown in Table II. The variance is larger for- 
peak rates of change than standard dimensions. 

Biologic variability: The variance attributab 
the subject, day, and beat factors is shown in T. 
Biologic variability is much larger than technica 
ability. As with technical variability, the varianc 
peak rates of change was larger than for standare 
mensions (Fig. 2). There was no significant correlati 
between cycle length and either dimensions or rates o 
change within the same subject or between differen 
subjects. Ok =, 

Estimated total variance: From the individual ^A 
components, “D, B, “R, and °T, we estimated (from 
equation 1) the total variance for the mean of d/dt LVd a 
derived from 20 observations, taken in various patterns 















(Table IV). Days and beats reduce the varian 











Correlation Coefficients of 2 Measurements of 
the Same Tracing of 35. Different Cardiac Cycles 
in 10 Subjects (Group 1) Within the Same 
Observer (intra) and Between 2 Observers 
(Inter) 





Intra Inter 












0.99 0.99 
0.99 1,00 
1.00 1.00 
0.82 0.84 
0.99 1.00 
0.97 0.90 
0.99 0.99 
0.98 0.96 
0.96 0.95 
0.80 0.73 
0.76 0.70 
0.93 0.91 
0.73 0.82 









F= fractional shortening: %(LVd — LVs/LVd X 100). 





an nthe number of readers or tracings. Table V shows 
e precision obtainable on the standard dimensions 
ing 2 patterns, and Table VI shows the corresponding 
nformation for the peak rates of change. 
_ Statistical significance: The difference between 2 
aged measurements for standard dimensions and 
peak rates of change for 2 patterns of B, R, and T to 
occur beyond 95 and 99% confidence limits were cal- 
lated and are shown in Tables VII and VIII. Differ- 
nces of 46.5 and 37.2% in d/dt LVd (peak filling rate) 
d d/dt LVs (peak emptying rate) are required for 95% 
onfidence with 1 day, 1 beat, 1 reader, and 1 tracing. 
With 2 days, 5 beats, 1 reader, and 2 tracings, these 
differences are reduced to 27.1 and 23.4%, respectively, 
for 95' confidence. 



















































Discussion 


c variability due to the subject, day, and beat 
ter than technical variability due to the reader 
the tracing he or she makes. Among biologic factors, 

ject variance is the highest for standard di- 
sions and peak left ventricular filling rate, indi- 
as might be expected, that intersubject variation 
greater than intrasubject variation due to different 
ys or beats for these measurements. For the other 
yrements, subject-to-subject variance is equal to 
han day-to-day or beat-to-beat variance, which 
reflection of the homogeneity of Group 2; 
ariance would have been greater for these 
ments if Group 2 had been composed of pa- 
th larger differences in these peak rates of 
ther than normal young persons. 

is large beat-to-beat variation both for stan- 
rd dimensions and peak rates of change as has been 
des cri ied previously.® There are several possible 
ons for this variation. In a study of normal subjects 
ed at heart rates of 50 to 150 beats/min, there was 
mnificant correlation between heart rate and left 
tricular size and function.” However, in another 
10. correlation between heart rate and feet ven- 














TABLE li Technical Variability — 


l Mean R oie 

Dimensions. (cm) (omy? sy 

LVd 5.2 0.00 

LVs 3.6 0.01 

IVSd 1.4 0.00 

IVSs 1.2 0.00 

Pwd 1.6 0.00 

PWs 1.8 0.00 

FS 32.5 1.33 
Rates of Mean R 
Change (cm/s) 





Ti are shown for peak rates of change and standard dimensions. Data 
vere calculated: from. Group .1, and the Group `t mean values : 
shown. 


TABLE Il! Biologic Variability 


_ ple’s capabilities; however, mastering this takes a 
7 sessions. There was more techaical variability of sep 
































d/dtLVd 0.8 
d/dt LVs 7A : 

d/dt \VSd 2.9 0.04 
d/dt IVSs 2.3 0.08 
d/dt PWd 7.0 0.02 
d/dt PWs 3.0 0.04 





The estimated variance attributable to the reader CR) and tracit 


















































Mean "S AD. 
Dimensions tem} (em)? ‘(omy 
LVd 5.0 6.06 0:01 0. 
LVs 3:4 0.03 0.01 0 
IVSd 0.8 0.01. 0.00 0 
IVSs 0:9 0.06 0.01 0 
PWd 1.0 0:03 0.04 0 
PWs 1.4 0.03 001 0. 
FS 31.0 2.33 2.14 4 
; Mean og e 
Rates of Change. (cm/s) (cm/s)? < (cm/s)? 
-d/dt LVd 14.4 3.61 oe 1.29 3.4 
d/dt LVs 8.3 0.22 0.42.00 O82. 
d/dt 1VSd 4.2 0.50 ° 0.73 oe 28. 
‘d/dt IVSs 3.0 0:12 0,13: 0.4 
d/dt PWd 9.7 1.67 ALS? SCRA 
d/dt PWs. 3.5 0.11 0. 14 O04 





The estimated variance attributable to the subject (°S), day : 
and beat (°°B) are shown for peak rates of change and stand 
mensions. These data were derived from Group 2 after taking | 
count the estimated variance attributable to the reader and traci 
derived grom Group 1 data. Mean values from Grou 2 are shown. 


tricular performance was found within the norm 
variation in heart rate of resting subjects.4 We also 
not find a significant correlation between heart ra 
left ventricular performance. Shapiro. et al® r 
reported striking differences between rates of 
recorded in different regions of the left ventricle; 
observed this (Fig. 2). Finally, beat-to-beat vari 
likely to reflect variation due to respiration.? Day 
variation is less than beat-to-beat variation and ma 
due to a change in body position of the subject,'° o 
different transducer angulation, or both.4101! 
Guiding the digitizer over the recording of the septu 
and posterior wall throughout the cardiac cycle requ 
fine eye-hand coordination which is within mos 








GURE 2. Two pairs of beats taken from a continuous recording (on the same day in the same subject) showing a large difference in peak filling me 
ate. The part of the mitral valve apparatus recorded for each pair is quite different, indicating different transducer positions between beats. IVS 
interventricular septum; PFR = peak filling rate (mean measurement for both beats at each level of the ventricle is shown); PW = posterior 

all. ee 


nd posterior wall measurements than of left ventricular 
vity measurements, as described previously,!2!3 and 
his is likely due to the difficulty often encountered in 
emarcating both the right side of the septum and ep- 
ardium. There was little technical variance in standard 
mensions compared to peak rates of change, which 
owed relatively large biologic and technical variance. 
xtra element of eye-hand coordination involved 
tracing the often rapid slopes of the septum and 
terior wall probably explains the larger technical 
ariability of peak rates of change compared with 
technical variability of standard dimensions. 
Our results of the variance components of the stan- 
ard dimensions are similar to a previous study in which 
1e measurements were made directly by hand without 


ng the records.!? This suggests that the technical 


these by digitization. Using 2 
locali ea for M-mode 


riability of standard dimensions is not reduc 


been reported not to improve reproducibility of. 
dard dimensions.!4 The effect of different sonogr: 
performing the study has been shown to ad 
variability above the other components. 13 

By analyzing the contribution of each varianc 
component, we were able to estimate the total 
variance for the combinations of different n 
days, beats, readers, and tracings. In the coi 
measurements made at different times, large dif 
of 2100% are required in some of the pea 
change to be beyond 99% confidence limits (p < 
with only 1 day, 1 beat, 1 reader, and 1 tracing. S 
differences are statistically significant with a co: 
nation of 2 days, 5 beats, 1 reader, and 2 tracin 
by using such combinations, biologic variati 
duced and real physiologic or pathologic char g 
be perceived best o ooo ne 





patients wit table heart disease may be ABLE 
'alihicugh 2 studies!5.!6 have shown that day- ~- for Dimensions 
variability of standard dimensions measured | Dimensions” oO Patterna 
AN was similar to previous studies of normal $ 7 





e information on left ventvictilar function a 
on b: standard dimensions. However, there is 


value of st each dimensions vit aapea 2. The variance as de 
using pattern a = {day, 1 beat, 1 reader, 1 tracing; and p: 
5 beats, 1 reader, 2 tracings. 


ABLE IV Estimated Total Variance of Peak Left 
Ventricular Filling Rate for 20 Observations on 
the Same Subject (for Various Patterns of TABLE VI Estimated Total Coefficients of Variation (% 
Taking the 20 D Pnsorvatone) for All Rates of Change 
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T N Peak Rate 
5.20 of Change Pattern a 


5.00 > d/dt Ld 16.5 
2.06  d/dt LVs 13.5 
2.84 d/dtivSd = = 38.0 
1.94 d/dt IVSs 30.1 
1.62 C o gat PWd 25.0 


1.91 
103 d/dt PWs 23.9 


Sd ccc OS EN AR a 
0:83 * Coefficient of variation was determined from «/variance + | 


: value of each peak rate of change from Group 2. The varian 
ttl va variance atoms S} D, B, R, and T = number of days, beats, determined using pattern a = 1 day, 1 beat, raster, 1 tracing: 


pattern b = 2 days, 5 beats, 1 reader, 2 tracings. . 
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E Estimated Differences in Dimensions Between 2 Studies for Statistical Signiticance 








Pattern a ; h Pattern b 





p <0.05 p <0.01 p<005 


% A 


14.1 
20.9 
45.6 
53.4 
71.3 
54.1 
35.6 


j.day, 1 beat, 1 reader; 1 tracing. Pattern b = 2 days, 5 beats, 1 reader, 2 tracings. A= = centimeter difference between 2 stud 
mariceore atp <0.05 or p <0.001. % A= A/means Group 2. 
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Estimated Differences in Rates of Change Between 2 Studies for Statistical Significance 


Pattern a A Pattern b 


% A 


46.5 
37.2 
106.3 
82.5 
70.4 
65.0 


n 1 racing. Pattern b = 2 days, 5 beats, 
1% A= Aimeans Grou 2. 
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ft Ventricular isovolumic Pressure Decay and Diastolic 
flechanics After Postextrasystolic Potentiation and 
During Exercise 


| D. CARROLL, MD, RENE WIDMER, BA, OTTO M. HESS, MD, 
0. HIRZEL, MD, and HANS P. KRAYENBUEHL, MD 


‘Left ventricular contraction, relaxation, and diastolic 

‘mechanics were examined in subjects after post- 

£ xtrasystolic potentiation and compared with results 

during supine bicycle exercise. Twelve patients had 

entricular extrasystoles induced during biplane left 

entricular cineangiography (PES Group). Six pa- 

its with no-or minimal cardiovascular disease 

underwent exercise (Exercise Group). From si- 

Itaneous high-fidelity pressure curves the time 

stant of relaxation (T), a theoretical baseline for 

lumic pressure decay (Pg), and the lowest 

stolic pressure (P,_) were determined. Frame- 

ame volume analysis was completed i in 6 pa- 

its from the PES Group and 4 in the Exercise 

up to quantitate filling rates and to construct 
olic pressure-volume relations. 

the PES Group, the ejection fraction increased 

165 to 74% (p <0.001) and end-systolic volume 

reased from 38 to 29 mi/m? (p <0.001). Pres- 

decay was altered with maximal negative first 

tive of left ventricular pressure (dP/dt), de- 

g from —1,553 to —1,273 mm Hg/s (p 

increasing from 51 to 74 ms (p <0.001), 

creasing from —6 to —19 mm Hg (p 

|). While Pi occurred later in diastole (138 

is after maximal negative dP/dt, p <0.001), 

ined at the same level (8 versus 7 mm Hg). 

lling rate was unaltered in the diastole after 

irasystolic potentiation, and no upward shift 


olic mechanics have been characterized by the 
ant effect of left ventricular passive chamber 
Diastolic mechanics are also determined by 

ding systole. The end-systolic volume pro- 
contraction may contain stored elastic energy 
promotes restoration of the ventricle to its pre- 
action. configuration. Similarly, pressure decay 
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in the diastolic pressure-volume relation occurred. 
In the Exercise Group, the ejection fraction i 
creased from 65 to 75% (p <0.001) and end-s 
tolic volume decreased from 35 to 26 mi/m? ( 
<0.001). With exercise, maximal negative dP 
increased from —1,566 to —2,650 mm Hg/s 
<0.001), T decreased from 50 to 26 ms (p <0.001 
and Pg was unchanged. As a result, Pi occur: 
earlier in diastole (120 to 96 ms, p <0.00 
achieved a lower value (9 to 4 mm Hg, differe 
not significant [NS]), and the peak filling rate 
creased from 588 to 1,107 ml/s, p <0.001). ; 
relaxation was complete during exercise but 
complete after postextrasystolic potentiation. { 
versus 2.4 T elapsed, p <0.001). 
Postextrasystolic potentiation, like dynamic e 
ercise, enhances shortening and augments restori 
forces by producing a smaller end-systolic ch 
Yet, postextrasystolic potentiation delays ina 
vation and prolongs relaxation. Diastolic mecha 
(early diastolic pressure, filling, pressure-volt 
relation) are not subsequently altered, sugg 
that enhanced restoring forces counterbalance 
delayed inactivation. With exercise, diastolic filli 
is enhanced both by more rapid pressure decay an 
by increased restoring forces. Thus, diastolic m 
chanics can be dissociated from systolic and a 
determined by the nature of the inctropie sti 
ulus. 


from systole may play an important role in deter 
diastolic pressures, filling rates, and pressure-yv 
relations.!~> We examined these influences on rel 

and diastolic function in man after 2 interve 
producing distinctive alterations in cardiovas 
function. Postextrasystolic potentiation is a pos 
inotropic intervention with enhanced shortening, pr 
ducing a smaller end-systolic chamber capable of aU 
menting restoring forces. Yet, isolated muscle studies 
and animal studies have shown that postextrasysto 
potentiation delays relaxation probably by dela, 
muscle inactivation.®” Dynamic exercise also i 


tive inotropic intervention producing asma 
_ systolic chamber with enhanced restoring forces ave 
i; able. In human subjects pressure decay i is gre ly 



















_ mented during dynamic exercise, . 
and animal studies catcholamines promote inactivation 
_ and pressure decay.&!9 Thus, the 2 interventions pro- 
_ duce an increase in restoring forces but opposite effects 
on muscle inactivation. In our subjects, we assessed the 
_ het effect of these 2 common cardiovascular interven- 
ions on pressure decay and diastolic function as rep- 
‘esented by diastolic pressures, filling dynamics, and 
ressure-volume relations. 









Methods 


A total of 17 patients (16 men, 1 woman) were included in 
he study. Twelve patients participated in the postextrasys- 
tolic potentiation part of the study. Ten had significant cor- 
onary artery disease (>50% diameter narrowing: 8 with 3- 
_ vessel and 2 with 2-vessel disease) and 2 patients with atypical 
_ chest pain had no cardiovascular abnormalities. All 12 had 
_ normal resting ejection fractions (>57%), although 8 had mild 
_to moderate regional wall motion abnormalities on the resting 
angiogram, which improved in 5 after postextrasystolic po- 
ntiation. The response to postextrasystolic potentiation was 
imilar in all types of patients; they will be referred to as 1 
roup, the PES Group. 
_ Five additional patients and 1 patient from the PES Group 
ase 1) underwent supine bicycle exercise. In all the ejection 
ction increased by >5%, and none had angina. All under- 
vent catheterization to evaluate atypical chest pain (4 had no 
_eardiovascular abnormalities, 1 had minimal coronary artery 
_ disease, and 1 had minimal mitral valve prolapse without 
-mitral regurgitation). These patients comprise the Exercise 
_ Group. 
- Catheterization and cineangiography: Premedication 
_ consisted of 10 mg of chlordiazepoxide given orally 1 hour 
_ before catheterization. In the Exercise Group, 4 patients were 
_ receiving long-term administration of beta-adrenergic 
_ blockers; 4 patients, calcium antagonists; and 2 patients, 
long-acting nitrates. In the PES Group, 11 were taking beta- 
drenergic blockers, 7 took calcium antagonists, and 11 took 
ng-acting nitrates. Cardiovascular medications were with- 
eld for 12 to 24 hours before study. Left ventricular pressure 
‘as. measured with a Millar pigtail angiographic microma- 
ometer introduced from the femoral artery. The pressures 
ere recorded at a paper speed of 250 mm/s (Electronics for 
edicine, VR16) with the dP/dt, dP/dt/P, and an intracardiac 
lectrocardiogram from a right-sided catheter. Before both 
sting and exercise recordings, the pressure was calibrated 
ainst a fluid-filled system. 
Biplane left ventricular cineangiography was performed in 
right anterior oblique (30°) and left anterior oblique (60°) 
ections at a filming rate of 50 frames/s. Volumes were 
Iculated using the area-length method. Each angiographic 
me had a digital time which corresponded to time marks 
he pressure recordings. 
Postextrasystolic potentiation protocol: In 7 of the 12 
tients in the PES Group, a single premature contraction was 
oduced by right ventricular electrical stimulation with a 
ght-sided pacing catheter. The extrasystole occurred im- 
ediately after the second well-opacified beat during cine- 
ography. Coupling interval was adjusted before the an- 
ram to insure systolic potentiation (as judged from max- 
| positive dP/dt) of the postextrasystolic beat. In the ad- 
mal 5 patients, spontaneous extrasystoles (in 3 single, in 
plets) occurred during cineangiography with adequate 
visualization of a nonpotentiated and a potentiated beat to” 
permit analysis. In 6 of the 12 patients, both the nonpoten- 
tiated and potentiated beats were evaluated from end-diastole 



















































and in isolated muscle to the next end-diastole to assess alterations i 


time of mitral valve opening to 








n filling and 
diastolic pressure-volume relations (see later). All 12 patients > 
had their feet-in a semi-elevated position, attached toa bicycle = 
device, as part of a separate study. For this reason, in part, 
end-diastolic pressures were increased due to the augmented 
preload. 

Exercise protocol: All 6 patients in the Exercise Group 
had precatheterization bicycle exercise testing to determine 
achieved work load and exercise limitations. At catheteriza- 
tion, pressures were recorded before and after attaching the. 
patients’ feet to the bicycle device. Left ventricular end-dia- 
stolic pressure subsequently increased from 12 to 20 mm Hg | 
(p <0.01). The increase in preload and bradycardia in several 
patients account for the elevated end-diastolic pressures. All Hd 
resting data presented here are during the first angiogram with os 
the legs in this elevated position. After the resting angiogram o- 
and a subsequent 12- to 15-minute pause, exercise was begun _ 
at a low level. Patients underwent progressively higher work 
loads until limiting symptoms (fatigue in legs, no angina) oc- 
curred or until they achieved a predicted submaximal heart. 
rate according to sex, age, and height. At the point of peak 
exercise pressure was again recorded and simultaneous cine- ls 
angiography was completed. Coronary arteriography was 
performed after exercise using the Judkins technique. ; 

Data analysis: Rest, postextrasystolic, and exercise data oN 
were derived from beats selected during simultaneous pressure ` 
measurement and left ventricular cineangiography. All beats 
analyzed were well opacified and within 5 seconds of the he- 
ginning of contrast injection. In the PES Group, a control, Soe 
unpotentiated beat was compared with a potentiated beat. In 
the Exercise Group, all beats analyzed were sinus beats, and 
postextrasystolic beats were excluded. Resting beats were _ 
from midinspiration and exercise beats were average if any __ 
respiratory-related pressure changes were noted. = 00 

Pressure tracings were digitized for an entire cardiac eyele = 
by an electronic digitizer (Numonics Corporation) interfaced Ss 
with a digital computer (PDP 11/10). A previously described 
program produced a printout of pressure and dP/dt values 
with a time interval between 3 and 10 ms depending on the. 
heart rate (each cycle being divided into 130 time intervals).!! 
The time constant of relaxation (T, in milliseconds) was cal o 
culated as the negative reciprocal of the slope of thelinear og 
regression of pressure and dP/dt coordinates.!2 These COOK 
dinates were taken from the isovolumic relaxation period 
defined as from immediately after maximal negative dP/dt 
to the time pressure had decreased to 5 mm Hg above left. 
ventricular end-diastolic pressure. The linear regression of o 
pressure and dP/dt coordinates was also characterized by its 
pressure axis intercept. This extrapolated baseline pressure— ae 
Pp—was calculated at dP/dt = 0. oe 

To study thë completeness of relaxation in early d 
we used the technique of Weisfeldt et al,! which ¢ 
pressure decay to be 97% complete at 3.5 times consta 
after maximal negative dP/dt. The number of tim iS 
elapsed was computed at the time of lowest diastolic 
(Pi) in the rest and exercise states and also for cont 
postextrasystolic potentiated beats. 

In order to assess the effects of postextrasystolic 
tion and exercise on diastolic dynamics, ventricular filling y 
quantitated using frame-by-frame angiographic volume 
mitral valve opening to end-diastole in 10 patients with ade- 
quate data (6 with postextrasystolic potentiation and 4 
exercise). The time of mitral valve opening was 20 ms befere 
the time of the first frame showing the entry of unopacified 
blood into the left ventricle. The time of end-diastole was 


























noted as the beginning of the rapid rise in left ventric 
pressure immediately after the onset of the QRS complex. T 










Ventricular Pressure Data 


LVP (mm Hg) LVEDP (mm Hg) 


+dP/dt Max 
(mm Hg/s) 


—dP/dt Max 
(mm Hg/s) 
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Exercise Group 














PES Group 








1,827 
1,386 
1,663 
1,553 
1,309 
1,243 
1,389 
1,373 
1,796 
2,064 
1,198 
1,367 
1,514 
£268 


+8 +8 


"£380 "#244 





j left ventricular pressure; 
p <0.05; 'p <0.01; t 


4 filling time. This filling time was divided into a first 
cond half, the middle being mid-diastole. The average 
rate was calculated for the first half of diastole. In ad- 
instantaneous filling rates were calculated every 40 ms 
mi al valve opening. The greatest value opening oc- 
early in diastole was termed the peak filling rate. 
olic volume index, end-systolic volume index, and 
were calculated in the usual fashion. 
-left ventricular pressure gradient is a major 
of ventricular filling.!? Since left atrial pressure - 
measured, we noted the pressure at the time uno- 
slood first entered the ventricle. This is termed the 
ressure and is an index of the pressure responsible 
valve opening. 
nged relaxation during ischemia has been implicated 
the upward shift in the diastolic pressure-volume 
We assessed the possible influence of prolongation 
cation induced by postextrasystolic potentiation on the 
pressure-volume relation in 6 patients. Angiographic 
mes every 20 ms were time-matched to simulta- 
ricular pressures and the data graphically 


ll tabular data are presented as means +1 

tion. Figure data are means +1 standard error. 

gnificance of differences between control and 

and between rest and exercise data was tested with 

‘test, Differences between the PES and Exercise 
were assessed with an unpaired ¢ test. 


ntricular pressure results are shown in Table 
$ „and derived relaxation pa- 
. Figures 1 and 2 show represen- 


Pe decreased fro: 


LVEDP = end-diastolic pressure; SD = standard deviation; T = time.constant of relaxation. Pp = 
p <0:001. All probabilities are for intervention (i) versus control (C) comparisons... 


Systolic performance was suzniented i in both p 
extrasytolic and exercise beats (Fig. 3). Postextras) stol 


1,514 to 1,679 mm Hg/s (p <0.01), ejection | fraction 
creased from 65 to 74% (p <0.001), and end-systo 
volume decreased from 38 to 29 ml/m? (p <0.0 
ercise increased heart rate from 66 to 118 beats/ 
maximal positive dP/dt increased from 1,468 to 2; 93 9 
mm Hg/s (p <0.001), which was greater than the level 
achieved by postextrasystolic potentiation (p <0.04 
Exercise increased ejection fraction from 65 to 75% | 
<0.001) and decreased end-systolic volume from ¢ 
26 ml/m? (p <0.001), nearly identical compared 
postextrasystolic potentiation. With exercise, there 
an insignificant increase in end-diastolic volume ( 
105 ml/m2) and end-diastolic pressure (20 to 21 r 
Hg). With postextrasystolic potentiation, there wa 
small increase in end-diastolic volume (107 to 
ml/m?, p <0.001) and pressure (21 to 23. mm_ 
Peak left ventricular pressure increased with e 
from 133 to 154 mm Hg (p <0.05) but decreased 
with postextrasystolic potentiation (141 to 1331 nm 
p <0.05). : 
Relaxation was altered in opposite directions | 
postextrasystolic potentiation and exercise (Fig. 
With postextrasystolic potentiation, maximal negati 
dP/dt decreased from —1,553 to —1,273 mm Hg/s 
<0.001), T increased from 51 to 74 ms {p <0.001), an 
=6 to~ -19 mm Hg (p <0. N01 E 
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Exercise Group 
101 148 66 76 86 85 29 at. 
71 120 59 72 160 114 41 32 
54 125 66 78 98 102 35 22 
46 119 62° 74 116 116 44 30 
65 109 73 81 92. 103 25 19 
58 90 63 71 100 109 37 32 
66 + 19 118 + 19 655 7544 99 +£ 10 105 £ 11 35 +7 2646 
































-EOVI= end-diastolic volume index; EF = ejection fraction; ESV! = 
pM versus control (C) comparisons. 


ae frota 50.to 26.ms (p <0.001), and Pg was un- 
changed. ‘These changes in pressure decay are portrayed 
n Figure 5. 

Early diastolic pressures were also different. after 
postextrasystolic potentiation and exercise. In the 
diastole after the potentiated beat, the minimal diastolic 
ressure, Pi, occurred later after maximal negative 
P/dt (138 to 177 ms, p <0.001), relaxation was less 
-omplete at Py, (2.7 to 2.4 T elapsed, NS), but the ab- 
olute value of Py, was unchanged (8 to 7 mm Hg). Ex- 
ercise caused Pr, to occur earlier (120 to 96 ms, p 
0.001), relaxation was completed at Py, (2.4. to 3:7 T 






CONTROL 
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hee PES Group 

act 65 73 83 92 92 25 te 

y2 71 57 66 1t1 115 48 37 

cog 66 58 69 121 127 49 39 

a 70 68 72 117 123 37 35 

s) 54 60 70 104 106 42 32 
6 52 59 69 117 124 48 39 

N Bk 51 59 72 100 106 41 30 

Be 90 65 79 88. 102 31 22 
Qos: 70 68 76 130 130 42 31 
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elapsed, p <0.05), and Pi, decreased in 5 of 6 patients ne 
(9 to 5 mm Hg, NS). 


Despite a prolonged T, the diastolic filling after the 
potentiated beat was not diminished in the 6 patients __ 
studied. The mean filling rate for the first half of dias- 
tole increased insignificantly (377 + 163 ml/s to 409+. 


123 ml/s, NS) and early peak filling rate was unaltered 
(829 + 325 ml/s to 829 + 394 ml/s). There was no change 
in the other key determinant of early diastolic filling, 
the driving pressure. The pressure at mitral valve 


opening was 17 + 8 mm Hg in the control beats and 


unchanged after the potentiated beats at 18 + 8mm Hg. 


FIGURE 1. Patient 5. Left ventricular (LV) pressur 
for a. control beat and a postextrasystolic poter 
An-extrasystole was produced: by a righ 
pacing (RVP) catheter. The postextrasystolic 
increase in maximal positive dP/dt but a rec 
` maximal r negate a dP/dt. The time constant of 











p <0.001. All probabilities are for intervention. J 
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3 = baseline pressure, PL = = lowest diastolic pressure. T = time constant of relaxation; * po 001; tp <0.05, All eee are for 
ersus. ‘control(C) comparisons. 


During exercise, all 4 patients with data had an increase Discussion. 
i n filling rate for the first half of diastole (360 + In humans, left ventricular relaxation i is lows 
I/s to 684 + 157 ml/s, NS) and early peak filling prolonged after postextrasystolic potentiation, 


r - + 174 ml/s to 1,094 + 350 ml/s, p <0.05). There celerated and shortened during dynamic exerci 


dependent upon a complex interplay of 2 major. 
e relations from the diastole after the trolling systems; as described y Brutsaert et al 14 
ted beat are presented for 6 patients in Figure í 


qaripa PA e load aal te is determi 
by the nature and magnitude of the load, its timi 


n whom end-systolic volume was reduced, relative to the contraction-relaxation sequence, 
downward shift of the pressure-volume ration, and the uniformity of its distribution. 
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Patient 2, An example of the left ventricular 
ure racing at rest and during maximal supine 
i exercise beat had.a greater max- 
negative dP/dt. The time constant of i 

from 60 to 23 ms. The lowest HEKGH. 

curred earlier after maximal ATA 
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a Tase * Po ys, 0.01 


IsINTERVENTION 
oe P< 0.001 


e presented as means + 1 standard error. Maximal positive dP/dt and 
jection fraction increased after both positive inotropic interventions. 
‘ alsin and pusentrasystolc potentiation caused a Similar re- 


mental animals are applied throughout. systole and 
pear to slow relaxation.!5 Loads applied i in late systole 
n partially relaxed muscle may increase the rate of 
laxation. 16 Relaxation, as assessed by both T and 
\aximal negative dP/dt, is accelerated during dynamic 
xercise. Probably most important is the direct effect 
f catecholamines on the inactivation process, resulting 
1 more rapid uptake of calcium by the sarcoplasmic 
sticulum. Augmented restoring forces, increased cor- 
ary blood flow, and enhanced synchrony of contrac- 
on probably contribute further to more rapid relaxa- 
on. The subsequent rapid inflow of blood early in 


: Š MEAN £1SE 


EXERCISE CONTROL -PES 
(N®6) (N#12) 
inthe left panel, control (or rest) values of the time constant 
(T) are compared withthe exercise values, All 6 patients 


Ñ CONTROL 


rapid pressure decay (50 to 26 ms,” p <0.001). The right . 
| compares control unpotentiated beats with postextrasystolic. 
ntiated beats (PES) from 12. patients. All but 1 patient had a de= 

l 7 mean T increased Tom 51... 


ventricle to its precontraction configuration, 4 


removal. While the inactivation process is altered so as 


diastole may further accelerate the return of the left 






Pressure decay is decelerated after postextrasystolic 
potentiation. Parmley and Sonnenblick® have suggested _ 
that the prolongation of tension decay after postex- 
trasystolic potentiation in isolated muscle is probably — 
due to a change inthe uptake and the removal of acti- 
vating calcium. The increase in the intracellular active 

calcium pool after an extrasystole potentiates con- 
traction yet may saturate the system responsible for its. 




















to prolong relaxation, loading conditions appear chiefly 
altered to produce the opposite, As with exercise, post- 
extrasystolic potentiation augments restoring forces, 
and left ventricular systolic pressure is slightly lowe 
The increase in T occurs despite this, suggesting that 
delayed inactivation has the predominant effect. In the 
canine left ventricle, Blaustein et al’ previously reported _ 
that postextrasystolic potentiation increases T despite 
changes in loading conditions which should decrease — 




















Elastic recoil and diastolic suction are being recon- 
sidered as potentially important mechanical determi-. 
nants of diastolic function. Sonnenblick!’ suggested 
that the smaller, more deformed end-systolic shape of 
the left ventricle during exercise produces restoring » 
forces which may augment. ventricular filling. Muscle. 
fibers shortening below slack length may produce in- 
ternal restoring forces while the deformation of the left —__ 
ventricular wall at end-systole may produce external _ 
restoring forces.‘4 Hori et al!® showed that negative 
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LVP (mmHg) : 
FIGURE 5. Left ventricular pressure and negative dP/dt 
from the isovolumic relaxation period. are shown from the ’ 
had both postextrasystolic potentiation (PES) and exercise stud 
time constant of relaxation (T) is the negative reciprocal 
of the linear regression between pressure and dP/dt coor 
dotted lines extend the linear regression to the left ventricul 4 
axis intercept: (Pg). During exercise (asterisks), T decre: 4 


“froma control value (solid circles) of 47 ms. Afte r PE 


to 72. ms and Pe became | 
ferent effects 


ji potentiation ots 











ix patients had diastolic pressure-volume 
structed from simultaneous microma- 
entricular pressure recordings and bi- 

i¢ volumes every 20 ms. A control 

circles) followed an unpotentiated 

open circles represent the diastole 

ly alter a postextrasystolic potentiated beat 

pite substantially increased T in 5 of the 6 

ients, no upward shift of the pressure-volume 
ion occurred after postextrasystolic potentiation. 
patient (J.C.) without an increase in T appeared 
to have a stight downward shift early in diastole. This 
probably. reflects enhanced elastic recoil from a 
ler end-systolic volume. In other patients, the 
olonged T apparently balances the enhanced elastic 
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tso that pressure-volume relations are not al- 


traventricular pressures occur in the canine left ven- 

le if filling is prevented by acute mitral orifice oc- 
ion. Both catecholamines and postextrasystclic 
tentiation produced smaller end-systolic volumes 
relaxed to more negative baseline pressures when 
filling was prevented. In certain states in humans as- 
sociated with small end-systolic volumes, negative in- 


© traventricular pressures have been reported.!%?° It 


- appears that negative pressures are not more commonly 
seen because of the simultaneous occurrence of rapid 
-filling which increases pressure proportional to volume 
crease; In mitral stenosis, in which rapid early filling 
pressure may be negative early in diastole.!9° 

ing dynamic exercise and after postextrasys- 

olic potentiation we have documented that end-systolic 
rreases. This parameter probably provides 

rate reflection of directional changes in 

g orces. An augmentation of restoring forces 

oth promote faster relaxation and result in 

essure decay toa lower, negative baseline if filling did 
Postextrasystolic potentiation is unique in 

ate of pressure decay from the small end-sys- 

eis clearly prolonged. The effect of this un- 

ination of factors is that filling and pres- 

olume relations in the following diastole are un- 

The significant prolongation of pressure decay 

rwise be expected to reduce early filling and 

up ard the pressure-volume relation during early 


Leayatolic volume counterbalances the effect 

pressure decay. 

apolated baseline pressure, Pp, is derived 
olumic data and theoretically represents the 

tained at infinity (when dP/dt = 0). Our 


sr vealed an upward shift in Pg paralleling the 
d-systolic volume and predicting elevated 
pressures.” The present study further 


mcept and shows some of its limitations. 


l A. 3 A t enn oo 4 
> 320 60 140 .. 220 60 
LEFT VENTRICULAR VOLUME (ml) 


exercise-induced reduction of perme volume 

not produce a more negative Pp. In addition, it is 
parent that in chronic heart failure with large end-sy 
tolic volumes and prolonged time constants, Pp is fore 
mathematically to an illogical, very negative valu 
(unpublished data). It appears that Pp does not always 
have the same physiologic meaning as the baseline 
pressure measured by Hori et al when filling is pre-_ 
vented. Pg does help in characterizing pressure decay _ 
which is not adequately described by a time consta) 
alone. During exercise-induced. ischemia in hum 
subjects, the time constant did not distinguish those 
with grossly elevated diastolic pressures from those with. 
normal pressures.’ In humans, pressure decay canno 
be assumed to always decrease to a zero baseline pres 
sure. Quantification of relaxation requires a metho 
allowing for variations in baseline pressure.”! 

Other methods for quantitating pressure decay ha 
subdivided the isovolumic period and calculated severa 
time constants.22 Rousseau et al?? showed that these 
time. constants move in the same direction after int 
coronary nifedipine.”? While this method of quantifyi 
relaxation was not completed for our data, it is unl 

` that our results would have been affected sinc 
extrasystolic potentiation and exercise produce 
directionally opposite effects on pressure decay 
Despite medications being held for the da 
catheterization, persistent medication effects 
sible. Beta-adrenergic blocking agents may attenu t 
the heart rate response and do slow pressure deca 
We observed no different response to postextrasystoli 
potentiation in those taking calcium antagonist; 
_ Contrast dye has no known effect on isovolumic 
laxation although no specific studies have bee 
` ported. Since we analyzed beats occurring ee 


contrast injection, significant hemodynami 
` due to contrast were s avoided. 














he coupling interval for the extrasyatole 7 was not 
systematically altered in this study. In the canine left 
entricle, Blaustein et al’ failed to find a significant 
effect of coupling interval or compensatory pause on 
either maximal negative dP/dt or T, even though 
aximal positive dP/dt was altered. In the present 
udy, the coupling interval was between 400 and 600 
is in all patients but no clear effect of coupling interval 
on T was noted. 

"he Pr, occurring typically early in diastolic repre- 
sents a crossover point of 2 major processes: pressure 
ecay from relaxation and pressure rise from filling. 
fter an extrasystolic potentiated beat, pressure decay 
is slower while filling is unaltered. As predicted, the 
minimal diastolic pressure is achieved later in diastole. 
During exercise, pressure decay is accelerated and filling 
is augmented and the minimal diastolic pressure is 
earlier in diastole. Maintaining low diastolic pressures 
ith augmented filling should be beneficial during ex- 
ercise when diastole is significantly abbreviated. 

_ Exercise and. postextrasystolic potentiation are 
commonly occurring events in humans and knowledge 
garding their effects on systolic and diastolic dy- 
amics may be. useful in several clinical situations. 
lypertrophic cardiomyopathy is characterized by a 
hypercontractile state with an elevated time constant 
_ of relaxation.2*25 The abnormal diastolic mechanics 
_ appear to be a consequence not only of the passive 
properties of the hypertrophied muscle, but also of 
abnormal relaxation.2*-24 When modifying diastolic 
_ function with pharmacologic agents, one must also 
_ consider effects on contraction-relaxation. Verapamil 
_ may “uncouple” contraction from relaxation since it 
_ depresses contractility and decreases the time constant 
of relaxation in dogs. Thus, it is increasingly apparent 
_ that diseases, drugs, and the nature of inotropic stimuli 
_ may dissociate diastolic from systolic mechanics. 
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Your patie ts deserve the best 


ECG analysis they canget. 





relevant information is recorded, under micro- 
computer control. Up to two days of patient data are 
captured on two multi-dimensional channels; a 
summary is then printed in your office within minutes 
—while the patient is still there. A strip chart record 
of each 10-second ECG measurement can also 
be quickly produced for further diagnostic 
accuracy. And because CircaMed is simple 
to use, a specially trained technician isn't 
required. 
That means now neither you nor your 
dimensional analysis. It puts the results patients have to worry about who's 
of real-time ambulatory monitoring right in charge of their ECG analysis: you are. 
where they belong: in your practice. `À You can both count on getting results 
With CircaMed, your patient's every quickly, economically and with complete 
heartbeat is analyzed, confidence. 
but only To find out how easy it is to bring ECG 
analysis into your practice, write us 
today for a brochure or demonstration: 
777 Palomar Avenue, Sunnyvale, CA 
94086. Or call: (800) 538-1772. In 
California (408) 738-8550. 


CIRCADIAN 


Leaders in real-time ECG analysis. 


If you're sending ECG 


monitoring tapes out to 
ours be analyzed, your h 
® patients aren't getting the 


kind of analysis they can have complete 
confidence in: yours. And you're not get- 
ting results that are as complete, time- 
saving and technically sophisticated 
as possible. 

But now you can, with the new, 
two-channel CircaMed with multi- 
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(PROPRANOLOL HCI) 








No agent offers a better risk/ 
benefit profile in arrhythmias 4 
than INDERAL (propranolol HCl). | 
INDERAL works to reduce heart 
rate and contractility, lengthen 
A-V conduction time, and sup- 
press automaticity'—helping to 
restore the heart rate to normal — 
in many patients with a wide | 
: variety of arrhythmias. 
ON Consider INDERAL for 

2 arrhythmias early—to restore 
cardiovascular well-being as 
soon as possible. 


Reference: 1. AMA Department of Drugs: AMA Drug Evaluations, 
ed. 4. Littleton, Mass., Publishing Sciences Group, Inc. , 1980, p. 520. 
Please see Brief Summary of Prescribing Information 
on the following page. 
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INDERAL — 
PROPRANOLOL HO) 


Poel The sooner, the better. 


l 


(PROPRANOLOL HC) 
To restore cardiovascular 
well-being. 


TM 


The appearance of these tablets is a trademark of Ayarst Laboratories. 


i Fs MARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR J 
Inderal fopranolol hydrochloride) 

EFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 

OULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 

RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF THIS DRUG 


: wee CONTRAINDICATIONS 

} bronchial asthma; 2) allergic rinitis during the pollen season. 3) sinus bradycardia and 

reater than first degree block: 4} cardiogenic shock; 5} right ventricular failure secondary 
pulmonary hypertension, 6) congestive hean failure (see WARNINGS) unless it is sec: 

ndary loa tachyarrhythmia treatable with propranolol, 7) in patients on adrenergic- 

ugmenting psychotropic drugs (including MAO inhibitors), and during the two week 
ithdrawal period fom such drugs. 


: i WARNINGS 
ARDIAC FAILURE: in congestive heart failure, inhibition with beta-biockade carries the 
olential hazard of further depressing myocardial contractility and precipitating cardiac 

re, In patients already receiving digitalis, propranolol may reduce the positive inotropic 
clon ol digitalis and nay have an addilive depressant effect on AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. in rare instances, cardiac 
failure has-developed during. propranolol therapy. At the first sign of impending cardiac 
failure. patients should be fully digitalized and/or given a diuretic, and observed closely: 
cA) diac failure continues, despite adequate digitalization and diuretic therapy pro- 

fanolal should be immediately withdrawn: b) if tachyarrhythmia is being controlled, 
patents should be maintained on combined therapy and closely followed until threat of 
cardiac failure is over. 


AN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and. in some cases, myocardial infarction, folowing abrupt discontinuation of 
INDERAL therapy. Therefore. when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
JNDERAL js prescribed for angina pectoris, the patient should be cautioned against 
terruption. or cessation of therapy without the physicians advice. I INDERAL therapy 
a8 intertupted and exacerbation ot angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management. of unsta- 
ble. angina pectoris. Since coronary artery disease may be unrecognized, if may be 
fudent to follow the above advice in patients considered at risk of having-occult athe 
rosclerotic heart disease, who are given propranolol far other indications, 


IN-PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from jong term use 
ave not been adequately appraised. Give special consideration to prapranolal’s potential 
aggravating congestive heart failure, Propranolol may mask the clinical signs of devel- 
ig Of continuing hyperthyroidism or complications and give a false impression of 


ovement. Propranolol should be withdrawn slowly, since abrupt withdrawal may be för , 


ed byan exacerbation of symptoms of hyperthyroidism, including thyroid storm. Pro 
iol does nat distort thyroid function tests 
PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
orted in: which, after propranolol, the tachycardia was replaced by a severe brady- 
ia requiring a demand pacemaker. In.one case this resulted after an initial dose of 
ia propranolol: < 
PATIENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs the ability of the 
att to respond to reflex stimul, Except in pheochromocytoma, propranolol should be 
idrawn 48 hours prior to surgery. In case of emergency surgery, the effects of pro- 
an be reversed by administration of beta-receptor agonists such AS isapro- 
noborlevarterenol, but such patients may be subject to protracted severe hypotension, 
Cully investarting and maintaining the heart beat has been reported. 
IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM {e g., CHRONIC BRON- 
3, EMPHYSEMA), administer with caution, since propranolol may block bronchodila- 
produced by endogenous and exogenous catecholamine stimulation of 
la-raceptors. 


DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Propranolol may prevent 
the appearance of pramonitory signs and symptoms (pulse rate and pressure changes) of = 
acute hypoglycemia, especially in patients with labile diabetes. A precipitous elevation of 
blood pressure may accompany hypoglycemic attacks. 

USE IN PREGNANCY! Safe use in human pregnancy not established, Embryotoxit ae 
effects have beer seen in animals at doses about 10 times the maximum recommended © 
human dose : : 


PRECAUTIONS 
Patients receiving catecholantine depleting drugs such as feserpine shouid be closely” 
observed if propranoldl is administered, since it may occasionally produce hypotension’ -. 
and/or marked bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypoten 
sion, ; 
Observe laboratory parameters at regular intervals. Use with caution in patients wi 
iipaired renal or hepatic function 


ADVERSE REACTIONS 
Cardiovascular: bradycardia, congestive heart failure: intensification of AV block: bypotens: 
sion, paresihesia of hanits: arterial insufficiency, usually of the Raynaud type: thrombocy- 
lopenic purpura. Central Nervous System: lightheadedness, mental depression : 
manifested by insomnia, la! de, weakness, fatigue; reversible mental depression pra- 
gressing to catatonia. visual disturbances; hallucinations:.an acule reversitie’syndrame 
characterized by disorientation for time and place, shart term memory loss, emotionat 
lability, slightly clouded sensorium, and decreased performance on neuropsychometrics. 
Gastrointestinal nausea, vomiting, epigastric distress, abdominal cramping, diarrhea: 
constipation, mesenteric arterial thrombosis, ischemic colitis. Avergic: pharyngitis. and 
agranulocytosis, erythematous rash, fever combined with aching and sore throat, larynga- 
spasm and respiratory distress. Respiratory: bronchospasm. Hematologie: agranulocy- 
tosis, nosthrombocytopenic purpura, thrombocytopenic purpura. Miscellaneous: : 
reversible alopecia, Ocuiomiucocutaneaus reactions involving the skin, serous membranes... 
and conjunctivae reported for a beta-blocker (practolol) have nat been conclusively Asso- 
ciated with propranolol, Cliniial Laboratory Test Findings: Elevated blood uréalevels in 
patients with severe heart disease. elevated serum transaminase, alkalina phosphatase, 
lactate dehydrogenase rs 


HOW SUPPLIED 

TABLETS 
-Each Rexagonal-shapert, orange, scored tablet is embossed with an “i” and Mpc! 
with “INDERAL 10; "contains 10 mg propranolol hydrochloride. in bottles of 160 (NDC ce: 
0046-0421-81} and 1,000 (NDC 0046-0421-01). Also in unit dose package dt 100 (NDC 
0046-0421-99), ; : 
-Each hexagonal-shaped, blue, Scored tablet is embossed with an "I" and imprinted wi 
“INDERAL, 20," contains 20 ma@'propranolel hycrochioride,.in bottles of 100 (NDE O04! 
0422-81) and 1,000 (NDC.0046-0422-91). Also in unit dose package of 100 (NDC 0046 
0422-99), ! 
~€ach hexagonal-shaped, green, scored tablet is embossed with an." and aprite 
with “INDERAL 40," contains 40 mg propranolol hydrochloride, in bottles of 10 3 
0046-0424-B1} and 1,000 (MOC 0046-0424-91). Also murit dose package of 100. 
0046-0424-99). si 
«Each Hexagonal-shaped, yellow, Scored tablet is embossed with an“ and: 
with INDERAL 80,” contains 80 mg proprandiol hydrochtoride, in battles 
0046-0428-81) and 1,000 (NDG 0046-0428-91). Alsa in unit dose package 
0046-0428-99), 4 

The appearance of these tablets is a trademark of Ayerst Laboratories, 

Store at room temperature (approximately 25° C} 
INJECTABLE pes 
~ Each mi contains 1 mg of propranolol hydrochloride in Water for Injection. The pH ie 
adjusted with citric acid. Supplied as 1 mi ampuis in boxes of 10 (NOC 0046-2265-10) 

Store at room temperature (approximately 25° C) ME OE 


Ayerst. AYERST LABORATORIES 


NEW YORK, N.Y 10017. 
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The Second Issue of the New Annual providing a multidisciplinary 


approach to the latest, most important information on the state- 
of-the-art of cardiovascular medicine and surgery 
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What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 


Th di | ies tob blished in th style fundamental and new information essential to understanding the 
e second in an annual series to be published in the current thinking on managing cardiovascular disease. It coordinates 


SPRING each year what's new with well-established data, arming the reader with a per- 
e A review of the year’s newest and most important spective on the field which is simply unavailable elsewhere. Its liberal 
developments in cardiology — 665 papers use of illustrations and original tables condenses valuable information 


tie t into instantly understandable knowledge. 
è A multidisciplinary approach to clinical and applied 


research based on an exhaustive search of the year’s Reviews of the first edition 
literature “..recommend...to any reader interested in the Aterature of cardiology.” 
e A unique, cohesive summary of the state-of-the-art, TAMA, ‘November, 1981 


written, not edited, by those making outstanding 


developments in the field “It is more than merely a reference book, since it explains what to the 


è A practical approach to a complicated and fast-moving average physician may be obscure... treasure house of 1980 
subject designed to be read and used daily ou gamle tater ik biases cereale) mT 

New York State Journal of 

CARDIOLOGY:1982 is NOT Medicine, September, 1981 


@ A collection of unrelated reviews 
7 i “This is an excellent book, very well organized and written...should be 
e An abstracting service on the shelf of the library, cardiologist, and internist.” 


e A rehash of materials readily available elsewhere Miltary Shedkcine, Novernber 1961. 


«> nladina dadiodlLlbemel nOn OoN lame aha lege dire a aOR o ao a R anemia reine re aia mR.) 
NEEL ERIA Yorke Medical Books, Box C-757, Brooklyn, New York 11205 AJCB3 





O Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a 
standing order. 


O Enclosed is my check for ________. Yorke pays postage and handling. 
(Same return privilege) 
(New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U.S. and Canada.) 


-= 
- 
; 
: 
O Please bill my O VISA O MasterCard (same return privilege) I 
Exp. date —————— Card No, —————— M/C Interbank No. ______ = 
- 
- 
a 


O Please bill me plus postage and handling (U.S. and Canadian orders only) 


Name ——— En — gs 
Address —— ŘaaiaasassassssusuusstsssssttutltMMMlMlMlMlM— 


ae 


City/State/Zip ————— ~ 
a a 
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The new super-portable SKI 5010 has the 
same advanced sector image as the SKI 5000- 
and less. 

Less size. 

Less weight. 

Less cost. 

Of course, it has a few less features than 
the SKI 5000. But it still has the same superior 
M-mode, manual TGC with nine separate slide 
controls, and a video tape recorder that 
produces compatible tapes with other recorders 





like the one in the SKI 5000. 
In addition, the SKI 5010 will accom- 


modate all new generation Microproses™ for 
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M-mode or sector 
imaging. For more 
information about 
the new SKI 5010 
or the SKI 5000, 
send coupon today. 
Or call toll-free 

© (800) 538-1556. 


In California ‘ New generation sector MICROPROBE. 


EKOLINE 


A XONICS COMPANY 
You can depend on us. 





EkoLine, Inc., 880 West Maude Avenue, Sunnyvale, CA 94086. 
__ Please send descriptive literature about the new SKI 5010 and SKI 5000. 


____ Have a representative call me. 











(408) 732-6010. EkoLine, Inc., 880 West Maude ee ~ Hospital 
Avenue, Sunnyvale,CA 94086. Adie : 
' City iA Statelean r Pidip 





Telephone Best time to call 
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complementary therapeutic effect: nitrates and bera-adrenergic blocking agents: 
educe myocardial oxygen demand by different mechanisms. 
Mechanism I: Nitrates reduce myacardial oxygen requirement by acting on sys 
_ circulation. Their vasodilaror action decreases venous return and systemic arte 
resistance, thus improving the balance between the need and supply of à 
Reduction in the myocardial oxygen requirement appears to be the major act 
of nitrates in relieving typical angina. However, selective dilatation of large corona 
essels by nitrates may be the primary mechanism by which they benefit pari ents 
with angina due to coronary spasm." : 
‘Mechanism Il: In contrast, beta-blockers block the bera receptor sires inthe hear 
itself, They work by reducing the heart rate and the force of contraction, there 
loweri ing oxygen demand. In addition to cardiac output ang heart rate, 2 Oe oo 
pressure is also decreased. : 
Beta-blockers may reduce the oxygen requirement of the heart ar ony giv A 
_ of effort by blocking catecholamine- induced increases in heart rare, systolic bloo 
pressure, and the ve locity and extent of myocardial contraction. 


inished side effects: some of the negative aspects of the effects of each ang re 
d. For example, concomitant nitrates oppose the increased ventricular size, 
sure, and end-diastolic pressure caused by beta-adrenergic anragonists.! 
The effects of NITROSTAT® SR and a beta-blocker are complementary: 
re result can be improved therapy for angina prophylaxis. — 


ay and all night prophylactic action with just two or three daily doses* - 











Supolied. 2.5-mng and 6.5-mg strengths, in bottles of 60 and 100 capsule : 
9.0-mg strength, in bottles of 60 capsules. 
lease see next page for brief summary of prescribing information. 


NI ROSTAT® SR...Backed by the experience and reputation of PARKE-DA\ 





al Academy of Sciences National Research: Council. and/or other informon on; FDA has clossified Py 
iGxis OF regiment of paging orade Fingl classification ort mel estha 








1g | 
A Bi! Summary follows: 





al INDICATION: Based on a review of 


-this. drug by the National Academy 
of Sciences— National Research 
Council and/or other information, 
FDA has classified'the incieation as 
follows. 

“Possibly” effective: For 
the management, prophylaxis or 
treatment of anginal attacks. 
Final classification of the less- . 
(u i than-effective indication requires 
“1 further investigation, 





- CONTRAINDICATIONS: 


Acute or recent myocardial infarction, 


severe anemia, closed-angle 
glaucoma, postural hypotension, 
> increased intracranial pressure and 
Idiosyncrasy to the drug. 


a Capsules must be swallowed. 

FOR ORAL, NOT SUBLINGUAL USE. 
-Nitrostat SR Capsules are not intended 
for immediate relief of anginal attacks. 

PRECAUTIONS: 
_ Intraocular pressure may be increased: 
‘therefore; caution is required in 


administering to patients with glaucoma. 


= Tolerance to this drug and cross- 
tolerance to other organic nitrites and 
nitrates may occur. If blurring of vision, 

_ “dryness of mouth or lack of benefit 
“-oecurs, the drug should be 
“discontinued, 

ADVERSE REACTIONS: 

Severe and persistent headaches, 

cutaneous flushing, dizziness and 

- weakness. Occasionally, drug. rash or 
exfoliative dermatitis; and nausea and 
vomiting may occur; these responses 
may disappear with’a decrease in 
dosage. Adverse effects are enhanced 

‘by ingestion of alcohol, which 


appears to increase absorption from 
the gastrointestinal tract. 


oe DOSAGE AND ADMINISTRATION: 
¿Administer the smallest effective dose 
¿2 or 3 times daily, at 8- to 12-hour 
_ intervals, unless clinical response 
“suggests a different regimen. 
(e Discontinue if not effective. oBB3Ga10 
«Manufactured by: 
KV Pharmaceutical Company 
St Louis, Missouri 63144 


le Distributed by. 


 PARKE-DAVIS | 


2 Division of. Warner-Lambert Company. S me 


a _ Morris Plains, New Jersey 07950 
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Primary Care Physician in Mind 


Rheumatology 
A Primary Care Approach. 


Written by: 


Bruce M. Rothschild, 


Director, Division of Rheumatology, University Health Sciences, 
The Chicago Medical School Chief, Section of Rheumatology, 
V. A. Medical Genter North Chicago, Illinois 


ISBN 0-914316-33-8 430 pp., illus., November 1982, $39.50 


at is Rheumatology: A Primary Care 
pproach? 


a succinct (approx. 450 pp.) yet comprehensive presentation of 
latest techniques in diagnosis and therapeutic interventions 
ost use to the primary care physician 
ical-“how-to” desk reference to a difficult but common 
affecting over 35 million patients in the U.S. alone 
meant to be used regularly, not read once and stored 
a library shelf 
mary care physicians’ answer to the huge, weighty 
on Rheumatology which offer too little on diagnosis and 
and too much on etiology and mechanisms of disease 


eumatology: A Primary Care Approach 


rch monograph filled with esoteric information of little 
the practicing primary care physician 
t to follow, badly organized reference tool requiring a 
orough knowledge of the subject matter before it can be us- 
effectively. 
nd verbose dissertation more useful as a door stop 
l reference 


if no other book on rheumatic disease which covers 
exhaustively in.terms of diagnosis and treatment 
wasting the busy practitioner's time by including 
tle interest to the primary care physician. This 
sizes that information necessary to recognize basic 
sracesses and their natural history. It provides the 
with the information necessary for making a diagnosis 
i a plan of treatment. Information on differential 
rom the point of view of characteristics which would 
: with a given diagnosis is also provided. It is especially 
on the interpretation of rheumatologic radiology and in 
ch to joint examination and assessment of lab results, 
ic disease cannot be cured but proper intervention can 
‘sometimes eliminate the attendant disability. This 
you with the means to diagnose, assess and 
yourself the necessary intervention. 


Preface: 


million individuals in the United States suffer 
, and there are only 3,000 physicians practicing 
It is evident that the majority of patients receive 
from the nonrheumatologist, i.e., the internist, 
ner, pediatrician and other disciplines in 
e, we require concise and authoritative 
guidelines for the primary care physician. With this as 
Dr. Bruce Rothschild has skillfully structured a text 
rticular and immediate needs of the practi- 
48 an important contribution to continuing 
of the clinician. It will: be of immediate in- — 
a wide variety of specialties and 
the faculties and ‘student bodies 


(Pease sees eee 


of our medical schools. We have long needed this type of ap- 
proach to primary care of patients with musculoskeletal diseases 
and we are indebted to the author for his accomplishments.” 


Alfred Soffer, MD 
Chief Editor Archives of Internal Medicine 


Table of contents 

Section 1 - Investigative Techniques * Chapter 1- The 
Rheumiatologic History and Physical Examination * Chapter 2 
Arthrocentesis and Joint Fluid Evaluation + Chapter 3 = 
Laboratory Studies © Chapter 4 - Radiology of Joint Disease 
Section 2 - Patterns of Disease * Chapter 5 - Infectious Ag 
Arthritis e Chapter 6 - Arthritis of Mechanical Derivation *: | 
Chapter 7 - Crystalline Arthritis + Chapter 8 -< Rheumatoid Ar- 
thritis ¢ Chapter 9 - Juvenile Rheumatoid Arthritis + Chapter 1 
- Ankylosing Spondylitis « Chapter 11 - Reiter’s Syndrome and 
Psoriatic Arthritis ° Chapter 12 - Arthritis Associated with. ~ 
Gastrointestinal Disease * Chapter 13 - Endocrine, Metabolic, 
and Deposition Disease + Chapter 14 - Arthritis Associated wi 
Hematologic Disease * Chapter 15 - Miscellaneous Causes of A 
thritis e Chapter 16 - Nonarticular Rheumatism * Chapter 17 - 
Systemic Lupus Erythematosus, Polymyositis, and Sjogren's Syn 
drome Ħ Chapter 18 - Scleroderma * Chapter 19 - Vasculitis/: 
Vasculopathy * Section 3 - Management * Chapter Z0 - Ap- 
proach to Diagnosis * Chapter 21 - Compliance and Quackery 
Chapter 22 - Salicylate Pharmacodynamics * Chapter 23 
-Medication Therapy * Chapter 24 - Rehabilitation Therapy * 
Chapter 25 - Surgical Intervention 5 i 


To order your ċopy of this important new book, 
please use the order form below. ee, 
jp ee AON OOR OS OA R R O M MR MR AG 
ORDER FORM a 
Please send me Rheumatology: A Primary Care Approac h 
$39.50, on 30-day approval. ` 
CI Enclosed is my check for $39.50 plus $1.50 for 
handling. Yorke pays postage (same return privilege) 
(New York residents add appropriate sales tax. Add $5.00 
book for orders outside the U.S, and Canada.) phe 
E) Please bill my A VISA m MasterCard ©) 
Gard No. ___. MC Interbank No, nnii i 


Exp. Date Signature, 


[©] Please bill me plus postage and handling 
(U.S. and Canadian orders only.) 





Name 





Address 
City/State/Zip 








‘Send orders to: 





retrograde control prevent 4 superior longevity from 
pacemaker induced tachycardie Ei the thinnest “DDD” pacer 


AUTIMA’s Post-Ventricular Atrial 7 q AUTIMA utilizes a large battery 
Refractory Period (PVARP) prevents: = capacity in a unique design to 
possible pacemaker inducement of 3 < provide superior longevity in a 
tachycardias when a patient’s a: compact “DDD” pacemaker. 
retrograde conduction is less than ~ F 


i : _AUTIMA is backed by a 4-year 
the Atrial Refractory Period of the A ; PAFA 
pacemaker. b $ product lifetime warranty to 


E protect you and your patient from — 
AUTIMA’s Post-Ventricular Atrial a » required elective pacemaker 3 


_ Refractory Period (PVARP) provides 3 T replacement. 
» your patient with this protection, ; 4 
othing else counts in the control 
of retrogrades. 


iy 


$ i i j Li 
PVARP : 
(Post Ventricular Atrial A 
Refractory Period) $ 


ees i | i , DDD 75 PPM |50 YRS. 


l SINGLE CHAMBER _ | 
: PACING P-SYNCHRONOUS 
i 


P 7 
I | i 
DDD 70PPM 4.0YRS. 


The atrial refractory 
period which follows a ventricular 
paced or sensed event. 





evaluates, diagnoses, and 
treats automatically 


Be eid, 
ey 


- AUTIMA “DDD” pacemaker 
`- automatically evaluates, 
_ diagnoses, and treats your patients 
= with the best pacing modality on a 
beat-to-beat basis. 
The AUTIMA “DDD” pacemaker 
adjusts automatically in the DDD 
mode to AAI, VDD, or DVI, from 
one beat to the next, ideally 
ponding to the patient's 
Anging physiological requirem 


\\ 


DDD 
PACING 


VDD 


earn 
DVI INHIBITED 


SHOWN ACTUAL SIZE 
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101 Inverness Drive East 8108 Yonge Street. Suite 212 115 Regents Park Road 2 Sirius Road. Lane Cove Rua Marques de Itu 837 
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“IN CLINICAL TRIALS 








AUTIMA® , Model 2251 
Dual Chamber Pacemaker 


“INDICATIONS 
“Indications include: 
“od. Maintenance: of critical atrial contribution to cardiac output in 
patients with ranging degraes of A-V: block. 

2. Generating an increased rate and atrioventricular LA- V} 
synchrony in cases of heart failure. related to bradycardia: 

3... Gverdriving certain tachyaerhythmias by. suppressing ectopic 
foci in both atriam and ventricle by improvement of cardiac 
output through A-V synchrony. by entering and blocking 
reentrant circus loops, and by maintenance of a fixed P-R 
interval. 


Such indications may include: 
+ Symptomatic, bradycardia 
e Sinus bradycardia with A-V block 
e Sick Sinus Syndrome 
» Certain drug-resistant reentrant tachycardia 
+ Atrial and ventricular ectopic arrhythmias 


CONTRAINDICATIONS AND SIDE EFFECTS 

Patients suffering from either atrial fibrillation or atrial flutter, even 
when. well controlled of intermittent. may be detrimentally affected by 
an atrial sensing mode. A dual chamber pacemaker may also be 
inappropriate for certain patients with retrograde conduction, as it 
tan lead to a form of tachycardia that is related to the pacing system 














_. Muscle of nerve stimulation, body rejection phenomena, local tissue 
reaction: skin necrosis, of embolism and cardiac tamponade may 
‘occur as with any implantable puise generator. 


PRECAUTIONS 
3 See physicians manual for the effects of electrical / magnetic 
.intederence, defibrillation. diathermy, random component failure, and 
battery depletion. ` 








For further intormation, contact your Telectronics representative or 
call us toll free at (800) 525-7042. In Colorado cali (303) 779-4670 
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Based on the proceedings of the 2nd Inter- : 
national Conference on Nosocomial Infections 
held August 5 - 8, 1980 in Atlanta, Georgia and | 
sponsored by the Center for Disease Control, this- 
book. provides between two covers the most com- | 
prehensive, in-depth study of this international 
problem published in 10 years. This major 5: 
reference is divided into 11 sections consisting of 
50 chapters written by over 100 internationally 
known experts. 


The book includes: AEN 
¢ An update of disease trends since the Ist Inter- 
national Conference held a decade earlier 
+ New information on the efficacy of specific 
approaches to infection control ; 
* Discussions on how to implement effective in- 
fection surveillance and control programs 
© Coverage of the increasing importance of anti- — 
microbial resistance of nosocomial pathogens 
¢ Information on the potential usefulness of = 
antimicrobial prophylaxis in selected patient — 
groups 
and many other topics. : 
5S a a TAT 
lYorke Medical Books wa 
B Box C-757, Brooklyn, ee 
New York 11205 





Please send me copy(s) of Nosocomial infections i 
in. hardbound ($29.50)... softbound ($19.50) 
7 (add $5.00 for orders outside the U.S. and Canad 
C Enclosed is my check for 

Yorke pays postage and handling. 
F © Please bill me plus postage and handling 
f (U.S. and Canadian residents only) 
gC Please bill my Visa ___. MasterCard 
g card No. hie. Coen 
i Exp. Date aaa M/C Interbank No. ooa 


[NAME 
I 


I ADDRESS 
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IESCRIPTION 
CARDIZEM" {diltiazem hydrochloride} is a calcium ion influx inhibitor (slow channel blocker or calcium antag- 
nist). Chemically, diltiazem hydrochloride is 1,5-Benzothiazepin-4(5H)one,3-(acetyloxy)-5-{ 2-(dimethy!- 
nino)ethyl]-2,3-dihydro-2-(4-methoxyphenyl)-.monohydrochloride,{+)} -cis-, The chemical structure is: 


o CH, 









HCI 


o 


OL sock 
| 


CHa CHyN(CHg)o 


Diltiazem hydrochloride is a white to off-white crystalline powder with a bitter taste. it is soluble in water, 
athanol, and chloroform. {thas a molecular weight of 450.98. Each tablet of CARDIZEM contains either 30 mg or 
ting dittiazent for oral administration. 


«INICAL PHARMACOLOGY 
The therapeutic benefits achieved with CARDIZEM are believed to be related to its ability to inhibit the intiux of 
{cium jons during membrane depolarization of cardiac and vascular smooth muscle, 
Mechanism. of Action. Although precise mechanisms of its antianginal actions are still being delineated, 
\RDIZEM is believed to act in the following ways: 
Angina Due to Coronary Artery Spasm: CARDIZEM has been shown to be a potent dilator of coronary 
arteries both epicardial and subendocardial. Spontaneous and ergonovine-induced coronary artery spasm 
‘are inhibited by CARDIZEM. 
2. Exertional Angina: CARDIZEM has been shown to produce increases in exercise tolerance probably due to its 
_ ability to reduce myocardial oxygen demand. This is accomplished via reductions in heart rate and systemic 
“blood: pressure at submaximal and maximal exercise work loads. 
In-animal models. diltiazem interferes with the slow inward {depolarizing} current in excitable tissue. It causes 
sitation-contraction uncoupling in various myocardial tissues without changes in the configuration of the action 
tential. Diltiazem produces relaxation of coronary vascular smooth muscle and dilation of both large and smali 
tonary arteries at drug levels which cause little or no negative inotropic effect. The resultant increases in 
tonary blood flow (epicardial and subendocardial) occur in ischemic and nonischemic models and are 
sompanied by dose-dependent decreases in systemic blood pressure and decreases in peripheral resistance. 
Hemodynamic and Electrophysiologic Effects. Like other calcium antagonists. diltiazem decreases sinoatrial 
d atrioventricular conduction in isolated tissues and has a negative inotropic effect in isolated preparations. in 
‘act animal, prolongation of the AH Interval can be seen at higher doses. 
la man, diltiazem prevents spontaneous and er onovine-provoked coronary artery spasm, It causes a decrease 
Jeripheral vascular resistance and a modest fail in blood pressure and, in exercise tolerance studies in patients 
h ischemic heart disease. reduces the heart rate/blood pressure product for any given work load. Studies to 
, primarily in patients with good ventricular function, have not revealed evidence of a negative inotropic effect: 
diac output, ejection fraction, and left ventricular end diastolic pressure have not been affected. There are as yet 
i data on the interaction of diltiazem and beta-blockers, Resting heart rate is usually unchanged or slightly 
luged by diltiazem. 
intravenous diltiazem in doses of 20 mg prolongs AH conduction time and AV node functional and effective 
factory periods approximately 20%. in a study involving single ora! doses of 300 mg of CARDIZEM in six normal 
unteers, the average maximum PR prolongation was 14% with no instances of greater than first-degree AV 
ck. Diltiazem-associated prolongation of the AH interval is not more pronounced in patients with first-degree 
irt Block. P patients with sick sinus syndrome, diltiazem significantly prolongs sinus cycle length (up to 50% in 
he casés). 
ahronic oral administration of CARDIZEM in doses of up to 240 mg/day has resulted in small increases in PR 
val, but has not usually produced abnormal prolongation. There were, however, three instances of second- 
jree AV block and one instance of third-degree AV block in a group of 959 chronically treated patients. 
‘harmacokinetics and Metabolism. Diltiazem is absorbed from the tablet formulation to about 80% of a 
ence capsule and is subject to an extensive first-pass effect, giving an absolute bioavailability (compared to 
venous dosing) of about 40%. CARDIZEM undergoes extensive hepatic metabolism in which 2% to 4% of the 
changed drug appears in the urine. in vitro binding studies show CARDIZEM is 70% to 80% bound to plasma 
‘teins. Competitive ligand binding studies have also shown CARDIZEM binding is not altered by therapeutic 
ičentrations of digoxin, hydrochlorothiazide, phenylbutazone, propranolol, salicylic acid. or warfarin. Single 
| doses of 30 to 120 mg of CARDIZEM result in detectable plasma levels within 30 to 60 minutes and peak 
a.tevels 2 to 3 hours after drug administration. The plasma elimination half-life following single or multiple 
rs ministration is approximately 3.5 hours. Desacety! diltiazem is also present in the plasma at levels of 10% 
10% of the parent drug and is 25% to 50% as potent as a coronary vasodilator as diltiazem. Therapeutic blood 
ils. of CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a departure from gose-iinearity when 
gle doses above 60 mg are given; a 120-mg dose gave blood levels three times that of the 60-mg dose, There is 
lormation about the effect of renal or hepatic impairment on excretion or metabolism of diltiazem. 
JICATIONS AND USAGE 
“Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM is indicated in the treatment of angina pectoris 
‘due to coronary artery spasm. CARDIZEM has been shown effective in the treatment of spontaneous 
Coronary artery spasm presenting as Prinzmetal's variant angina {resting angina with ST-segment elevation 
-gccurting during attacks). 




















NTRAINDICATIONS 
‘ARDIZEM is: contraindicated in 1) patients with sick sinus syndrome except in the presence of a functioning 
tricular pacemaker, 2} patients with second- or third-degree AV block, and 3) patients with hypotension (less 
1 90.mm Hg systolic). 


NINGS 
Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without Significantly prolonging sinus 
node recovery time, except in patients with sick sinus syndrome. This effect may rarely result in abnormally 
stow heart rates [particularly in patients with sick sinus syndrome) or second- or third-degree AV block (4 of 
959 patients for 0.42%). Concomitant use of diltiazem with beta-blockers or digitalis may result in additive 
ceffects on cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (2 to 5 
_ Seconds) after a single dose of 60 mg diltiazem. 
; Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with normal ventricular function have not shown a reduction 
|W cardiac index nor consistent: negative effects on. contractility (dp/dt}.. Experience with the use of 
_ CARDIZEM alone orin combination. with beta-blockers in: patients with impaired ventricular function is 
‘Very limited. Caution should be-exercised when using the drug in such patients. 
« Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally resultin 
_ symptomatic hypotension. i Ser x 
Acute Hepatic Injury.. There has been.a single raport in a patie 
‘Marked transaminase elevation (SGOT-4500, SGPT 231 















i ceiving 120 mg of diltiazem tid. of 
ied by hyperbilirubinemiia (to 3.mg%). 





cardizem. 
I iiltiazern HCl) 


30 mg and 60 mg tablets 





no afer jour days of treatment. The enzvme abnormalities rasaived entirely and arsumae werenearu 












of viral hepatitis and received no other drugs but isosorbide dinitrate. ni 

No other similar fiver injury has been reported in clinical trials, but marketing experience in Europe hi 
resulted in 4 rechallenge confirmed instance of hepatocellular injury. However, it should be noted that the 
have been further episodes of raised transaminases in the absence ot diltiazem in this patient. so.that t 
relationship to diltiazem of the abnormalities is not completely clear. Other instances of transamina: 
elevation have been reported in Europe, but their relationship to drug is uncertain. 


PRECAUTIONS 












usually well tolerated, Available data are nat sufficient, however, to predict the effects of concomitant treatment 
particularly in patients with left ventricular dysfunction or cardiac conduction abnormalities: the effect of diltiazen 
On serum digoxin levels has not been examined. The safety of the combination of CARDIZEM and beta-blockers 01 
digitalis is currently being investigated in well-controlled studies | 
Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and a 21-month study in mi 
showed no evidence of caranogenithy There was also no mutagenic response in in vitro bacterial tests, N 
intrinsic effect on tertility was observed in rats. 
Pregnancy. Category C. Reproduction studies have been conducted in mice, rats. and rabbits. Administratio 
of doses ranging from 5 to 10 times greater (on a mg/kg basis) than the daily recommended therapeutic dose hi 
resulted in embryo and fetal lethality. These doses. in some studies, have been reported to cause skeletal 
abnormalities. In the perinatal/postnatal studies. there was some reduction in early individual pup weights an 
survival rates. There was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 
There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women only i 
the potential benefit justifies the potential risk to the fetus ™ 
Nursing Mothers, it is not known whether this drug is excreted in human milk. Because many drugs arel 
excreted in human milk, exercise caution when CARDIZEM is administered to a nursing woman if the drug's 
benefits are thought to outweigh its potential risks in this situation. 
Pediatric Use. Satety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it should be recognized that patients! 
with impaired ventricular function and cardiac conduction abnormalities have usually been exciuded. Experience 
with an added beta-blocker is also extremely limited. 

in domestic placebo-controlied trials, the incidence of adverse reactions reported during CARDIZEM therapy 
was not greater than that reported during placebo therapy, 

in addition, the folowing have been reported infrequently and represent occurrences which can be at least 
reasonably associated with the pharmacology of calcium influx inhibition. in many cases, the relationship to 
CARDIZEM has not been established. The most common occurrences, as well as their frequency of presentation, | 
are nausea (2.7%). swelling/edema (2.4%), arrhythmia (2.0%), headache (2.0%), rash (1.8%). and fatigue 
(1.1%). in addition, the following events were reported infrequently (<1 0%). The order of presentation 
corresponds to the relative frequency of occurrence. 
















Cardiovascular Flushing. congestive heart failure, bradycardia, hypotension, syncope, pounding 
heart 
Central Nervous System: Drowsiness, dizziness, lightheadedness, nervousness, depression, weakness. in- 
somnia, confusion. hallucinations 
Gastrointestinal: Vomiting. diarrhea, gastric upset. constipation. indigestion, pyrosis 
Dermatologic: Pruritus, petechiae, urticaria 
her: Photosensitivity, nocturia, thirst, paresthesia, polyuria, osteoarticular pain 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of vasospastic angina developed periods of transient 
asymptomatic asystole approximately five hours after receiving a single 60-mg dese of CARDIZEM. 

Experience in 059 patients taking oral doses of CARDIZEM resulted in three cases (0.31%) of second-degree AV 
block and one case (0.10%) of third-degree AV block at doses of 240 to 360 mg daily. 

in rare instances, mild to moderate transient elevations of alkaline phosphatase, SGOT, SGPT, LDH, and CPA 
have been noted during CARDIZEM therapy. A single incident of markedly elevated liver enzymes associated zl 
symptoms was reported in a patient taking 360 mg per day for four days, Drug was discontinued and enzymes 
normalized within 1 week, 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experiences with oral diltiazem have not been reported. Single oral doses of 300 mg of CARDIZEM 
have been well tolerated by healthy volunteers. in the event of overdosage or exaggerated response, appropriate 
Supportive measures should be employed in addition to gastric lavage. The following measures may be: 
considered: 
Bradycardia Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, | 
administer isoproterenol cautiously. | 
High-Degree AV Block Teat as for bradycardia above. Fixed high-degree AV block should be treated with 
cardiac pacing. ; 
Cardiac Failure Administer inotropic agents (isoproterenol, dopamine or dobutamine) and diuretics; | 
Hypotension Vasopressors (eg, dopamine or levarterenot bitartrate), meg 
Actual treatment and dosage should depend on the severity of the clinical situation and the judgment and: 
experience of the treating physician. a 
The oral LDso’s in mice and rats range from 415 to 740 mg/kg and trom 560 to 810 mg/kg, respectively: The: 
intravenous LDse's in these species were 60 and 38 mg/kg. respectively. The oral LDso in dogs is considered to be 
in excess of 50 mg/kg while fethality was seen in monkeys at 360 mg/kg. The toxic dose in man is hot known, but 
blood levels in excess of 800 ng/mi have not been associated with toxicity. a 


DOSAGE AND ADMINISTRATION cent 

Exertional Angina Pectoris Due to Atherosclerotic Coronary Artery Disease or Angina Pectoris at Rest Due to 

Coronary Artery Spasm. Dosage must be adjusted to each patient's needs. Starting with 30 mg four times daily; 

before meals and at bedtime, dosage should be increased gradually to 240 mg (given in divided doses three or four: 
times daily) at one- to two-day intervals until optimum response is obtained. The effectiveness and ‘satety of. 
dosages exceeding 240 mg per day are currently being investigated. There are no available data concerning dosage 
requirements in patients with impaired renal or hepatic function. If the drug must be used in such patients, titration 
should be carried out with particular caution. 

Concomitant Use With Other Antianginal Agents. 

1. Sublingual NTG may be taken as required to abort acute anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy — CARDIZEM may be safely co-administered witir short- and long-acting. 
nitrates, but there have been no controlled studies to evaluate the antianginal effectiveness of this” 
combination 

3. Beta-blockers (See WARNINGS and PRECAUTIONS). 


HOW SUPPLIED ; 
CARDIZEM 30:mg tablets are supplied in bottles of 100 (NDC 0088-1771-47}. Each green tablet is engraved with | 
MARION on One side and 1771 engraved on the other. CARDIZEM 60-mg scored tablets afe supplied in bottles of 
100 (NDC 0088-1772-47). Each yellow tablet is engraved with MARION on-one side.and-1772 on the epee 8 
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: omparison of the Antithrombotic Action of Calcium 
e agonist Drugs With ee ene in Dogs 
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3ecause e platelet activation i is associated with fluxes 

f intracellular calcium, calcium antagonist drugs 
uch as verapamil and nifedipine may have useful 

_ platelet inhibitor effects. Accordingly, the effect of 
hese drugs was compared with that of dipyridam- 

le, an established platelet inhibitor, in preventing 
he leposition of indium-111-labeled autologous 
atelets and thrombus development in polytetra- 

_ fluoroethylene (Gore-Tex®) grafts interposed in both 
_ femoral arteries in mongrel dogs. Eight dogs re- 
eived verapamil 7.5 g/kg/min perioperatively, 8 
_ dogs received nifedipine 4 ug/kg/h perioperatively, 
_ 8 dogs received dipyridamole 50 mg orally given 
_ twice during the 24 hours before operation, and 16 
- control dogs received isotonic saline solution per- 
‘atively. After 3 hours of perfusion, the median 


i bosis in the high-pressure arterial system is the 
esult of a complex interaction between the vessel wall 
blood components. Initially, ¢ a + primary alee of 


for the process of Fo activation, namely, 
lul elensé of adenosine diphosphate,” the pret 


weight of the grafts and luminal thrombus v 

in dogs treated with dipyridamole 5. 
verapamil (453.7 mg), or nifedipine | 

in control dogs (680.2 mg) (p <0.0 

the estimated total platelet depositio ng the | 
was reduced in dogs treated with dipyridamo 
(2,073.2 X10) (p <0.01), verapamil (1,8 
X106) (p <0.001), and nifedipine (1,474. 

(p <0.001) as compared with control is 
X10). When the mural thrombus wa 

14 grafts, a median 73% of the let 
cated in the interface between thrombus 

We conclude that all 3 drugs prevent 

mation by inhibiting platelet activity in 

and that the calcium antagonist drugs a ar 
fective as dipyridamole. ; i 


sult in a decrease in cyclic adenosine 5!-monophosphi 
an increase in cytoplasmic calcium, and a subse 
shape change and release. t®!! Reduction of this 
calcium into the cytoplasm might limit or abolis 
platelet response, irrespective of the nature of the pr 
mary stimulus for activation. Thus, the calcium an 
tagonist drugs nifedipine and verapamil may have 
potential role as “climeally useful platelet- inhibit 
drugs. i 

In vivo platelet thrombus can now be identified ł 
labeling autologous platelets with indium- 
Therefore, we have developed a model of thrombosis | 
dogs, using femoral artery grafts, in which we compare 
the platelet-inhibitor effect of verapamil and nifedipi 
with that of the established platelet-inhibitor dip: 
ridamole.3.14 


_ Methods 


The dog model: Platelet deposition and thrombo Co 
clusion were studied in bil al artery graf 
mongrel dogs (weight 

thesia with pentob: 














intravenously. A 4-cm segment of each femoral artery was then 
replaced with 5 cm of expanded polytetrafluoroethylene 
Gore-Tex, W: L. Gore and Associates), 4 mm in diameter, and 
ining 7-0 Prolene sutures were used at the anastomoses. 
‘he longer length of graft used to replace the segment of ar- 
ery reduced the tension on the anastomotic sites resulting 
rom the intrinsic elasticity of the arteries. By interposing 
olytetrafluoroethylene grafts bilaterally, any thrombus 
- formation that might have resulted from unilateral errors in 
urgical technique rather than differences in antithrombotic 

: herapy could be recognized. 
Three hours after blood flow was resumed through the 
grafts, the dogs were killed with an overdose of pentobarbital 
_and the grafts were removed. By this time no effect of circu- 
lating heparin on the partial thromboplastin time was de- 











Treatment groups: Forty animals were studied; 8 received 
ntravenous verapamil (7.5 ug/kg/min), 8 received intravenous 
ifedipine (4 ug/kg/min), 8 received oral dipyridamole (100 
ag inthe 24 hours before the study), and 16 served as con- 
rols. 
The dosage regimens were selected on the basis of published 
eports.5-17 Both verapamil and nifedipine were given in 
otonic saline solution immediately after induction of anes- 
esia before operation was begun, and the infusion was 
continued until the grafts were removed. Verapamil plasma 
levels were determined by a modification of the high pressure 
quid chromatographic method of Harapat et al.18 The me- 
ian verapamil concentration was 174.5 + 33.4 ng/ml (mean 
istandard deviation) at.3 hours; this regimen caused a 7.8 + 
b increase.in femoral artery blood flow measured by a 2 
hannel electromagnetic flow meter (Carolina Medical Elec- 
ronics), a 14.2 + 2.7% increase in heart rate, and no alteration 
n mean. aortic pressure. No plasma nifedipine levels were 
easured, but the dosage regimens used caused a 7.6 + 4.5% 
-increase in femoral artery blood flow, a 17.3 + 6.7% increase 
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FIGURE. 1. Comparison of total. weights of right and left. polytetra- 
luoroethylene. grafts (including thrombus) after 3 hours of perfusion 
wena mr = = 10) and Feated ps = ? oot for sach woup. 








xposed. on neach side ande cross- clamped after: a bolus of hep- ue in heart rate, kad a 15: 6 +i 8% deroa: in meat ortic pres- ne 


rin (100 U/kg Upjohn Beef Lung, Upjohn) had been given 


sure. Because of the photosensitivity of nifedipine i in solution, 
a light-free system of administration was used. i 
Dipyridamole was given orally in 2 doses during the 24 
hours before the study. The second dose, given 1 to 2 hours 


before operation, resulted in a median plasma dipyridamole -7 


concentration of 370 ng/ml (range 235 to 550) at 3 hours. No 
hemodynamic measurements were made and, as with the 


control dogs, isotonic saline solution (100 ml/h) was given | 


intravenously during the study to these dogs. This volume of 
saline solution was similar to that given to the dogs treated 
with verapamil and nifedipine. 

Indium-111 labeling of platelets: Eighteen to 24 hours 


before operation, 43 ml of blood was withdrawn from the dog 
into 7 ml of acid-citrate-dextrose anticoagulant and labeled: © 
with indium-111 tropolone according to the method of De- > 
wanjee et.al.!9 Two hours later, the platelets, resuspended in 


plasma, were injected in doses of 300 to 500 uCi. 
Processing of grafts: After the grafts were removed, they: 
were gently perfused with isotonic saline solution and any < 


blood was cleaned off the exterior surface. The grafts were S 
then sectioned into 5 pieces in order to assess thrombus for- : 


mation in different parts of the graft. Each anastomotic sec- 
tion consisted of 2 mm of native artery and 2 mm of polyte- 
trafluoroethylene. The middle sections consisted of 3 equal 
lengths of polytetrafluoroethylene. 

The effect of the drugs was assessed in 2 ways: 


1. Thrombus formation: Formation of thrombus was es- 


timated from the weights of the graft section: because the dry 


weight of:each 5-cm length of polytetrafluoroethylene was o 


found to be almost the same (257 to 264 mg), the increased 
weight of the graft sections represented thrombus formation. 
Before the sections were weighed, care was taken to ensure 
that no saline solution remained in these graft sections... 

2. Platelet deposition: The radioactive counts arising front 
platelets deposited on the graft wall were measured ina 
gamma counter (Beckman Gamma 8000). The gamma-ray 
spectrometer was adjusted to include the 174, 247, and 421 


(sum peak) keV of indium-111 radionuclide. The activitiesof 


3 5-ml samples of blood, taken from each animal at the time 
the grafts were removed, were also counted. From the platelet © 
count (measured on a sample taken before heparinization), 
the number of platelets deposited/centimeter length of graft 
could be estimated. 
Platelet distribution in thrombus: To assess the relation — 
between weight and platelet count, 14 grafts underwent fúr- 
ther analysis. After weighing the graft and thrombus together, 


the body of each thrombus was removed and weighed sepa- > > 


rately. From the radioactivity of each graft and that of the 
thrombus removed from it (corrected for weight), the number 
of platelets located at the graft-thrombus interface and within 
the body of the thrombus could be measured. k 
Analysis of data: The results of thrombus: weight and 
platelet deposition from the 2 grafts in each dog were aver 
and the average values were analyzed. 
For statistical analysis the Mann-Whitney U test fo dif- 
ferences between independent samples was used. 


Results 


The degree of occlusion observed in the grafts varied; 
there was usually either a white lining layer of platelets ‘ 
streaked with red cells, or partial occlusion of the graft 
by protruding red thrombus extending along its length. 
In 6 control dogs and in 2 dogs from each treatment é 





group, however, the grafts were occluded. ep 
.. Thrombus weight: For each dog studied . a close oa 
correlation existed te ee 


: 0.88, P <0.001) 























TABLE P it Total Platelet Deposition Within th the 


iF Hours of Perfusion 








p Value 
Versus 
Control n 


duis Control ` 16 
<0.001 Dipyridamole.:. 8. 
<0.001 Verapamil 8 
<0.001 ipine 8 


Median Platelet 
Count X 108 


3,056.2 
2,073.2 
4,898.9 
4 474. 8 


Median 
(mg) 


680.2 
465.1 


Range (mg) 


401,9-1032.6 
387.5-863.9 
453.7 302.4-742.9 
389.7 355.0-837.0 


native artery at each anastomosis. 





1,040.9-7,764.6  .. 
812.1-8,261.8 
360.5-5,63 
885.2-8,972.9 


i includes 2 mm of {native artery at epee anastomosis. 


PAn -DGI DGAn 


DDOD Ü 


Se iee Control 
E abn Nifedipine 
~~ Verapamil 
Weight oa Dipyridamole 
of Graft 
+ Thrombus 


(mg/cm) 
80 
60 
40 
20 


Dipyridamoie: 
Verapamil: <0.01 
Nifedipine: <0.01 ; 
istribution of thrombus formation in ieee A grafts after 3 hours of perfusion (mediat value giet) in control in 
ted (n. =.8) dogs for each group. (The weights of the anastomoses.have been standardized to 1.0 cm for comparison with the rest o 
tons.) DG = distal graft section; DGAn = distal anastomosis; MG = middie graft section; PAn = proximal anastomosis; PG = pro 


<0.01 
p value 
vs control 


verapamil reduced platelet accumulation at the: ] 
mal anastomosis. 

Platelet distribution in thrombus: The medi f 
radioactivity of thrombus removed from 14 grafts we 
27% (range 5 to 49) of that of the total graft. Thus, m 
platelets in the thrombosed grafts were located at t 
graft thrombus interface and few platelets were prese 
in the body of the thrombus. This pattern of d 
tion of platelets within the thrombus indi ated 


he thrombus deposited in each of the 2 grafts 

*he median weight of the grafts from the 

d dogs was significantly lower than the median 

of those from the control dogs (Table I). No 

se in median weights was observed among the 
reatment groups. 

duction in weight occurred along all 3 middle 

of the grafts, but not at the anastomoses (Fig. 


let deposition: For each of the dogs studied, a 
lation existed (r = 0.89, p <0.001) between 
f ae eee in each of the 2 grafts 


ig 
he 3 middle sections and although.all of 


ffect at. the distal omnia: only 


the notable decrease in platelet deposit. 

in the treated dogs was not merely caused by are 

in the amount of mural thrombus, but also b: 
actual decrease in platelets deposited along the 
surface. 


Discussion 


This in vivo model of thrombosis in a high-pressu 
ngb flow system has advantages over in vitro tes! ;t 
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IGURE 3. iBA of total number of platelets deposited ön right 
and left: polytetrafluoroethylene grafts after 3 hours of perfusion in 
control (n = 16) and treated {n = 8) dogs for each group. 


he contribution of circulating prostacyclin in pre- 
enting thrombosis is uncertain, the grafts do not have 
» protection of the prostaglandin and fibrinolytic 
tems located in the natural vascular endothelium. 
t therefore remains an artificial system in which the 
ossible counterbalancing effect of drug treatment on 
these natural antithrombotic mechanisms cannot be 
totally assessed. 
In this model, dipyridamole, verapamil, and nifedi- 
ine all had effective antithrombotic actions in the doses 
administered and this action seemed to be mediated 


atelet Deposition 
10° platelets/cm 


tire Control 
me — Verapamil 
mmm Dipyridamole 
ts Nifedipine 


p value: : 
NS control, : (8 
i Nifedipine: 


Diiren A an < x000 pe 0.001. 000] 
= Verapamil: < <0. _20001 < <0001" 0 <000) 


is very variable and 6 control dogs and 2 dogs | from each 
treated group developed occlusions in both. grafts : 
however, no other tests of platelet function were per 

formed which might have shown that these dogs had. 


more active platelets. Frequently, only a lining white | a 


layer of platelets streaked with red cells was observed | 


in the grafts of the treated animals. It is possible that e 


a threshold number of platelets has to accumulate on 
the graft surface to trigger the formation of the red cell 
fibrin network of which the bulk of mural thrombi are 
made. The drugs may reduce this platelet accumulation 
and thereby prevent thrombus formation. 

All 3 drugs are known to alter circulatory hemody 
namics. Such changes might have contributed to th 
reduced thrombus formation observed in the treated 
dogs. However, only a small increase (<8%) in femoral . 
artery blood flow was observed; this is unlikely to be a. 
critical change. Furthermore, no relation was observed 
between femoral artery blood flow and thrombus for: 
mation. 5 

The anastomotic sites of the grafts are important foci l 
for throm bogenesis. Both the presence of sutures and 
difference in compliance of the artery and the graft re 
sult in turbulence which leads to thrombus formation. 
The effect of the drugs on these sites was less clear. The | 
number of platelets on the anastomoses included those 
plugging the suture line and those trapped in extra- 
vascular thrombus adherent to the sutures; this is d 
ficult to remove completely during the preparation o 
the graft for analysis, which may account for the lack 
demonstrable effect of any of the drugs on thrombus 
weight at either anastomosis. Furthermore, in the 
control dogs, platelet deposition at the distal: anasto- : 
mosis was twice that at the proximal anastomosis, . 
suggesting that thrombus formation begins distally. All 

3 drugs reduced platelet deposition at the distal anas- 
tomosis, but only verapamil was effective at the proxi 


| “FIGURE 4. Distribution of platelet depo 
<0.001.” “trafluoroethylene grafts after 3 hours. 
0.091 values, platelet count x 108/cm) 
oo2s — Figure : ; 





al anastomosis. This may indicate that verapamil is 
more effective platelet inhibitor than either dipy- 
idamole or nifedipine. 
ipyridamole: This drug is often prescribed as a 
atelet inhibitor, particularly in combination with as- 
pirin.2° It appears that by blocking the platelet phos- 
sdiesterase enzyme,!32! dipyridamole potentiates 
ease in cyclic adenosine 5’ monophosphate and 
caused by the vessel wall prostacy- 
pl inhibition action of this drug was well 
strated in this dog model and gives a point of 
ce against which other drugs may be com- 
pare 
Nifedipine and verapamil: Nifedipine and vera- 
pamil have different structural, electrophysiologic, and 
pharmacologic properties.?? In this study, their an- 
thrombotic effect was found to be similar and equiv- 
ent to that of dipyridamole. The plasma levels of 
verapamil and dipyridamole were in the range en- 
countered in clinical practice?3?4; the plasma level of 
nifedipine was not measured but produced hemody- 
ic changes similar to those of verapamil. Other in- 
gators have differed about whether verapamil has 
ignificant platelet inhibiting action at therapeutic 
lasma levels,25-26 but in contrast to this study, their 
usions were based mainly on in vitro platelet 
iction tests. 
xe mechanism by which these calcium antagonists 
ıhibit platelets is uncertain. They may prevent internal 
elease of calcium from the tubular system into the 
toplasm; alternately they may reduce calcium flux 
cross the plasma membrane, a process that is known 
o occur during platelet activation, and which may be 
imulus for the mobilization of intracellular calci- 
27,28 Regardless of their specific action, however, the 
al effect may be equivalent to that of dipyridamole 
that they inhibit the final stages of the biochemical 
thways involved in platelet activation. 
nclusion, this study has demonstrated that in 
odel both nifedipine and verapamil have a 
let-inhibitor function equivalent to that of dipy- 
e and both can reduce the development of 
ibus on prosthetic material. The well-recognized 
variability of platelet behavior prevents any 
parisons between the findings in this study 
likely platelet inhibitory effect of these drugs 
ans. Preliminary reports by other investiga- 
however, suggest that human platelets can be 
d by verapamil. If so, our findings may indicate 
useful feature of 2 calcium antagonist drugs 
y of proven value in the management of cardio- 
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everal clinical studies suggest that drugs which 
terfere with platelet function may protect persons 
t risk for sudden death. However, there is no direct 
vidence that intracoronary platelet aggregation 
roduces cardiac arrhythmias. Induction of fixed 
tial coronary stenoses in dogs resulted in spon- 
ineous cyclical reductions in coronary blood flow 
[21 to 81% (p <0.01). These changes are known 
to be associated with the formation and distal em- 
lization of platelet aggregates. These reductions 
Coronary blood flow were accompanied by sig- 
ficant decreases in the repetitive extrasystole 
~40%) and ventricular fibrillation (—38 %) 
resholds. Prostacyclin (PGI2), a potent vasodilator 
id inhibitor of platelet activation, in increasing 
ses of from 25 to 100 ng/kg/min caused a step- 


he problem of sudden cardiac death compels in- 
easing attention because of the inordinate magnitude 
fatality as well as the growing realization that the 
oblem is reversible as well as preventable. Although 
ath is caused by ventricular fibrillation, the precipi- 
g mechanisms of the lethal arrhythmia remain 
efined. Since in most sudden death victims acute 
rdiac morphologic lesions are lacking, the possibility 
a transient ischemic process needs to be considered. 
scular platelet aggregates may contribute to the 
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wise decrease in the frequency and magnitude of | 
coronary blood flow fluctuations and restored the oe 


aggregation contributes to electrical destabilizatio 
of the myocardium and may predispose to ventric 
ular fibrillation. A model is thus available for furthe: 
investigating the role of platelets and antiplatelet 
drugs in modulating ventricular electrical sta- 
bility. ee 


ischemic process. The induction of platelet aggregation : 
in animals with adenosine diphosphate causes both | 
myocardial infarction and lethal arrhythmia 





nifica anges i in the ‘ailnerable as threshold, 
o define mechanisms involved in the observed 


Methods 


eneral procedures: Twenty-six healthy mongrel dogs 

of either sex, weighing 12 to 22 kg, were used in this study. 
thesia was induced with intravenous alpha-chloralose, 
mg/kg (Sigma Chemical, 10% weight/volume). Additional 
lose, 50 mg/kg, was given to maintain the level 

esia during the course of experiments. The animals 

tilated with a mixture of room air and 100% oxygen 

ugh a cuffed endotracheal tube, using a Harvard 

pirator. The mixture contained approximately 40% oxygen 
and was adjusted, together with respiratory rate, to maintain 
-arterial oxygen tension of 80 to 100 mm Hg and arterial pH 
of 7.35 to 7.45. A polyethylene catheter was inserted into a 
emoral artery to sample arterial blood and monitor systemic 
ood pressure. Mean pressures were obtained by electrically 
Legrating the pulsatile output of the transducer. A femoral 

in was cannulated for drug administration. Defibrillation 
was accomplished within 5 seconds of initiation of ventricular 
brillation, utilizing a direct current capacitor discharge from 
wn cardioverter. A 10 to 40 W second shock was delivered 

y means of 2 electrode paddles applied directly to the 


left t circumflex coronary artery was dissected about 1 cm 
1 its origin and ald ‘to 2.2mm electromagnetic flow probe 


flow measurements were performed, using a Gould 
ham Blood Flowmeter, model SP2202. Pulsatile and mean 
nary artery blood flow were recorded throughout the ex- 
lent, together with aortic blood pressure, on a multi- 
polygraph recorder. 
ardiac testing: Testing stimuli of variable duration were 
nployed, using electrically isolated Grass S44 and $88 square 
ave pulse generators. A Kepco operational power supply 
ype OPS-100) provided constant current stimuli (2% accu- 
The: current output was directly verified by means of 
:ktrofiix P6021 alternating current probe attached to a 
nix P6120N oscilloscope. Timing of stimuli was con- 
ed, using a BRS digital timer with a crystal-controlled 
time base (40.01% accuracy) and was synchronized from the 
f the QRS complex. The pulse generator was equipped 
pp priate circuitry to shut off the pacemaker output 
© 3 seconds after delivery of the test stimuli. Ventric- 
ation thresholds were determined using the single 
s method.!! 
o stimulus method: Two bipolar catheters were used. 
(Medtronic 5818 platinum electrodes with an in- 
le distance of 1.5 cm and a pole width of 3 mm) was 
e right ventricular apex by way of a jugular vein. 
er served to deliver test stimuli. The second 
. Catheter Corporation, semifloating 003992 4F) 
d to the pacing catheter by silk ligatures and termi- 
1 proximal to the tip of the pacing catheter. This 
‘was used to record the intracavitary electrocardio- 
Heart rate was controlled using a variable rate pace- 
at delivered constant current rectangular stimuli 
ation of 2ms. The current of the pacemaker was set 


needle electrodes applied directly to the left 
gé ing cardiac testing, the heart rate was 


in 10 ms intervals beginning at the boundary of the effe 
refractory period and terminating beyond the T wave. 
current was then increased in 2 mA steps and scan 
continued. The lowest stimulus intensity that elici 
tricular fibrillation was taken as the ventricular fibrilla 
threshold (VFT). The lowest stimulus provoking a 
undriven extrasystole was taken as the repetitive extrasystol 
threshold (RET). 

Technique of partial coronary stenosis: Parti coro 
stenosis was produced using methods describe 
al.910 Plastic cylinders 2.5 mm long and. of variable 
diameter (1.3 to 1.8 mm) were placed around the 
cumflex coronary artery distal to the coronary flow prol 
Care was taken to leave no patent coronary branches betwe 
the flow probe and occluder. In each case, occluders of 
gressively smaller diameters were applied to the coro 
vessel until no reactive hyperemic response could be elic 
after a 20 second total coronary occlusion. When the proper 
cylinder had been. selected, blood flow, heart rate, 
pressure, and intracavitary electrogram. were moni 
continuously for 1 hour. As soon as cyclical changes i 
nary blood flow had been demonstrated:to. be 
phenomenon (3 cycles in a 30 minute period was 
requirement), determinations of the threshold curt 
ventricular fibrillation and repetitive extrasystole wer 
during control or high flow periods and during ma 
served reductions in coronary blood flow. 

Platelet aggregation studies: After the partial obsti 
was produced, a 5 ml blood sample was collected from 
femoral artery catheter and discarded and a second 
sample withdrawn into a plastic syringe containing 1] 
3.8% sodium citrate for each 9 parts of blood. In all s 
samples for aggregation testing were collected before 
testing and debrillation. Platelet-rich plasma was. 
by centrifuging this mixture at 800.rpm for 8 minute: 
temperature. After the platelet-rich plasma was withdr 
platelet poor plasma was prepared by centrifuging. 
maining mixture at 2,000 rpm for 15 minutes. Aggre 
studies were performed by a modification of the method 
Born!? using a Chrono-Log Platelet Aggregometer model 3 
(Chrono-Log Corporation, Broomall, Pennsylvania). F 
tenth ml platelet-rich plasma was placed at 37° in a sili 
cuvette in the aggregometer with a siliconized stirring b: 
aggregometer was adjusted to give 10 and 90% light 
mission readings on a strip chart recorder with platel 
and platelet-poor plasma, respectively. Doses of 2.9 to 
adenosine diphosphate were used as the aggregating 
The minimal concentrations of adenosine diphospha 
resulted in maximal platelet aggregation was then used. 
subsequent phases of the experiment. 

Baroreceptor denervation: Prostacyclin-has been sho 
to cause significant systemic hypotension, which results 
peripheral arterial vasodilation. The hypotension i 
causes an increase in reflex sympathetic tonet? resu 
enhanced vulnerability to ventricular fibrillation. Ba 
ceptor denervation was therefore performed befo 
sion of prostacyclin. The aortic arch was denervated by 
tioning the cervical vagi bilaterally. This procedure complet 
eliminates the afferent fibers from the aortic arch press 
receptors.'4 To denervate the carotid sinus receptors, 
section was performed bilaterally in the neck, midway be' 
the mandibular angle and thyroid cartilage. The bifurcat 
of the internal and external carotid artery was located and | 
carotid sinus identified. By careful dissection, the sinus 
was exposed: and sectioned. To ensure completene 
nervation, the adventitia was stripped from the carotid ves: 
in the region of the sinuses. Successful denervation of | 
caro id sinus was always associated witha Histinet he i 





crease of 20 to 60 beats/min and an increase in blood pres- , 


sure of 30 to 60 mm Hg.» 
Balloon catheter placement: In order to restrict coronary 
w to a predetermined level, an occlusive balloon catheter 
Brunswick, Quincy, Massachusetts) was used. A thoracotomy 
Was performed through the fifth intercostal space and the 
_ catheter placed around the left circumflex coronary artery at 
he level of the left atrial appendage, distal to the coronary 
flow probe. The balloon was gradually inflated over 5 to 7 
nutes. to that point at which coronary blood flow was re- 
ced by 50 to 80% of control values. Balloon inflation was 
ontinuously adjusted to keep coronary blood flow constant. 
When coronary blood flow was stabilized at the reduced value, 
nd within 60 seconds of the occlusion, RET and VFT deter- 
minations were made. The balloon was deflated upon onset 
of ventricular fibrillation and remained deflated while defi- 
brillation was performed. 
Prostaglandin infusion: One to 5 mg of powdered pros- 
tacyclin (supplied in powder form by Upjohn Pharmaceutical) 
vas dissolved in 1 to 5 ml of absolute ethanol to yield a stock 
olution concentration of 1 mg/ml. The stock solution was 
hen diluted in a carbonate/bicarbonate buffer (0.0144/0.02M) 
ith a pH of 10.0, and this solution was made isotonic by the 
ddition of sodium chloride. Concentrations of the drug were 
epared to allow for infusion volumes of 0.2 to 1.2 ml/min, 
using a Harvard infusion pump. Solutions were kept cool using 
crushed ice bath. Conduit tubing from syringe to animal 
neasured <10 cm to prevent inadvertant warming of the so- 
ution during i infusion. The prostaglandin was infused into the 
emoral vein catheter in all experiments. 
A solution of indomethacin (supplied in powder form by 
lerck, Sharp and Dohme) (3.6 mg/ml) was prepared by 
dding warm (50°C) sodium bicarbonate 300 mg in 30 ml 0.9% 
odium chloride to 150 mg of indomethacin dissolved in 10 ml 
(0% ethanol. Doses of 5 mg/kg were drawn up into a plastic 
inge and infused into the femoral venous catheter over a 
0 minute period using a Harvard infusion apparatus. 
statistics and calculations: Statistical analysis of the data 
as performed using the paired Student’s t test wherein dif- 


Le ferences» were considered significant when p <0.05. All valies : 
in text and figures are expressed | as mean + standard ¢ errorof 


the mean. 


Percent. decrease in coronary blood flow was caleniated: as 


follows: [(Contrel flow — reduced flow)/control flow] X100, 


Experimental groups: Prostaglandin treatment: Eleven 7 


animals underwent baroreceptor denervation and had an 
appropriately sized plastic cylinder affixed. Seven of the an- 


imals manifested cyclical changes in coronary blood flow;4.. | 


animals had no demonstrable flow alterations. Control values 


for mean arterial blood pressure, coronary blood flow, platelet’ 7 ; 


aggregation, RET, and VFT were obtained. Prostacyclin was 
infused at a constant dose of 25, 50, and 100 ng/kg/min in each 


animal. Each infusion lasted approximately 20 minutes, | fee 
during which time coronary blood flow, and electrocardio- a 
graphic mean arterial blood pressure, and electrocardiographic. ae 
readings, were continually recorded and values for RET and 
VFT obtained. At each dose level, the number of cyclical 
changes in coronary blood flow together with the duration of | 


each were noted. Before the termination of each prostacyclin 


infusion and before commencing electrical testing, arteriak 


blood was sampled for a platelet aggregation study. 
Indomethacin treatment: Indomethacin (5 mg/kg). was 


used in a group. of 10 animals, 6 of which had reproducible: oe 


cyclical blood flow changes. Baseline measurement of blood 
pressure, coronary blood flow, platelet aggregation, and ven- 
tricular vulnerability were made. Indomethacin was admin- 
istered over a 10-minute period, after which all of the deter- ; 
minations were repeated. ' 
Balloon catheter coronary occlusion: In 5 animals, coronary i 
blood flow was interrupted using the externally applied bal- 
loon occluder to reduce coronary blood flow by 50 to. 80%: — 
Application of a balloon occluder was not accompanied by 
cyclical flow changes. Cardiac electrical testing was carried 
out before and after inflation of the balloon. After a recovery 
time of 30 minutes, indomethacin was administered (5 mg/kg), 
and the effect on platelet aggregation was determined. De- 
terminations of the RET and VFT were again made before 
and during reduction in coronary blood flow. S 


Responders Non- 
responders 


Baroreceptor PGI > Indomethacin 
denervated treated treated 


(l0O.ng/Kg/min) (5mg/ Kg) 
a 7 5 CE GEO TE 
Compared with _ OO NS OE OF 
“responders: CE yae te Lee Te ee eae 





: Changes in Coronary Blood Flow (CBF), 
Repetitive Extrasystole Threshold (RET), 
“Ventricular Fibrillation Threshold (VFT), and S-T 
“Segments in 13 Animals Demonstrating Cyclical 
< CBF Reductions After Application of the Plastic 
Cylinder 
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asurement of RET and VFT were made at control (C) and reduced 
ronary blood flow. SEM = standard error of the mean. 


Results 


ffect of cyclical flow changes on VFT: Thirteen , 


he 21 animals (62%) had cyclical reductions in cor- 
y blood flow after induction of coronary stenosis. 
platelet aggregation in response to adenosine di- 
sphate in these 13 responder animals is displayed 
re 1. In the remaining 8 dogs, no cyclical flow 
nges could be elicited, despite the production of 
ici nt stenosis to abolish the hyperemic response, 
anges in the VFT or in the S-T segments were 
ved. Platelet aggregation in the 8 nonresponders 
gnificantly less than that of responder animals 
te the use of the same dose of adenosine diphos- 
‘ig. 1). There was no statistical difference be- 
2 groups of animals in baseline coronary blood 
MABP and these measurements did not corre- 
he extent of coronary blood flow reduction. 
lical flow changes were established, they con- 
e remainder of the experiment or until a 
rvention was performed. The flow reduction 
eraged 11/hour and the degree of reduction in 
blood flow ranged from 21 to 80%. Each cy- 
w reduction was followed by an abrupt return 
to control values which, in the majority of in- 
curred spontaneously. However, approxi- 
25 to 30% of these cycles were not self-termi- 
nd the vessel was tapped gently to dislodge 

and restore flow. 
ion of the RET and VET were made at the 
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FIGURE 2. Influence of varying doses of prostacyclin (PGi) on 
artery blood flow and ventricular vulnerability during pa 
stenosis. VF = ventricular fibrillation. Ba 


control flow, and (3) immediately. upon coron 
perfusion. 

Nine of the 13 animals that- had flow 
manifested recurrent S-T segment: altera 
flow reduction, consisting of S-T elevation or ¢ epre 
of from 1 to 3 mV (Table I). Such evidence. : 
ischemia was noted during those sequen 
coronary flow fell to <50% of control. Five dogs ha 
segment elevation and 4 had S-T segment de 
There was no difference in extent or frequency 
reduction in those animals with S-T segment eleva 
or depression. The S-T segment changes were 
tuated with progressive decreases in coronary c 
flow. S-T segments were restored to normal withi 3 

5 seconds of flow recovery. ' 

Arterial blood pressure did not. decrease during t 
cyclical coronary flow changes, unless coronary blo 
flow was reduced below 70% of control values wh 
mean arterial blood pressure was lowered by 10 t 
mm Hg. This blood pressure change was immedi 
reversed upon restitution of flow. 

Reductions in coronary blood flow produced i 
nificant decrease in both RET (15 + 2to9 + 1 mA) 
VFT (23 + 2 to 16 + 1 mA) (p <0.001) (Table I}. | 
reperfusion, coronary blood flow increased to. le 
greater than control (hyperemic response) and 
decreased to 11 + 3 mA. Repetitive extrasystoles ¢ 
not be consistently elicited without antecedent 
tricular fibrillation during the reperfusion phas 

Effects of prostacyclin: Baroreceptor denervati 
was performed before prostacyclin infusion. In 11 ai 
mals tested, baroreceptor denervation did not e 
significant change in platelet aggregation to adenosi 
diphosphate (Fig. 1). Furthermore, contr 
rial blood pressure, coronary blood flow, 


s were obtained after baroreceptor lene 





25ng/kg/min 


50ng/kg/min 
100ng/kg/min 


Addition of 
ADP (5.8 uM) 


IGURE 3. Effects of varying doses of prostacyclin (PGI2) on adenosine 
diphosphate (ADP)-mediated platelet aggregation. 


Prostacyclin caused a progressive decrease in mean 
arterial blood pressure as a function of increasing dose. 
Prostacyclin also caused a decrease in the frequency and 
rapidity of coronary blood flow cycles, decreasing from 
'1/hour to 7/hour using 25 ng/kg/min and to 3/hour 
sing doses of 50 ng/kg/min. Cyclical flow changes were 
ompletely abolished during an infusion rate of 100 
/kg/min and coronary blood flow returned to control 
values (Fig. 2). Prostacyclin progressively inhibited 
platelet function and was most effective at the highest 
nfusion rate (Fig. 1). The aggregation results.from a 
‘ingle animal study are shown in Figure 3. 
Four animals which exhibited no cyclical flow re- 
ductions underwent baroreceptor denervation and 
rostacyclin infusion. Although the hemodynamic re- 
ponses to prostacyclin (100 ng/kg/min) were similar to 
hose observed in dogs which manifested cyclical flow 


# = P<O.002 
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URE 5. Effect of nonthrombotic coronary occlusion induced bya 
on catheter on ventricular fibrillation (VF) threshold and coronary _ 
d after treatment with indomethacin (5 


od flow (CBF) before and 
/kg). RE = repetitive extr 
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FIGURE 4. influence of indomethacin (5 mg/kg) on coronary blood flow | 
and ventricular vuinerability during partial coronary stenosis. VF = o 
ventricular fibrillation. Pete 


changes, no significant change in either the RET (18 + | 


1 mA to 17 + 2mA) or VFT (27+3mAto24£3mA) 


was observed in these 4 nonresponder animals. cue 
Effects of indomethacin: Indomethacin (5 mg/kg) 
reduced platelet aggregation in response to adenosine 
diphosphate from 40 to 6 to 24 + 4%, p <0.01 (Fig. 1), 
and completely inhibited the second phase of aggrega- 
tion to adenosine diphosphate in 6 animals manifesting 
cyclical changes in coronary blood flow. This effect on 
platelet aggregation was accompanied by a prompt 
(within 5 minutes) cessation of cyclical coronary blood 
flow changes and a return of the VFT to control values 


(Fig. 4). Indomethacin exerted no significant effect on 


VFT (23 + 2 + 1 mA) when administered in 4 animals 
that had no spontaneous cyclical flow changes. ae 
Effect of balloon catheter coronary occlusion 
and treatment with indomethacin: In 5 animals, 
coronary occlusion was carried out with an externe 
balloon catheter and coronary blood flow held at a level 
approximately 60% less than control values (44 = 
21 + 3 ml/min). Reductions were observed in bot 
RET (—45%) and VFT (—28%). After treatment 
oe RET and VFT remained unaltered 
5). ae 


Discussion 


The role of intracoronary platelet aggregat 
genesis of malignant cardiac arrhythmias is a 
significant. clinical interest. The evidence impl 
thrombus formation in sudden death, however, | 
indirect, based on autopsy and epidemiologic 
The studies of Uchida,®! Folts,9! Aiken,!* and thei 
co-workers have provided a new biologic model fi 
vestigating the effects of intracoronary platelet 


ra 





08s ble to gümulale and monitor spontaneous changes 


| intracoronary platelet aggregation and thereby in- 
uce myocardial ischemia. The present study examined 
the effects of platelet aggregation on ventricular elec- 
al properties as assessed by the RET and VFT. 
ese indexes were selected because they have been 
to provide accurate and reproducible measure- 

s of myocardial electrical stability!!!” 
estigation demonstrates that with the onset 
rdial ischemia, there are marked reductions in 
FT. Our results also indicate that there is a 
icant increase in vulnerability to ventricular fi- 
ation during reperfusion which occurs as a result of 
platelet dislodgment. This phenomenon is in accord 
ith that observed during reperfusion produced by 
brupt deflation of a balloon occluder. The changes in 
vulnerability observed during decreased flow and re- 
perfusion are completely abolished within 30 seconds 

of restoration of coronary blood flow. 

Effects of prostacyclin: Prostacyclin is an effective 
nt for evaluating the role of platelet aggregation in 
eneration of both cyclical flow reduction!® and 
icular electrical changes. First, this substance is 
d of any direct cardiac electrophysiologic effects. 
inges in ventricular vulnerability may, however, be 
ught about by baroreceptor reflex activation.!° 
ceptor denervation was thus performed in the 
eent study to preclude an indirect effect on RET and 
econd, prostacyclin is a most potent platelet 
itor. It exerts its effects by binding to specific 
eceptors and increasing platelet cyclic adenosine 
ophosphate levels.!® These effects occur in a 
ependent fashion, so that inhibition of platelet 
ation is related to the dose of prostacyclin.!9 
ird, prostacyclin is produced by vascular endotheli- 
may inhibit platelet aggregation and thrombus 
or ation on exposed subendothelium.?? Human 
cts | have received prostacyclin in doses up to 50 
ain without. adverse effects.” In fact, signifi- 
tly smaller doses have eliminated the ischemic pain 
ulting from arteriosclerosis obliterans.*? However, 
this agent will become useful in the clinical 
he treatment of coronary disease is uncertain 
oses required for these purposes are quite 


tion of platelet aggregation to cyclical flow 
es: Indomethacin caused an abrupt and long- 
essation of cyclical flow changes which corre- 
h inhibition of platelet aggregation and aboli- 
ectrical changes. Indomethacin is an inhibitor 
xane A» synthesis. Therefore, the protective 
ndomethacin in this model suggests that 
xane generation may be an important factor 
oduction of the myocardial ischemia and elec- 
tability that occurs during cyclical flow alter- 
here was no significant change in the VFT with 
hacin i in animals without cyclical blood flow 
suggests that changes in coronary vascular 

seen with indomethacin in patients with 
3673 do. not influence ventricular 


animals with partial stenosis, indic 

in coronary vascular resistance with indo ; 
this particular model of myocardial ischemia i is 
significant factor. 

There was a strong correlation between platel 
sensitivity to adenosine diphosphate and the frequen 
and magnitude of cyclical flow changes. Animals wh 
were less sensitive to adenosine diphosphate gener: 
failed to manifest coronary flow alterations. W 
did not specifically investigate the reason for 
variability in platelet aggregability, interanima 
ferences in arachidonic acid metabolism m 
an explanation.2425 Furthermore, as platele 
progressively inhibited with increasing doses 
tacyclin, there was a corresponding restitution o 
onary flow and abolition of electrical changes 
findings of a correlation between reduced VET, ¢ 
nary blood flow, and. the extent of pa ager ga 


sought to determine whether chains in ven 
vulnerability during partial coronary stenosis are: 
tributed to by impedance of flow by platelet plugs o 
due to release of platelet factors. To shed light o 
question, we utilized the balloon catheter to pr 
degrees of flow reduction comparable to those obs 
when cyclical flow reduction occurred during fi 
partial stenosis. Reduction in flow produced 
thrombotically by balloon obstruction significa 
decreased the vulnerable period threshold as previo 
reported.2®-28 These changes, moreover, were co 
rable to those observed during intracoronary plat 
aggregation induced using the plastic cylinder. Us 
the balloon occluder was not associated with a furth 
gradual decrease in coronary flow attributable 
tracoronary platelet aggregation. The reason fo 
difference is not clear but may have been du 
greater extent of endothelial disruption with a r 
cylinder. In any case, with nonthrombotic occlusion 
induced by means of the balloon catheter, platele 
hibition by indomethacin administration did not: 
vent the vulnerable period threshold changes associ 
with coronary obstruction. These results sugges 
alterations in cardiac vulnerability noted during partia 
stenosis are due, at least in part, to the mechanical im 
pairment of flow through the stenotic site. — 
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ronic congestive heart failure is one of the most 
ommon serious illnesses, affecting an estimated 3 to 4 
lion Americans. Because the prognosis in most pa- 
nts with heart failure is poor, life expectancy being 
asured in months or a few years, not only the prev- 
lence but also the incidence of this condition is high. 
art failure causes great personal suffering and places 
rmous economic burdens on the patient, the family, 
nd society at large. 

‘ognizant of the importance of congestive heart 
ailure as a medical problem, the Cardiology Program 
f the Division of Heart and Vascular Diseases of the 
tional Heart, Lung and Blood Institute sponsored 
Vorkshop on Congestive Heart Failure in Bethesda, 
d in April 1981. The objective of the Workshop 
to review important recent advances and to identify 
srtunities for research in this field. 

1e Workshop was divided into 6 sections: Section 
nical Definitions and Current Clinical Studies, 
d by Jay N. Cohn, MD; Section II, Diagnostic 
‘rocedures for Evaluating Heart Failure, chaired by 
rthur J. Moss, MD; Section III, Etiology, Biochemical, 
d Structural Changes in Heart Failure, chaired by L 
Maximilian Buja, MD; Section IV, Research on the 
Physiology of Congestive Heart Failure, chaired by A. 
lifford Barger, MD; Section V, Assessment of Clinical 
reatment, Monitoring, and Surgical Intervention in 
.\dvanced Congestive Heart Failure, chaired by Ben- 
dict R. Lucchesi, MD; Section VI, Future of Clinical 
estigation in Evaluating Treatment of Congestive 
art Failure, chaired by Michael B. Mock, MD. Al- 
hough the proceedings of this Workshop were recently 
ublished,! it was considered desirable to summarize 
ome of the major points that emerged. 
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ngestive Heart Failure: A Propitious Time 





It was noted during the Workshop that in the pe 
decades conspicuous advances have been made in 
understanding of the pathophysiologic aspects of h 
failure, in the ability to assess normal and 1 impair 
ventricular function, in research on drugs that imp 
cardiac contraction, and in operations designed to tre 
valvular and coronary heart disease (2 of the mo 
common causes of congestive heart failure). In addi 
there have been encouraging developments in th 
of mechanical devices to replace the failing hea 
in cardiac transplantation in the treatment o 
versible heart failure. Among many important ga 
the field that were identified, several stand out as being 
particularly ripe for further advances. 


Development of heart failure: It is well established 
that many forms of heart failure are the consequen 
of a deterioration in the ventricle’s response to a h 
modynamic burden, rather than of an aggravation i int 
severity of that burden. The ventricle is capable o 
sustaining an excessive load while its function remain 
normal for many months (in experimental animals suck 

as the genetically hypertensive rat) or for years (in pa: 

tients). However, at some point, ventricular functi 
becomes impaired and the chronically stressed ventricle 
begins to fail. What is responsible for this deteriorati 
of ventricular function? Although there have been m 
investigations of the biochemical, physiologic, a 
pathologic changes ‘that occur ‘in the myocardi i 
shortly after the imposition of the stress and in the ' v 
late stages of congestive heart failure, far less is kno’ 
about the conversion of normal ventricular func 
early ventricular dysfunction in the hypertrophiec 
heart. The progression from hypertrophy to heart fail 
ure should be amenable to precise characterization b; 
combining anatomic, biochemical, physiologic, ani 
pathologic techniques, first in animal models and 
in selected clinical situations. — 


Animal models of heart failure: Altieieh a a grea 
deal of information has already been obtained fron 





























animal modes of hert disease, this field now appears” 

poised for further important advances. The response 

of myocardium to identical stress may vary. For exam- 
ple, the left ventricle of some patients with aortic ste- 









































nosis is capable of sustaining this burden for many years 
without dilatation or reduction of cardiac output, 
~ whereas the left ventricle in others with an identically 
ized orifice exhibits excessive hypertrophy and dila- 
tation. Similar examples can be cited in the case of other 
mechanical loads placed on the heart, such as those 
mposed by regurgitant valvular lesions, systemic hy- 
ertension, and congenital pulmonary stenosis. The 
yasis for these widely differing responses is not clear, 
but carefully controlled studies in animal models of 
cardiac overload may well provide useful information. 
Thus, there are great interspecies and interindividual 
ariations in the response to hemodynamic stress in 
nimals with naturally occurring or artificially induced 
mechanical overloading. Elucidation of the genetic basis 
_ for these differences in the myocardium’s response to 
_ Stress appears to offer a particularly fruitful area for 


Characterization of the heart’s functional re- 
erve: Although gross dysfunction of the left ventricle 
an teadily be described. by both invasive and nonin- 
asiye techniques, formidable problems remain in the 
characterization of early or mild impairment of left 
_ventricular function and in the assessment and even the 
lefinition of the functional reserve of the heart. A 
umber of opportunities exist in this field. A variety of 
methods have been employed, but their precise value 
is unclear. Thus, 1 group of investigators, a relatively 
mall number in the United States but a larger number 
n Europe, particularly in Scandinavian countries, assess 
cardiac function by determining the maximal total body 
_oxygen consumption during exercise (VOomax). It is not 
et clear whether a reduction of VOomax can serve as 
_asensitive indicator of mildly impaired function and be 
_useful prognostically in patients with heart disease. The 
tudy of exercise tolerance and the measurement of 
Omax in patients with cardiovascular disease to 
dentify early dysfunction is indicated. 

“Profiling” patients with heart failure: The 
unction of a variety of organ systems and control sys- 
tems is clearly altered in heart failure. These systems 
include both limbs of the autonomic nervous sytem, that 
, the sympathetic, including the adrenal medulla, as 
well as the parasympathetic; the renin-angiotensin- 
dosterone axis, and the posterior pituitary gland, to 
e only the most obvious. Differences in the extent 
ctivation of these neurohumoral mechanisms result 
1 many differences in the clinical manifestations of 
eart failure observed among different patients. For 
xample, elevations in systemic vascular resistance in- 
ed by adrenergic vasoconstriction are responsible 
for the maintenance of arterial pressure in the presence 
educed cardiac output, sometimes to the further 
ment of the cardiac output; activation of the 
in-angiotensin-aldosterone system and renal vaso- 
mstriction result in retention of extracellular fluid and 
erefore i in the symptoms reaulting from n pulmonary 


l congeations as well’ as in hepatomekaiy. and edema. 


Abnormalities in function of the sympathetic and | 
parasympathetic systems are responsible for the rela- 
tively fixed heart rate characteristic of advanced heart : 
failure, ea 
A variety of agents that can block these various ° 
compensatory mechanisms are now available: atropine 
for blocking the parasympathetic nervous system, _ 
beta-adrenergic blocking agents for the cardiac adren- 
ergic receptors, alpha-adrenergic blocking agents for _ 
peripheral adrenergic receptors, saralasin for the effects 
of angiotensin II, a family of converting enzyme inhib- 
itors for blocking the production of angiotensin II, and © 
spironolactone for aldosterone. Examining the re- 
sponses of these blockades, measurement of circulating. 
renin, angiotensin, and catecholamines and measure-. 
ment of beta-adrenergic receptor density on circulating 
white blood cells and sometimes even on cardiac tissue, — 
could be used to “profile” patients with congestive heart- 
failure in an attempt to clarify the existing patho- 
physiologic abnormalities and to establish the most ~ 
appropriate therapy. 
Newer inotropic agents: The treatment of con- : 
gestive heart failure has become stereotyped; often it _ 
commences with diuretics, includes cardiac glycosides, 
and finally vasodilators are added sequentially. Itisnot 
clear whether this treatment is optimal for all or even 
most patients. It is important to determine whether 
some modification, such as the treatment with after- a 
load-reducing agents before the development of — 
symptoms, could delay the development of congestive 
heart failure. Although the effectiveness of a number 
of orally active nonglycoside-positive inotropic agents, oS 
including amrinone, and several orally active beta- 
adrenergic agonists on hemodynamics has been dem: 
onstrated, the effect, if any, of these drugs on the sur- __ 
vival of patients with heart failure has yet to be estab- ae 
lished. oe 
Epidemiology of heart failure: Surprisingly little : 
is known about the epidemiology of congestive heart 
failure. The only data available on prevalence are “soft” 
and come from analysis of the use of cardiac glycosides. 
In terms of the natural history of heart failure, available 
information comes from the Framingham data; most of 
which are now 20 years old. It was of interest how much. 
information on the natural history of heart failure has ~ 
come from Specialized Centers of Research (SCORs) 
in Ischemic Heart Disease, underscoring the importance _ - 
of National Heart, Lung, and Blood Institute support 
in adding to the body of knowledge about ischemic he 
failure. Although information on this subgroup of 
tients with heart failure is extremely useful, its app 
cability is obviously limited to patients with this par 
ticular cause of heart failure. Extensive prospective 
surveys of different populations for the incidence and 
natural history of congestive heart failure are sorely 
needed. Such studies should examine the influence o 
sex, age, race, and geographic, social, and region 
ferences. Also, these surveys should be carrie 
regular intervals as diagnostic and. therapeu E 
opments occur (such as re successful treatment of es 



























tic c valvular heart disease and 


mental d clinical observations i in heart 
during the past 2 decades. Thus, 6 the time > appear ) 
eat gaps exist i in our eann of the congestive 
ailure state, ranging from an elucidation of the 
undamental molecular mechanisms of heart 
aracterization of the epidemiologic aspects 
! spite the acknowledged importance 
e heart failure as a clinical problem, and 
ecognition in the national program plan of har 
' , Lung, and Blood Institute, there ol orth oe 
roam. of support by the Institute dedicated to ae 
y of this condition; However, the scientific un- 4. Braunwald E, Mock MM, Watain JT, 
Research and Clinical Application. New Von Grune Str 





lore Meaningful Scoring System for 
letermining the Severity of Coronary 
leart Disease 


OFFREDO G. GENSINI, MD 


Selzer! in a recent editorial criticized the classification of the 
verity of coronary artery disease (CAD) which is currently 
din all randomized trials on the surgical versus medical 
erapy of CAD. He pointed out that the classification of 
le-, double-, triple-vessel and main left (SDTML) coro- 
nary artery disease allows the inclusion in each subgroup of 
a mixture of patients with both a favorable and an unfavorable 
prognosis and provides, at-best, only marginal differentiation 
dically and surgically treated patients. He further sug- 
sted that patients with CAD should be identified on the 
basis of severity of narrowings, cardiac performance, effec- 
tiveness of coronary collateral circulation, amount of myo- 
ardium jeopardized by ischemia, and possibly other factors 
as well, 
wholeheartedly share these views, as described in my book 
1975.2 An updated version of this scoring and stratifying 
method and a critique of the SDTML disease classification 
appeared in 1980.° There I stated: “A method that assigns a 
fferent severity score depending on the degree of luminal 
owing: and the geographical importance of its location 
would be desirable. ... Several years ago, recognizing these 
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shortcomings, I devised a system that takes into consideration 
the geometrically increasing severity of lesions, the cumulative 
effects. of multiple obstructions, the significance of their lo- 


cations, the modifying influence of the collaterals, the size and > 


quality of the distal vessels, and the importance of the stat Is 
of myocardial function [Fig. 1].... The fundamental concept 
forming the basis of this system is the hypothesis that the 


severity of coronary artery disease must be regarded as a 
consequence of the functional significance of the vascular’ |. 


narrowing and the extent of the area perfused by the involved. 
vessel or vessels; the presence of an effective collateral situa 
tion may, on the other hand, modify the functional signifi: 
cance of a severe obstruction or occlusion. ... Although thi 
method may not be ideal, it provides more uséful informatio 
than the simple division of patients into single-, double-, an 
triple-vessel disease. The advantages of this scoring method 
are as follows: (1) it provides an accurate stratification of pa-. 
tients according to the functional significance of their disease: 
(2) it lends itself to computer elaboration, storage, retrieval, : 
and analysis; (3) it provides an opportunity to match patients 
with similar degrees of coronary artery disease who are re- 
ceiving different.forms of treatment; and (4) it allows fo: 
continuous, microprocessor-assisted studies of interobserv: 
and intraobserver variability. Computer hardware and sof 
ware to elaborate and store this type of information are readil 
available and are inexpensive.” 

Thus, the challenge of Selzer had already been met several | 
years age by a classification of patients with CAD; but 
classification has not been utilized by others: It is time for. 
cardiologists to adopt a more meaningful measurement of th 
severity of CAD. 
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left column). Right panel, the principal vascular segments of (from left to right) the right coronary artery, the left anteri 
iltiplying factor suchas X1, X 


i and so on, depending on the functional s 








ease ‘ndicaites that pericardial 

r a patient who can tolerate 

sive thoracotomy, as much parietal peri- 

should always be resected, particularly 

ts with continuing pathologic processes. Even then, 
lr mnants occasionally produce. potentially con- 


| Department of Medicine, University of Massachusetts Medical 
nd the Division of: Cardiology, St. Vincent Hospital, Worcester, 


strictive fibrous tissue or r bands of calcium, ma ing the wi 
excision desirable, ‘The pericardial windo 

served. as a palliative procedure mainly for syste ca 
patients, such as those with malignant neopla 
failure, who might not tolerate a more extensive procedu 
Subxiphoid pericardiotomy? can be done if | necessa 

local anesthesia and permits the creation of 


ager RL, i, Bender HW. The: 
` disease. ‘Ann Thorac Surg 1982;34: 6-9. 








Manuscripts are received with the 


d they become the property of the Publisher. The Publisher 
serves copyright and renewal on all published material, and 
uch material may not be reproduced in any form without the 
tten permission of the Publisher. Statements in articles are 
né responsibility of the authors. The Publisher assumes no lia- 
bility for any material published in the Journal, All accepted 
manuscripts are subject to editing to aid understanding and 
onserve space, 





DDRESS MANUSCRIPTS TO: William C. Roberts, MD, Ed- 
-in-Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 6935 
ngton Road, Suite 406, Bethesda, Maryland 20814. The 
fering letter should state precisely and concisely the signifi- 

ance and uniqueness of the work in the authors’ view. The 
uthors might delineate the extent of any concessions they are 
dily prepared to make: for example, the elimination of 1 or 
re figures or tables or a portion of the text to: increase the 
lihood of publication of their work in the Journal. Several 
ames and addresses should be provided of nonlocal experts 

, in the authors’ view, could provide objective and informed 

ws Of their work. The suggested reviewers will be carefully 
sidered along with other experts in the field. Additionally, the 

itor would listen if the authors provided the names of any in- 
tigators they consider unlikely to give nonbiased reviews of 
eir work. ` 
Submit 3 copies (1 original.and 2 xerographic copies) of the 
ttire manuscript including text, references, figures, legends, 
id tables. Study recent past issues of the Journal for format. 
range the paper as follows: (1) title page consisting of the 
ticle's title, the names of the authors, and the institution from 
ich the work originated, (2) a second title page including only 
) article's title, (3) summary, (4) text, (5) references, (6) ac- 
owledgment, (7) figure legends, and (8) tables. Number all 
ges in the above sequence, beginning with the title page as 
the summary as 2, and so on (leave the second title page 
numbered}. Type on 22X 28 om (8.5 X 11 inch) paper, only 
side of each sheet, double-spaced (including references) 
th at least 25 mm (1 inch) margins. 
The second title page, the one which omits the names of the 
rs and the institution, will permit the Editor-in-Chief the 
tion of acquiring blinded or nonblinded reviews. References 
the institution in the text or to the author's previous work in 
2 Reference section must be deleted or written ina manner 
it prevents identification of the authors and the institution. 
bel figures with the manuscript title rather than the authors’ 

S $0 that blinded reviews can be obtained. The authors may 

which type of review they wish in the covering letter. 








PAGE, SUMMARY, AND ABSTRACT: include the first 
le and last names with other initials of all authors. Provide 
running title of 3 to 6 words. Insert at the bottom the name 

| address of the institution from which the work originated, 
information about grant support if necessary. Add at the 
om the phrase "Address for reprints:” followed by full name 
ddress with zip code. Limit the summary to 250 words. 
submit an abstract of 150 words or less to be used in the 
. of Contents. List 2 to 6 key words for subject indexing at 
‘end of the summary. > as ae 





TYLE: Use appropriate subheadings throughout the body 
he text, such as in the Methods, Results, and omments 





are ved with the understanding that they are _ 
submitted solely to THE AMERICAN JOURNAL. OF CARDIOLOGY 





_be mailed to the author on publication of the article. Individual 
‘reprints must be obtained through the author. 









permitted, but no more than 2or3 | 
rst time they appear in the text — 
followed by the abbreviation in parentheses. Consult the Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals. 
published in the Annals of internal Medicine June 1982; 96:7: 
766-771, and also the Stylebook/ Editorial Manual of ‘the. 
American Medical Association for current usage. Use generic o 
names of drugs. Do not spell out any number, including those > 
less than 10, except when used for opening a sentence. 








REFERENCES: In references, list all authors, inclusive pages 
for all journal references, and specific page numbers for all book ` i 
references as shown below. Avoid referencing abstracts if oo 
possible, but indicate by the abbreviation (abstr) when doing so.) os: 
Do not use periods after authors’ initials. Check Index Medicus cs 
or Annals of internal Medicine (June 1982) as cited above for oe 
journal titles and abbreviations. Personal communications do A 
not constitute references. In referring to a manuscript that has E 
been submitted but not yet published, use the phrase “unpub-- 
lished observations” in parentheses. i 








Journal: Vismara LA, Vera Z, Miller RR, Mason DT. Effi- , 
cacy of disopyramide phosphate in the treatment. of re- 
fractory ventricular tachycardia, Am J Cardiol 1977; 
39: 1027-1034. 


Chapter in Book: Schiebler GL, Van Mierop LHS, Kro- 
vetz LJ. Diseases of the tricuspid valve. in: Moss. Ad, 
Adams F, eds. Heart Disease in Infants, Children and a : 
Adolescents. Baltimore: Williams & Wilkins, 1968: 
134-139. Fe 


Book: Berne E. Principles of Group Treatment: New ee 
York: Oxford University Press, 1966:26. : 





FIGURES: Submit 3 glossy nonmounted prints of each pho; 
tograph and drawing. Artwork of published articles willnotbe 
returned unless requested. Use black ink for all charts (line 
drawings). Make decimals, broken lines, etc. strong enough for 
reproduction. Use arrows to designate special features. Crop ee 
photographs to show only essential fields. Identify figures on. 
back by number and title of the article (omit the authors’ name 
80 that blinded reviews can be obtained). Number figures in the 
order in which they are mentioned in the text. Indicate the top 
of each figure. Submit written permission from the publisher and 
author to reproduce any previously published figure. Limit figures 
to the number necessary to present the message clearly. Type 
each figure legend on a separate page, double-spaced. Identit 
at the end of each legend and in alphabetical order all abbrevi 
ations in the figure. The cost of color reproduction must be paid 
by the author. If color figures are submitted, identify in the cov- 
ering letter who should be billed for the color charges. 












TABLES: Place each table on a separate page 
spaced. Nurnber each table in Roman numerals (Table 
and title each table. Identify in alphabetical order at th 
of the table all abbreviations used. When tabulating patients, use 
no more than 2 lines, preferably only 1 line, per patient. Usea 
plus sign (+) to indicate positive or present; a zero (0) for neg- 
ative or absent, and a dash (—) for “no information available’ 
or “not done." Bon ea 












_ REPRINTS: Price schedules and order cards for reprints wil 









U 


Dobutamine/Dobutrex” 


Dobutamine HCI 


Dobutamine/Dobutrex” 


Dobutamine HCI 


Degree of stimulation 


No stimulation 


See 


last page of ad for prescribing information 





f 





Description: Dobutrex is (+)-4-[2-[[3-(p-hydroxyphenyl)-1-methylpropy!] 
aminolethyl]-pyrocatechol hydrochloride. It is a synthetic catecholamine. 


HO 
— CH. 
(+) ee 
HO ee: (CH,),—NH—CH—(CH,), OH «HCI 


Molecular Formula: C,,H,,NO,* HCI Molecular Weight: 337.84 


The Clinical formulation is supplied in a sterile lyophilized form for intra- 
venous use only. Each vial contains 250 mg of dobutamine and 250 mg of 
mannitol. Hydrochloric acid is used to adjust the pH. The pH of the reconsti- 
tuted solution is between 2.5 and 5.5. 


& Clinical Pharmacology: Dobutrex is a direct-acting inotropic agent whose 


primary activity results from stimulation of the beta receptors of the heart 
while producing comparatively mild chronotropic, hypertensive, arrhyth- 
mogenic, and vasodilative effects. It does not cause the release of endogenous 
norepinephrine, as does dopamine. In animal studies, dobutamine produces 
less increase in heart rate and less decrease in peripheral vascular resistance 
for a given inotropic effect than does isoproterenol. 

In patients with depressed cardiac function, both dobutamine and iso- 
proterenol increase the cardiac output to a similar degree. In the case of 
dobutamine, this increase is usually not accompanied by marked increases 
in heart rate (although tachycardia is occasionally observed), and the 
cardiac stroke volume is usually increased. In contrast, isoproterenol in- 
creases the cardiac index primarily by increasing the heart rate while stroke 
volume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human 
electrophysiologic studies and in patients with atrial fibrillation. 

Systemic vascular resistance is usually decreased with administration of 
dobutamine. Occasionally, minimum vasoconstriction has been observed. 

Most clinical experience with dobutamine is short-term—up to several 
hours induration. In the limited number of patients who were studied for 24, 
_ 48, and 72 hours, a persistent increase in cardiac output occurred in some, 

whereas the output of others returned toward base-line values. 
The onset of action of Dobutrex is within one to two minutes; however, as 
_ much as ten minutes may be required to obtain the peak effect of a 


_ particular infusion rate. 


The plasma half-life of dobutamine in humans is two minutes. The principal 
routes of metabolism are methylation of the catechol and conjugation. In 
_ human urine, the major excretion products are the conjugates of dobutamine 
and 3-O-methyl dobutamine. The 3-O-methy! derivative of dobutamine is 
inactive. 

Alteration of synaptic concentrations of catecholamines with either reser- 
pine or tricyclic antidepressants does not alter the actions of dobutamine in 
animals, which indicates that the actions of dobutamine are not dependent 
on presynaptic mechanisms. 


_ Indications and Usage: Dobutrex is indicated when parenteral therapy is 
necessary for inotropic support in the short-term treatment of adults with 

= Cardiac decompensation due to depressed contractility resulting either 
from organic heart disease or from cardiac surgical procedures. 

___ In patients who have atrial fibrillation with rapid ventricular response, a 

_ digitalis preparation should be used prior to institution of therapy with 

_ Dobutrex. 


Contraindication: Dobutrex is contraindicated in patients with idiopathic 
hypertrophic subaortic stenosis. 


_ Warnings: 1. /ncrease in Heart Rate or Blood Pressure —Dobutrex may 
cause a marked increase in heart rate or blood pressure, especially systolic 
pressure. Approximately 10 percent of patients in clinical studies have had 

| rate increases of 30 beats/minute or more, and about 7.5 percent have had 
a 50-mm Hg or greater increase in systolic pressure. Reduction of dosage 

_ usually reverses these effects promptly. Because dobutamine facilitates 

_ atrioventricular conduction, patients with atrial fibrillation are at risk of 

| developing rapid ventricular response. Patients with preexisting hyper- 

_ tension appear to face an increased risk of developing an exaggerated 

| pressor response. 

| 2. Ectopic Activity—Dobutrex may precipitate or exacerbate ventricular 
ectopic activity, but it rarely has caused ventricular tachycardia. 


_ Precautions: 1. During the administration of Dobutrex, as with any adrenergic 
_ agent, ECG and blood pressure should be continuously monitored. In 
_ addition, pulmonary wedge pressure and cardiac output should be monitored 
| whenever possible to aid in the safe and effective infusion of Dobutrex. 
| 2. Hypovolemia should be corrected with suitable volume expanders 
| before treatment with Dobutrex is instituted. 
3. Animal studies indicate that Dobutrex may be ineffective if the patient 
| has recently received a beta-blocking drug. In such a case, the peripheral 
vascular resistance may increase. 
4. No improvement may be observed in the presence of marked mechanical 
obstruction, such as severe valvular aortic stenosis. 
Usage Following Acute Myocardial Infarction—Clinical experience with 
Dobutrex following myocardial infarction has been insufficient to establish 
_ the safety of the drug for this use. There is concern that any agent which 
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increases contractile force and heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not known whether dobutamine does so. 

Usage in Pregnancy — Reproduction studies performed in rats and rabbits 
have revealed no evidence of impaired fertility, harm to the fetus, or terato- 
genic effects due to dobutamine. However, the drug has not been 
administered to pregnant women and should be used only when the expected 
benefits clearly outweigh the potential risks to the fetus. 

Pediatric Use—The safety and effectiveness of Dobutrex for use in 
children have not been studied. 

Drug Interactions—There was no evidence of drug interactions in clinical 
studies in which Dobutrex was administered concurrently with other drugs, 
including digitalis preparations, furosemide, spironolactone, lidocaine, glyceryl 
trinitrate, isosorbide dinitrate, morphine, atropine, heparin, protamine, 
potassium chloride, folic acid, and acetaminophen. Preliminary studies 
indicate that the concomitant use of dobutamine and nitroprusside results: 
in a higher cardiac output and, usually, a lower pulmonary wedge pressure 
than when either drug is used alone. 


Adverse Reactions: /ncreased Heart Rate, Blood Pressure, and Ventricular 
Ectopic Activity—A 10 to 20-mm increase in systolic blood pressure and an 
increase in heart rate of five to 15 beats per minute have been noted in most 
patients. (See Warnings regarding exaggerated chronotropic and pressor 
effects.) Approximately 5 percent of patients have had increased premature 
ventricular beats during infusions. These effects are dose related. 

Miscellaneous Uncommon Effects —The following adverse effects have 
been reported in 1 to3 percent of patients: nausea, headache, anginal pain, 
nonspecific chest pain, palpitations, and shortness of breath. 

No abnormal laboratory values attributable to Dobutrex have been 
observed. 

Longer-Term Safety— Infusions of up to 72 hours have revealed no 
adverse effects other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evidenced by excessive alteration 
of blood pressure or by tachycardia, reduce the rate of administration or 
temporarily discontinue Dobutrex until the patient's condition stabilizes. 
Because the duration of action of Dobutrex is short, usually no additional 
remedial measures are necessary. 


Administration and Dosage: Reconstitution and Stability —Dobutrex is 
incompatible with alkaline solutions and should not be mixed with products 
such as 5% Sodium Bicarbonate Injection. 

Dobutrex may be reconstituted with Sterile Water for Injection or 5% 
Dextrose Injection. To reconstitute, add 10 ml of diluent to Vial No. 7051, 
Dobutrex, 250 mg. If the material is not completely dissolved, add another 
10 ml of diluent. The reconstituted solution may be stored under refrigeration 
for 48 hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further diluted to at least 50 ml prior to 
administration in 5% Dextrose Injection, 0.9% Sodium Chloride Injection, or 
Sodium Lactate Injection. Intravenous solutions should be used within 24 
hours. 

Solutions containing Dobutrex may exhibit a color that, if present, will 
increase with time. This color change is due to slight oxidation of the drug, 
but there is no significant loss of potency during the reconstitution time 
periods stated above. 

Recommended Dosage —The rate of infusion needed to increase cardiac 
output usually ranges from 2.5 to 10 mcg/kg/min (see table). On rare 
occasions, infusion rates up to 40 mcg/kg/min have been required to 
obtain the desired effect. 


Rates of Infusion for Concentrations of 250, 500, and 1000 mcg/ml 





Drug Delivery Infusion Delivery Rate 
Rate 250 mcg/mi* 500 mcg/mIit 1000 mcg/ml 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.8 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
leo 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 ml of diluent 
$1000 mg per liter or 250 mg per 250 ml of diluent 


The rate of administration and the duration of therapy should be adjusted 
according to the patient's response, as determined by heart rate, presence 
of ectopic activity, blood pressure, urine flow, and, whenever possible, 
measurement of central venous or pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have been administered to humans 
(250 mg/50 mi). The final volume administered should be determined by 
the fluid requirements of the patient. 


How Supplied: Vials Dobutrex® (dobutamine hydrochloride, Lilly), for In- 
jection (lyophilized), equivalent to 250 mg dobutamine, 20-ml size, rubber- 
stoppered, in packages of 1. 1121979) 


Additional information available to the profession on request. 


Litty Eli Lilly and Company s 


Indianapolis, Indiana 46285 
200637 
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Dear Doctor: 


Scientific progress continues to result in significant new therapeutic 
advances. As you know, the positive results achieved with these treat- 
_ ments depend in good measure upon effective physician/patient communi- 
‘cation. At the same time, there is a growing interest by the general 
public in becoming better informed on healthcare issues and in assuming 
a larger role in maintaining their own health. We believe that an informed 
patient has a better chance of being a healthier patient. 


In an effort to help bring needed information to the public, Pfizer is 
embarking on a health education campaign. This campaign consists of a 
series of health information messages which will reach patients through 
newspapers, magazines, television and radio. In these messages, patients 
are informed of the symptoms of diseases such as hypertension and angina 
and are advised to seek the advice of their physicians in response to these 
symptoms. Moreover, the messages stress the need'for periodic medical 
examinations to uncover asymptomatic conditions. A sample message in 





this series appears on the page opposite this letter. 


This campaign is one part of a broad new Pfizer communications program. 
Another aspect of this effort is our Patient Information Program, which con- 

sists of providing comprehensive patient information books, such as Learning 
to Live with Angina, to physicians for distribution to their patients. 





I take pride in this program and invite your participation and response. 


Sincerely, 


Piura $f ZBQos 


Sheldon G. Gilgore, M.D. 
President 


You can participate in this program by cutting out this ad and posting it in patient areas. 
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UNIVERSE 


1S the Catapres' universe of 
central alpha control for 
all kinds of hypertensives 


No contraindications”* to Catapres — 
you can prescribe it for: 


e Asthmatic hypertensives 
Does not act directly on beta. receptors of 
the lungs (blocking these receptors induces 
bronchospasm). 


e Diabetic hypertensives 
Lowers blood pressure without impairing oral 
antidiabetic effectiveness. 


e Hypertensives with renal insufficiency 
Lowers blood pressure without long-term 
reduction of cardiac output. (Does not 
reduce renal perfusion or GFR.) 


e Hypertensives with congestive heart failure 
Does not depress myocardial contractility. 


e Stress-induced hypertension 
Inhibits sympathetic nervous activity 
centrally and does not elevate plasma 
catecholamines. 


e Elderly hypertensives 
Recommended in isolated systolic 
hypertension in the elderly.* 

*Central alpha-adrenergic stimulation decreases sympathetic 
outflow from the brain, as shown in animal studies 


**Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure 


1. Statement on Hypertension in the Elderly, Revised April, 
1980. Approved by the National High Blood Pressure 
Education Program Coordinating Committee. 


atapres 
(clonidine HCl) 
Hypertension 


Please see brief summary of PI for warnings, precautions, and 
adverse reactions. 





aa ie | 





Tablets of 0.1, 0.2, oe mg i... 
Catapres”™ # 


Clonidine HCI) 
Hypertension 


Catapres* 


(clonidine hydrochloride) 

Tablets of 0.1, 0.2, 0.3 mg 

Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood prasau; clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
coney, recent myocardial infarction, cerebrovascular disease or chronic renal 

ilure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 


. ophthalmologic findings have been recorded with Catapres (clonidine hydro- 


chloride), in several studies the drug produceda dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely, (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, oe phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 montis to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine th 
chloride) overdosage. 

How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100.. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 

‘or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 
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The Alpha Universe, a painting by Arthur Lidov, commis- 
sioned by Boehringer Ingelheim Ltd 


Lidov's work, the second in a series on central alpha action, 
interprets the Alpha Universe on many levels...the universe 
of patients who can benefit from the central alpha control of 
Catapres...the special world of patient/clinician interaction... 
the internal universe within each patient that determines or 
modifies his therapy...and the universe of medicine itself. 
Lidov is a painter whose art invites us to share his own fasci- 
nation with the creativity inherent in science. 


If you like this painting, we would be pleased to send you a 
handsome reproduction suitable for framing...with our 
compliments. 


Boehringer 


Boehringer Ingelheim Ltd. 
Ingelheim 


Ridgefield, CT 06877 
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Flutter During Treatment 


ANGGENG CUI, MD, WEIMIN HUANG, MD, and 
RDINAND URTHALER, MD 


Amiodarone is a widely used antiarrhythmic drug with 
ng-lasting efficacy, minimal side effects, and few 
ontraindications. However, amiodarone is not abso- 
‘safe because it can itself trigger | ventricular 
arrhythmias! or cause sinus arrest, as demon- 

‘ated in the patient to be described. 


«year-old woman with known rheumatic mitral valve 
ase. and recent onset of atrial fibrillation (Fig. 1-1) was 
on digoxin (0.25 mg daily) and amiodarone (600 mg 

on December 17, 1980. On January 5, 1981, the ven- 
ar rate was about 80 beats/min and the dose of digoxin 
decreased to 0.125 mg/day. Because of persisting atrial 
lation, the dosage of amiodarone was increased to 800 
{day on January 12, 1981. Ten days later sinus rhythm 
restored, but the Q-T interval was prolonged to 0.48 
nd (Fig. 1-2). Digoxin was withdrawn and the dosage of 
darone was reduced to.400 mg/day. The following day, 
okes ; dams attacks occurred. The electrocardiogram 
an atrioventricular (AV) junctional rhythm with 
geminy (Fig. 1-3), followed a few moments later 

lar flutter (VF) (200 beats/min) (Fig. 1-4). At the 

jla level of digoxin, determined by radioim- 

ssay, was 0.92 ng/ml. Serum potassium, mea- 

ice, was.3.5 and 4.0 mEq/liter, respectively. Lido- 

0 mg) given intravenously was ineffective. Direct 

ck with 100 W-s converted the VF to a slow* (Fig. 
anormal AV junctional rhythm4 (Fig. 1-6) 

oring sinus rhythm with giant U wave alternans 

the next day VF recurred but was stopped by 

‘on, and by February 3 the electrocardiogram was 

1-8).and remained so for at least 6 months. 


darone prolongs the duration of the action po- 
in both atrial and ventricular cells.5® It is not 
er amiodarone selectively inhibits potas- 
ductance or increases the slow inward 
inactivation time constant, or both. However, 
ly that a generalized prolongation of the action 


il Sixth People’s Hospital, Shanghai, People's Republic 
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FIGURE 1. Lead i electrocardiograms (except for bottom rip 
leads Il, Ill, and aVF) illustrating episodes of (1) atrial fibr 

rhythm, (3) AV junctional rhythm with retrograde atrial 5 
ventricular premature beats (bigeminy), (4) ventricular flutter, ( 
AV junctional rhythm, and (6) normal AV junctional rhythm: Paper 
25 mm/s. 


potentials will be reflected in a lengthening of th 
interval. Our patient had a prolonged Q-T interval th 
returned to normal 11 days after amiodarone ther: 
was discontinued. Others have made the same ob 
vation, but few adverse effects have been associatec 
with amiodarone- induced lengthening of the Q-T i 
terval: 

Our patient had a ibanaiont sinus arrest immediate 
before and after electroconversion of VF; however, 
contrast to 2 cases of a previous report? in which 

ape foci also was depressed 


rhythm. Such depresion of automaticity could be 
to an amiodarone-induced inhibition of the slow cha 
nel. Calcium entry blocking drugs are more effectis 
depressing sinus node automaticity than AV junctio: 
automaticity.’ 

A profound decrease in heart rate coupled with 
amiodarone-induced rate-independent prolongatio 
the Q-T interval will enhance the temporal dispe: 
of the refractory period® and favor the developme 
ventric ar premature beats. Our patient had sever 














re. beats immediately before the onset of VF. 
Although digitalis levels reportedly increase after ad- 
tration of amiodarone,’ our patient’s digoxin level 
was normal. Thus, amiodarone can elicit dysrhythmias, 
the simultaneous occurrence of depressed auto- 
maticity, a prolonged Q-T interval, and ventricular 
premature beats is an ominous premonitory sign. 
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Myocardial Ischemia in Anomalous 
Origin of the Right Coronary Artery 
From the Pulmonary Trunk 


roof of a Coronary Steal 


ARY S. MINTZ, MD, ABDULMASSIH S. 
ISKANDRIAN, MD, CHARLES E. BEMIS, MD, 
ELDRED D. MUNDTH, MD, and JOHN S. OWENS, MD 


omalous origin of the right coronary artery from the 
ulmonary artery is considered a benign entity. At least 
22 patients with this condition have been reported. Two 
atients, both young, died suddenly.!:? This report de- 
cribes another consequence of an anomalous right 
‘oronary artery. 


¿A 47-year-old man presented after having angina pectoris 
or 2 months. Findings on physicial examination, resting 
leetrocardiography and chest roentgenography were nor- 
mal, A multistage, graded treadmill exercise test was per- 
ormed. After 9 minutes of exercise (at a heart rate of 160 
beats/min), the patient described angina, and the electro- 
_cardiographic monitor showed 3 mm downsloping S-T seg- 
ment depression in the anterior precordial leads (Fig. 1). A 
_thallium-201 myocardial perfusion scan showed a decrease 
n ‘perfusion of the anterior surface during exercise with 
‘mal perfusion in the 4-hour delayed study. On selective 
ry arteriography the left anterior descending and left 
{lex coronary arteries were normal. The right coronary 
(RCA) originated from the pulmonary trunk; it filled 
rogradely by way of collaterals from the left coronary ar- 
y and emptied into the pulmonary trunk (Fig. 2). Myo- 
ardial perfusion scintigraphy using intracoronary injection 
f labelled particles was performed after coronary arteriog- 
aphy. Three mCi of technetium-99m human albumin mi- 
senpepheres were injected selectively into the left coronary 
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FIGURE 1. At stage 3 of the Bruce protocol, the treadmill exercise tosts ; 
shows 3 mm downsloping S-T depression in the anterior precordial Vs) 
and inferior (aVF) leads. 





artery. Total lung counts were 19,314 (84%); hea t cou 
were 3,963 (16% ). (Fig. 3). 
The coronary artery anomaly was operatively co 
The RCA was isolated; its origin was excised fron 
rior surface of the pulmonary trunk and reimp 
the aorta. Before excision, blood flow through the 
artery was 1,200 to 1,400 ml/min toward the pulmona 
tery. After reimplantation, blood flow into the RCA 
normal in direction. The postoperative course wa. 
eventful. Findings were normal on exercise thallium. 
myocardial scintigraphy 3:months after operatio Arteri- 
ography showed that anastomosis of the RCA was normal. 








Coronary arterial steal may result from shunting of 


_ blood from. 1 coronary artery to another (intercoro- i. 
we nary), from I ' location | ina i coronary to another i 
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FIGURE 2. Selective coronary arteriograms demonstrating the anomalous origin of the right coronary artery from the pulmonary artery. A, contrast 
material is injected into the left coronary artery (open arrow); the right coronary artery (solid arrow) begins to opacify faintly. B, a later frame from 
the same injection shows denser opacification of the right coronary artery (solid arrow) as well as visualization of the anomalous artery originating 


from the pulmonary artery (PA). 


same coronary through collateral flow (intracoronary), 
and from a coronary artery to a venous connection 
(arteriovenous). There are 3 potential causes: congenital 
or acquired anatomic malformations, obstructive cor- 
onary artery disease, and vasoactive pharmacologic 
interventions. 

The most common congenital cause of a coronary 
steal is anomalous origin of the left coronary artery from 
the pulmonary trunk. After birth, the pulmonary arte- 
rial pressure falls, and survival depends on the acute 
development of collateral blood flow from the right to 
the left coronary artery. The collateral flow causes a 
large arteriovenous shunt, and the coronary steal em- 
barasses left ventricular myocardial function.®4 It has 
been postulated that intercoronary shunting may exist 
in patients with obstructive coronary artery disease. 
Blood may be “stolen” from the less diseased artery by 
way of collateral flow to the more diseased artery. 
Pharmacologic experiments have shown that vasodi- 
lators can cause “shunting” of blood from ischemic to 
nonischemic (or from subendocardial to subepicardial) 
myocardium. Alpha-adrenergic stimulation and vaso- 
constriction will reverse this phenomenon. It can be 
argued that these changes do not represent a true cor- 
onary steal, but rather a decrease in the effective per- 
fusion pressure needed to maintain maximal collateral 
blood flow to the ischemic zone.®” 

Our patient with an anomalous origin of the RCA has 
an unusual proof of a true coronary artery steal. Of the 
technetium-99m labeled microspheres injected into the 
left coronary artery, 84% passed through the collaterals 
to the RCA to lodge in the pulmonary artery; thus, there 
was a 5 to 1, resting left-to-right shunt through the 
collateral circulation of the coronary vascular bed. 
(Because approximately 95% of these microspheres are 





FIGURE 3. Three mCi of technetium-99m human albumin microspheres 
were injected selectively into the left coronary artery. Scintigraphic 
images of the heart and lungs show total lung counts of 19,314 (open 
arrows) and total heart counts of 3,963 (solid arrows). The left-to-right 
shunt through the coronary circulation is approximately 5 to 1. 


10 to 30 um in diameter, their presence in the lungs in 
such magnitude indicates large diameter collateral 
vessels.) During exercise, angina developed; myocardial 
scintigraphy showed decreased anterior wall perfusion; 
and the exercise electrocardiogram showed marked 
anterior precordial S-T segment depression. After 
reimplantation of the anomalous RCA, the patient be- 
came asymptomatic; and both the exercise scintigraphic 
and electrocardiographic results became normal. 

Two explanations are possible. First, intercoronary 
steal from the anterior myocardial circulation caused 
anterior ischemia. Second, because the coronary cir- 
culation was maximally dilated, there was no ability to 
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increase blood flow to the anterior myocardium to meet 
the increased demand of exercise. Because the zone of 
ischemic myocardium was in the distribution of the left 
anterior descending artery, a steal was likely. 

At surgery, coronary blood flow was 1,200 to 1,400 
ml/min toward the pulmonary artery. Thus (by infer- 
ence from the 5 to 1 intercoronary shunt), total anter- 
ograde left coronary blood flow was 1,440 to 1,680 
ml/min, but only 240 to 280 ml/min supplied myocar- 
dium. Normal myocardial blood flow is approximately 
85 ml/min/100 g of left ventricular myocardium at 
rest. During maximal exercise, myocardial blood flow 
increased 4 times; during maximal pharmacologic cor- 
onary vasodilatation with dipyrimadole, myocardial 
blood flow increases 5 times. In our patient at rest before 
surgery, anterograde left coronary blood flow was 
greater than the maximal expected flow after maximal 
coronary vasodilatation. The ability to augment total 
flow during exercise was limited. A steal and myocardial 
ischemia resulted. 

Thus, anomalous origin of the RCA is not benign. A 
coronary steal may cause exercise-induced myocardial 
ischemia. This may be the mechanism of sudden death 


reported in this disorder. If exercise-induced myocardial 
scintigraphy documents a steal, surgical correction 
appears warranted. 
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Blood Cyst of the Papillary Muscle 


Clinical, Echocardiographic and Anatomic 
Observations 


ANDREW M. HAUSER, MD, KAMALSINGH 
RATHOD, MD, JANET McGILL, MD, BARBARA F. 
ROSENBERG, MD, SEYMOUR GORDON, MD, and 
GERALD C. TIMMIS, MD 


We describe the echocardiographic and anatomic fea- 
tures of an intraventricular cardiac blood cyst which was 
diagnosed after an embolic stroke. 


A 27-year-old man was admitted with acute right-sided 
hemiparesis and expressive aphasia. The cardiac sounds 
were normal and a grade 1/6 apical systolic murmur was 
heard. Findings on chest radiography, electrocardiography, 
and brain scan were normal. The hemiparesis and aphasia 
disappeared in 48 hours. A 2-dimensional echocardiogram 
(Fig. 1) demonstrated mild left atrial enlargement and sys- 
tolic mitral valve prolapse. A 2.5 cm echolucent mass at- 
tached to the tip of the anterolateral papillary muscle moved 
in synchrony with adjacent chordae tendineae. In systole, 
-anterior motion of the mass toward the left ventricular out- 
flow tract was observed. 
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FIGURE 1. Apical 4-chamber view (top) and parasternal short-axis view 
(bottom) demonstrating the bilobed and cystic appearance of a mobile 
mass attached to the tip of the anterolateral papillary muscle and ad- 
jacent chordae tendineae. The left atrium (LA) is mildly erflarged. LV 
= left ventricle; RA = right atrium; RV = right ventricle; T = tumor. 
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FIGURE 2. The 2.5 cm bilobed cyst attached to the papillary muscle. 
MV = normal mitral valve; PM = papillary muscle; T = tumor. 


Through a left atrial incision, a bilobed 2.5 cm cystic mass 
was found attached to the anterolateral papillary muscle and 
adjacent chordae tendineae. Complete removal necessitated 
replacement of the mitral valve also. The mass was formed 
of 2 contiguous cysts with trabeculated inner linings and 
contained dark red blood (Fig. 2). The cyst wall extended 
from the tip of the papillary muscle, adhered to adjacent 
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chordae tendineae, and consisted of relatively dense col- 
lagenous fibrous tissue containing elastic fibers, lympho- 
cytes, and a few plasma cells and eosinophils. The cyst was 
lined by endothelial-like cells. The mitral leaflets were 
normal. 


Since cystic cardiac masses are rare, there have been 
few echocardiographic descriptions. Farooki et al! noted 
an echo-free appearance on M-mode examination of an 


| 


intramural fluid-filled hydatid cyst in a child with © 


echinococcosis. The angiographic and pathologic ap- | 


pearance of a nonendothelialized cyst involving the — 


mitral valve has been described by Leatherman et al.” 
Blood-filled cysts also may involve the pulmonic valve 


and can result in obstruction.*~ Our case differs from _ 


these in several respects: papilllary muscle attachment 
is unique, and to date, it is the only blood cyst detected 
by echocardiography. The echocardiogram provided the 


only clinical clue to the etiology of our patient’s embolic — 


event and obviated the need for cardiac catheteriza- 
tion. 
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Transmural Ischemia During 
Preexercise Hyperventilation 


BERNHARD H. LISKER, MD and 
SANFORD E. LEFF, MD 


Hyperventilation is performed in many laboratories as 
an adjunct to stress testing. Its purpose is to identify an 
abnormal electrocardiographic response that may occur 
from the hyperventilation associated with exercise 


rather than the exercise itself. There have been no re- 


ported complications of this procedure. We were re- 
cently involved in the care of a patient in whom pro- 


- found myocardial ischemia developed during routine 
hyperventilation. 


The patient (LW) was a 69-year-old white man with sys- 
temic hypertension and exertional angina. His medications 
were hydrochlorothiazide and captopril. The 12-lead elec- 
trocardiogram, heart rate, and blood pressure were recorded 
supine, standing, and after 30 seconds of hyperventilation. 
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With hyperventilation the heart rate increased from 76 to 
122 beats/min and the blood pressure increased from 180/80 
to 200/110 mm Hg. S-T segment elevations of 3 mm appeared 
in leads I and aVL and S-T segment depressions of 2 mm in 
the inferior leads (Fig. 1). The patient was dyspneic but 
without chest pain. The electrocardiogram returned to 
baseline after several minutes (Fig. 2). The patient was 
hospitalized. Serial cardiac enzyme levels were normal, but 
the electrocardiogram evolved T-wave inversions across the 
precordium lasting 4 days, consistent with nontransmural 
injury. Cardiac catheterization revealed 90% diameter 
narrowing of the left main coronary artery and multiple high 
grade narrowings in the proximal and mid right and left 
coronary arteries. The patient was treated with long-acting 
nitrates in addition to the antihypertensive medications and 
was referred for coronary bypass surgery. 


Patients with angiographically proven normal coro- 
nary arteries have a propensity to electrocardiographic 


changes induced by hyperventilation. It has been sug- 
gested that subjects be routinely studied with at least 
25 seconds of hyperventilation before exercise testing 


to rule out false-positive results.! However, there are ~ 
reports that hyperventilation may induce changes in 


patients with angiographically proven coronary artery 
disease, demonstrating that these entities do coexist.” 


During hyperventilation a 20 to 30% increase in resting 
heart rate is expected, possibly because of stimulation 


of sympathetic activity.? Additionally, an analysis of 
coronary vascular dynamics after 6 minutes of hyper- 









malization of T waves. 





ventilation showed an increase in myocardial oxygen 
uptake independent of the rate-pressure product, 
without reduction in coronary sinus blood flow, 
_ suggesting that hyperventilation can increase myocar- 
dial oxygen extraction but does not cause significant 
_ coronary vasoconstriction. Coronary spasm has been 
elicited by respiratory alkalosis in a patient known to 
have variant angina® and in a recent series of 10 patients 
0. with variant angina.® However, in all cases, more 
an 4 minutes of hyperventilation was required; the 
iset of electrocardiographic changes was usually de- 
yed by several minutes; S-T segment elevations were 
ely more than 1 mV. 
Our patient had transmural ischemia that could be 
plained by a doubling of the rate-pressure product 
id a possible secondary or independent increase in 
myocardial oxygen extraction in a high risk setting. We 
annot exclude spasm, but it is unlikely to have been 

ovoked by such brief hyperventilation; we chose not 
o challenge with ergonovine during catheterization in 





FIGURE 1, Electrocardiogram of patient LW immediately after hyperventilation, showing S-T segment elevations and depressions and pseudonor- ©. 


iew of the recent injury and severe obstructive coronary _ 




























FIGURE 2. Three minutes after hyperventilation the electrocardiogram had returned to baseline. 





disease. The response to hyperventilation that we en- 
countered, regardless of the exact cause, confirms that 
the responses to hyperventilation are complex, andthe | 
routine use of this procedure before exercise testing may _ 
yield unpredictable information that is not necessarily — 
false-positive. s ue 
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Two-Dimensional Echocardiographic 
Detection of Right Atrial Thrombi 


BRUNO V. MANNO, MD, IOANNIS P. PANIDIS, MD, 
MORRIS N. KOTLER, MD, GARY S. MINTZ, MD, 
and JOHN ROSS, RCPT 


Right atrial thrombi are rarely diagnosed antemor- 
tem.!,2 We describe 2 cases of right atrial thrombi de- 
tected by 2-dimensional echocardiography. A 62-year- 
old man with amyloid heart disease and congestive heart 
failure underwent 2-dimensional echocardiography, 
which revealed 4-chamber enlargement, especially of 
the right atrium. A dense echogenic band was repro- 
ducibly visualized coursing the right atrium only in an 
off-axis apical view while not seen in standard views 
(Fig. 1). This was confirmed as thrombus in the right 
atrial appendage at autopsy. A 34-year-old man un- 
derwent uneventful repair of a secundum atrial septal 
defect. Echocardiography performed postoperatively 
revealed an enlarged right atrium and ventricle. An ir- 
regular, immobile speckled mass was visualized pos- 
terolaterally in the right atrium in apical 4-chamber, 
right ventricular inflow, and right-sided apical 2- 
chamber views (Fig. 2). Angiography later confirmed 
this mass as thrombus. 

Right atrial thrombus formation is uncommon; it is 
found in patients with an enlarged right atrium, reduced 
cardiac output, and relative stasis of blood, such as 
congestive cardiomyopathy,’ idiopathic dilation of the 
right atrium‘ with foreign bodies,° or after endocardial 
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damage.® Several of these factors were present in both 
of our cases. 

The typical 2-dimensional echocardiographic ap- 
pearance of atrial thrombus is a nonhomogeneous, im- 
mobile mass with a broad base of attachment to the 
atrial wall and a distinct intracavitary margin, as seen 
in our second patient (Fig. 2). However, the other 
pathologically confirmed thrombus was visualized as 
a curvilinear echodense band with a distal echo-free area 
seen only in an off-axis view (Fig. 1). The distal echo- 
free zone may be explained pathologically by the lack 
of organization or fibrosis; the band represented the 
interface between the blood and the thrombus. A pre- 
vious report emphasized the necessity of visualizing 
right atrial masses in multiple standard planes to 
eliminate artifactual echoes.! The reproducibility and 
persistence of the band with varying transducer angu- 
lation and gain settings make artifact an unlikely cause. 
This suggests that nonstandard views may be necessary 
to detect right atrial thrombi, especially those in the 
right atrial appendage, and that thrombus may have an 
atypical echocardiographic appearance. Right atrial 
thrombus must be differentiated from other causes of 
a right atrial mass such as myxomas, sarcomas, and 
other neoplasms, primary or secondary. Secondary 
neoplasms can extend into the right atrium by way of 
the inferior vena cava, especially in patients with hy- 
pernephromas.!2 Differentiation from thrombus may 
be difficult; however, the site of attachment of the mass 
is useful. In myxomas, the site of attachment is the atrial 
septum, and in secondary tumors extension from the 
inferior vena may assist in the differentiation of right 
atrial masses. Triscuspid valve vegetation also may 
present as a right atrial mass; however, the attachment 
to the tricuspid leaflet and mobility during the cardiac 
cycle often help in the differentiation from thrombus. 
Several intrinsic right atrial structures such as Chiari 
network, aneurysm of the atrial septum, and Eustachian 
valves may appear as atrial masses. However, their lo- 
cation and mobility again help differentiate these 
structures from thrombus. 





FIGURE 1. A, a 2-dimensional 4-chamber apical view. The right atrium (RA) is enlarged. No thrombus is seen. B, off-axis apical 4-chamber view. 
An echodense band is seen coursing the right atrium (arrow). LA = left atrium; LV = left ventricle; RV = right ventricle. 


616 BRIEF REPORTS 





RV APICAL 
2—CHAMBER 





FIGURE 2. Left, 2-dimensional 4~chamber apical view demonstrating thrombus in posterolateral right atrium (RA) (arrows). Right, right ventricular 
apical 2-chamber view again demonstrates thrombus in right atrium (arrow). LA = left atrium; LV = left ventricle; RV = right ventricle; TV = tricuspid 


valve. 


In conclusion, right atrial thrombus, although an 
uncommon finding, can be reliably diagnosed and dif- 
ferentiated from other atrial masses using 2-dimen- 
sional echocardiography. Use of off-axis as well as 
standard views may be necessary to visualize the 
thrombus. 
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Currently available antianginal agents... 
and how they are most appropriately employed as 


BASIC THERAPY FOR THE 
PREVENTION OF ANGINA PECTORIS" 


Report from “Step-Care Therapy for Ischemic Heart Disease" 
—a special symposium preceding the annual meeting 
of the American College of Cardiology, April 24, 1982. 








Synopsis of the Symposium 


Step 1: Nitrates 


Since nitrates both reduce myocar- 
dial oxygen demand and increase 
myocardial oxygen supply, their use 
is warranted as initial therapy for the 
control of angina pectoris. Dosage 
needs often vary significantly from 
patient to patient, and attention 
should be given to ensure that an 
adequate dosage level has been 
established. 


Step 2: Nitrates and 
beta blockers 


For angina refractory to maximum- 
dose nitrate therapy, the comple- 
mentary actions of beta blockers 
and nitrates provide a rational ther- 
apeutic modality. At this point a beta 
blocker should be added to the 
nitrate regimen. 


Step 3: Nitrates and 
calcium antagonists 


Calcium antagonists have special 
usefulness in controlling cases 
where the myocardial oxygen sup- 
ply is diminished by coronary vaso- 
spasm; their use in combination 
with nitrates is recommended if 
Step 2 therapy is unsatisfactory (or if 
. the patient has variant or vasospas- 
tic angina). 
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Consensus of the Symposium 
Nitrates are basic in step-care therapy for 
ischemic heart disease 


Step 3 

If still not controlled 
(or in variant 
angina): Nitrates + 
calcium antagonists 


Step 2 

If not controlled: 
Nitrates + 

beta blockers 


Step 1 
Stable or unstable 
angina: Nitrates 















The basic antianginal agent 
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In angina pectoris... 
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sublingual or chewable route and possibly effective when taken orally 
for this indication. See Brief Summary on following page. 
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"Indications: Based on a review of this 

| drug by the National Academy of 
Sciences — National Research Council 
and/or other information, FDA has 
classified the indications as follows: 
“Probably” effective, When taken by the 
sublingual or chewable route, Isordil 
Sublingual and Chewable Tablets are indi- 

: cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 
“Possibly” effective: When taken by the 
oral route, Isordil is indicated for the relief 
of angina pectoris (pain of coronary artery 
disease). It is not intended to abort the 
acute anginal episode, but is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 
Final classification of the less-than- 
effective indications requires further 
investigation. d 








Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use Of nitrites 
and nitrates during the early days of the acute 
phase: of myocardial infarction (the period 
during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross- 


tolerance to other nitrites and nitrates may occur. 


Adverse Reactions: Cutaneous vasodilation 
with flushing. Headache is common and may 
be severe and persistent. Transient episodes 
of dizziness and weakness as well as other 
signs of cerebral ischemia associated with 
‘postural hypotension may occasionally 
develop. This drug can actas a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents: An occa- 
sional individual exhibits marked sensitivity 


o. to the hypotensive effects of nitrite, and - 


severe responses (nausea, vomiting, weak- 
ness, restlessness, pallor, perspiration and: 
collapse) can occur even with the usual theta- 
peutic dose. Alcohol may enhance this effect: 
Drug rash and/or exfoliative dermatitis may 
“occasionally occur. _ 
` Consult direction circular before prescribing, 
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FECTIONS IN THE ABNORMAL HOS 


dited by Michael H. Grieco, M.D. 
Clinical Medicine, Columbia Univ. College Physicians and 
Surgeons. Director R.A. Cooke Institute of Allergy, St. 
Luke’s-Roosevelt Hosp., N.Y. 


‘Text by 47 specialists, 1,035 pages, 147 illus., 78 full-color 
i photos. Completely indexed. $79.95. 


In 36 revealing chapters are reviewed the mechanics of host 

‘defenses. ..the various underlying disorders and the latest 

“treatments by chemotherapy, management of agranulocytosis, im- 

iunological reconstitution, passive and active immunotherapy, and 

mmunostimulation. INFECTIONS IN THE ABNORMAL HOST will 

help you understand, diagnose, and manage the many infections 
ich ‘strike patients whose defense mechanisms are down. 


check this list of chapters 
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phil in Host Defense: Congenital, Acquired and Drug-induced Abnormalities * 
e Complement System in Human Disease + Structure and Function of Immu- 
nogiobulins.* Human Lymphocyte Subpoputations: Surface, Intracellular, En- 
i atic: Markers and Functions * Congenital and Acquired Primary Disorders 
Function * Drug-induced B and T Lymphocyte and 

Cutaneous, Pulmonary. Gastrointestinal and Geni- 

elationship to Nosocomial Infections * 

c Sequelae of 


yogenic Bacterial infections + Higher Bacterial and Fungal infections * My- 

al Infections © Viral and Chlamydial Infections ° Protozoal and Hel- 
tions * Infections Complicating the Transfusion of Blood, Blood 

cts, Animal Exposure and Animal Products + infections Complicating the 

ic Host # Infections in Parenteral Narcotic and Drug Abusers * infec- 
mplicating. Uremia and Organ Transplantation * Infections in Patients 

fic. Diseases. © infections Complicating Diabetes Mellitus è Diag- 

eatment of Diffuse Pheumonias: * Host Deficiency States and Cen- 
ystem.Infections * Genitourinary Infections + Infections Compli- 

“Rheumatic Diseases 9 Endovascular and Prosthetic implant Infec- 
intraocular Manifestations of Systemic Infections * Selected Histopath- 

logic Responses * The Microbiology Laboratory in Diagnosis and Therapy ° 
fections Complicating Surgical or Functional Splenectomy and Gastrectomy 


‘MANAGEMENT 


‘atimicrobial Therapy in the Compromised Host: Resistance, Pharmacology 
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1-With this comprehensive work, Grieco has clearly filled a mar 
gap in the infectious disease literature. Various sections should t 
interest to a broad range of ‘practitioners. . . should serve as an if 
portant starting point and a useful reference source for any ph 
cian concerned with the complicated but increasingly important p 
tient, the compromised host.” igh 
Philip A. Pizzo, MD, National Cancer Institute, NEW ENGLAN 
JOURNAL OF MEDICINE. Jan. 8, 1981 


“This work will serve the physician well in caring for patients with 
serious infections. It is well organized and-easy to use for qui 
reference, It also serves as an extensive review of infections in th 
defective host for specialists in infectious disease, pulmonar 
medicine, and cancer.” : 
W. Lee Fanning, MD, JOURNAL AMERICAN MEDIC 
ASSOCIATION, Jan. 2, 1981 


“This important text should play a valuable role in the understandin: 
and management of infections in the abnormal host and shows ho 
clinical microbiologists, imrnunologists, and infectious disease: 
icians can work together in the diagnosis and management. 
patients.” ~ 
D.M. Weir, Dept. Bacteriology, Univ. of Edinburgh, LANCET, Jul 
19, 1980 


2°This. book is expertly edited. . . an- outstanding feature dis: th 
thoroughness in which the book is indexed... Asa comprehensi 
text for the academician and as a sound guide for the clinician 
every field, the book is highly recommended. immunologist: 
microbiologists, oncologists, internists, and specialists. in infecti 
diseases should either purchase the book or have a copy readil 
available as a reference. Medical and graduate school librarie 
should own copies.” oe n Apai 
E.A. Gorzynski, IMMUNOLOGICAL COMMUNICATIONS, Sel 
7, 1980 l 


3"And so we must not only choose the correct antibiotic but als 
overcame the infection in this compromised, immunosuppresse: 
patient or what we commonly term the person with poor resistance 
This clearly calls for a book of guidance and this is it, all. 1,035 page 
of it, beautifully edited, lavishly produced, and with the experienc 
and wisdom of 47 contributors.” 

D. Geraint James, FRCP; Dean Royal Northern Hospital, Londo 
MILAN DAILY MEDICAL. NEWSPAPER, May 1980 : 
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Please send, on approval, copies of INFECTIONS IN THE. 
ABNORMAL HOST,edited by Michael H. Grieco. | will be free tore: 
and consult the book in any and all relevant situations for 30 days 
lam not convinced it is a valuable professional tool, | will returnit 
and owe nothing. Otherwise, I will remit $79.95 plus shipping. 


Send invoice, plus shipping. 

Payment enclosed, publisher pays shipping. 
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Card No. ros ie EKDITE Datë ocra 


Name 
AGGIES S ee enter 


City 





-7 





— 


COMPU-SCAN SUMMARY 


| BY HOUR 


TOTAL, 





COMPLSCAN GRAPI SUMMARY REPORT 


CES PATIENT 10 
1 PHYGIAN SCANNED BY 


FROM THE DESK OF 


Name 
Address 
City State __ ip. 
Phone ( ) 














Comp-scan sounds interesting. 
O [needa demo, O Please send more information, 


Please send thiscouponto: Hittman Medical Systems, Inc. 
9190 Red Branch Road. 
Columbia, MD 2104 


COEGEND: 


m 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 








AR E Ree a ee poe ee 
ae eran ji rèh DA Pot Pred eta Fe PA kl 












Some | 
benzodiazepine 
notics 
have l a 
half-life 


Too long a half-life may lead to: i 
e drug accumulation ga 


e hangover/daytime drowsiness -N 
e interaction with other agents ee | 


Some 
benzodiazepine 
hypnotics 
have too short a 
half-life 


Too short a half-life may lead to: 

e nocturnal awakenings Seca 
e early-morning awakenings 

e anterograde amnesia 





~~ (temazepam) 
Amore appropriate half-life 


One 30-mg capsule, h:s.—usual adult dosage. 

‘One'15-mg capsule, h.s.~recommended initial dosage 
for elderly and/or debilitated patients, 

INDICATIONS AND USAGE: Restoril® (temaze- 


“ pam) is indicated for the rélief of insomnia associated 


with complaints of difficulty in falling asigep, frequent 
nocturnal awakenings; and/or early morning awaken- 
ings. Since insomnia is often transient and intermit- 
“tent, the prolonged administration of Restorilis gen- 
erally not necessary or recommended. Restoril has 


been employed for sleep maintenance for up ta 35.. 


consecutive nights of drug administration.in sleep lab- 
oratory studies. 

The possibility that the insomnia may be related to a 
condition for which there:is more specific treatment 
should be considered. 

CONTRAINDICATIONS: Benzodiazepines may 
cause fetal damage when administered during preg- 
nancy, Añ increased risk of congenital malformations 
associated with the use of diazepam and chiordiaz- 
epoxide during the first trimester of pregnancy has 
been suggested in several studies ‘Also, ingestion of 
therapeutic doses. of benzodiazepine hypnotics during 
the last weeks of pregnancy has resulted in neonatal 
CNS depression. Restoril is contraindicated in preg- 
„nant women, Consider a possibility of pregnancy 
wher instituting therapy or whether patient intends to 
become pregnant, 
WARNINGS: Patients receiving Restoril (temaze- 
pam) should be cautioned about possible combined 
effects with alcohol and other CNS depressants, 
PRECAUTIONS: |n elderly and/or debilitated 
patients, it is recommended that initial dosage be fim- 
ited to 15mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is 


any evidence of latent depression; it should be recog-- 


nized that suicidal tendencies may be present and pro- 
tective measures may be necessary. 

if Restoril.is to be combined with other drugs hav- 
ing known hypnotic properties or CNS-depressant 
effects, due consideration should be given to potential 
additive effects. 


information for Patients: Patients receiving Restoril = 


should be cautioned about possible combined effects 
with alcohol and other CNS depressants. Patients 
should be cautioned not to operate machinery or drive 
a motor vehicle. They should be advised of the possi 
bility of disturbed nocturnal sleep for the first or sec- 
ond night after discontinuing the drug. 

Laboratory Tests: The usual precautions should be 
observed in patients with impaired renal or hepatic 
function. Abnormal liver function tests as well as blood 
dyscrasias have been reported with benzodiazepines. 
Pregnancy: Pregnancy Category X. See Contraindica- 
tions: 

Pediatric Use: Safety and effectiveness in children. 
below the age of 18 years have not been established. 
ADVERSE REACTIONS: The most common 
adverse reactions were drowsiness, dizziness and leth- 
argy. Other side effects include confusion, euphoria 
and relaxed feeling. Less.commonily reported were 
weakness, anorexia and diarrhea. Rarely reported 
were tremor, ataxia, lack of concentration, loss of 
equilibrium, falling and palpitations. And.rarely 
reported were hallucinations, horizontal nystagmus 
and paradoxical reactions, including excitement, stim 
ulation and hyperactivity... 

Restoril is a controlled substance in Schedule IV. 
Caution must be exercised. in. addiction-prone individ- 
uals or those who might increase dosage. 

DOSAGE AND ADMINISTRATION: Aduits: 30 mg 
“usual dosage before retiring: 15 mg may suffice in 
some. Elderly and/or debilitated: 15 mg recommended 
inilally until individual response is determined. 
SUPPLIED: Restoril (temazepam) capsules—15-mg 
maroon and pink imprinted “RESTORIL 15 mg”; 
38 mg. maroon and blue, imprinted “RESTOL 
30 mg”. Packages of 100, 500 and -ControlPak®. pack- 
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Congestive Heart Failure 
Mechanisms, Evaluation and Treatment 
Dean T, Mason, M.D. 


This rare treatment of such a multifaceted ae provides an únůsýal: op 
portunity forthe busy clinician to add to his knowledge in a minimum” 
amount of time. Any area of immediate interest can be rapidly located and 
asomuch an as needed can be awk: extracted, The concentration on 
improved clisical management willbe appreciated by every internist? card: 
jologist, generalist, and any professional involved in cardiovase ular 
medicine. ot 


Dean Mason, President of the American College of Cadiolery. he 
ganized this monograph within the three areas relevant to an-underst 
of congestive:heart failure: mechanisms, evaluation and treatment: 
recognized authorities have been assembled by Dr. Mason, each contr 
uting their expertise to make this book the foremost text covering: the high! 
important and common disorders of abnormal heart function. 


This. preserdation of recent advances in basic research and clinical 
progress has been highly acclaimed for its major contribution tò th 
provement of patient cafe. We invite you to see if you don't-agree. Č 
and take 30 days to look over the book. if you're not totally satisfied, return a 
it. He 


About the author... : Dean T, Mason, M.D. : 
Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, 


~ University of Cal loria, Schoot of Medicine, Davis, 


President, American College of Cardiology; President, Western Society for Clinical. 
esearch a 


Member of the American Board of Internal Medicine Cardiovascular Diseases: 


Has authored more than 400 original articles on cardiovascular science and clinical 
cardiology. 


Serves on the editorial boards of The American Journal of Cardiology; The Journal ot 
Clinical investigation, Circulation, Chest, Clinical Pharmacology and, Therapeutics, 
Catheterization and Cardiovascular Diagnosis. and Heart and Lung. © 


Recipient of Experimental Therapeutics Award in 1973 from the American Society ol 
Pharmacology and Experimental Therapeutics, the Research Awards in 1965 f om: 
the American Therapeutic Society, and the Theodore and Susan B. C 
Humanitarian Awards in 1972-1973, and 1975 from the U.S. State De 

the American College of Cardiology. ee 


` YORKE MEDICAL BOOKS Box C-757, Brooklyn, N.Y. 11205 


Please send me a copy of ‘CONGESTIVE HEART FAILURE for 30 days free exami 


` decide to keep it, your invoice will be honored ($40.00 plus shipping cost): Oth 


will be returned for full credit or refund, 
T1 Full payment enclosed, publisher absorbs shipping cost. 
C. Send invoice (U.§. and Canada only) 
Countries outside Western Hemisphere: $40.00 prepaid in U.S. funds. 
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When you invest in 
angiography equipment, 
there’s no need for 
compromise. You can select 
an imaging system designed 
to optimize operator efficiency 
and clinical versatility. The 
ANGIOSKOP overcomes the 
typical limitations of other 
systems. That’s why it’s the 
‘‘no-compromise’”’ system. 
See for yourself. Compare 
the facts and discover the 
ANGIOSKOP advantage. 


A.P./P.A. Studies 


The typical compromise: True a.p. 
projection is not possible. 

The ANGIOSKOP advantage: A 
C-arm system that easily positions 
to a.p. for classic peripheral 
studies including leg arteriography. 
Oblique Studies 

The typical compromise: Restricted 
patient access. 

The ANGIOSKOP advantage: An 
imaging system that doesn’t get in 
the way between clinician and 
patient. Our C-arm design 
eliminates the usual hinderances 
and provides easy access. 


Contact Studies 

The typical compromise: Inadequate 
working height. 

The ANGIOSKOP advantage: 
Vertical adjustment of the isocenter 
to maintain an efficient and com- 
fortable working height at all times. 


Cine Studies 


The typical compromise: Limited 
imaging applications. 

The ANGIOSKOP advantage: A 
universal system that is well suited 
for cine technique and adaptable to 
perform all imaging modalities. 


Focal Spot Selection 


The typical compromise: Double 
focus tubes. 

The ANGIOSKOP advantage: A 
unique triple focus tube for full 
range performance, minimizing 
geometric or motion unsharpness. 


X-Ray Generator System 

The typical compromise: Complex 
technique selection. 

The ANGIOSKOP advantage: A new 
special procedure D.C. generator— 
the PANDOROS 1200A. Features 
convenient anatomic program 
selection from a single control 

desk for all modalities. 





..And Digital 
Subtraction Angiography 


The ANGIOSKOP allows all | 
projection capabilities essential for — 
optimum digital subtraction 
angiography. And Siemens offers a 
choice of digital imaging systems 

to match your clinical requirement. 


To learn more about how the 
ANGIOSKOP can help uncomplicate 
your angiographic procedures, 
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(201) 321-3400 
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This supp lement is based on the proceedings ofa symposium held 
in Key Biscayne, Florida on October 29, 1982. The symposium — 
was supported by a grant from Pfizer Laboratories Division, Pfizer 
Inc., New York, New York. The information presented. and the 
opinions expressed herein are those of the individual authors and 
do not necessarily reflect the views of Pfizer Inc. or The American 
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_ Proceedings ofa Symposium: ni: 
INITIAL THERAPY IN HYPERTENSION 


Introduction 
_ NORMAN M: KAPLAN ; 


New Approaches to the Therapy of Mild Hypertension 
NORMAN M. KAPLAN 


Despite widespread acceptance of the-diuretic-first, stepped-care approach to the treatment ‘of hypertension 
the extensive broadening of antihypertensive therapy to many millions. more who are at relatively low risk from 
a mild hypertension should bring about a reassessment of current practice. The use of other alternatives. toa di 
2 uretic as initial therapy and the substitution of another single agent rather than the Sequential addition of ae - 
< should be given careful consideration i in order to provide the most benefit at the least risk.. ; ae 


E Effect of Antihypertensive Agents on Lipid Metabolism 
RALPH CUTLER 


oe Recent studies have shown that thiazides and chiorthalidone have. an ‘adverse effect on. lipid metabolism bya in 
creasing plasma triglycerides, total cholesterol, and low density lipoprotein (LDL) cholesterol in mildly hyperten- 
Sive patients. Loop diuretics also affected lipid metabolism adversely, but by lowering high density lipoprotein. 
(HDL) cholesterol instead. Methyldopa has also been found to decrease HDL, while reserpine appears to be lipid 
neutral. Beta-adrenergic blocking agents generally increase triglycerides—with the exception of nadolol, which ; 
decreases them--or decrease HDL. Prazosin has no adverse effect on: lipids. ; ; 


Negative Effects of Diuretic Drugs on Metabolic Risk Factors for Coronary Heart Disease: Possible — 
Iternative Drug Therapies — 


RICHARD P. AMES: 


“Results of 8 major hypertension treatment trials, all using di uretic drugs ; as first-line wie therapy, indicate. a un 

form reduction in stroke and congestive heart failure (CHD): but no convincing. b efit to CHD. The reason foi 
xpected failure to control CHD is unclear, but metabolic studies indicate that other risk factors for CHD 
nin serum lipids and arucone PET are negatively affected sne erapr, to the peint of offeeting 





oe blockers and non-receptor-blocking sympatholytic agents which globally disrupt sympathetic function. th con 
trast; ‘alpha, selective blockade results in a nearly specific reduction in vascular tone, and hence blood pressure 
Prazosin, the first of these agents to become clinically available, has proved of value in the treatment of patients 
with hypertension. In contrast to non-subtype-selective alpha-adrenergic antagonists and direct-acting vasodila 
cantors, prazosin’s hypotensive action is accompanied by little or no increase in heart rate, plasma renin activity 
or plasma norepinephrine level. Prazosin may be used alone or in combination witha diuretic to treat mild, mod- 
` erate, or severe hypertension, and the antihypertensive effect is sustained during long-term therapy. The mai 
side effect, postural hypotension after the first drug administration, is related to drug dose and intravascular 
< ume depletion, and can be effectively prevented. Because of the adverse effects of diuretics and beta-a 
gic antagonists, as well as the growing evidence that these drugs adversely affect serum lipids, the role of alpt 
-adrenergic receptor blockade with prazosin as initial therapy of Hypertension, Particularly in young adults ake 
be seriously considered. ae 


44 Effectiveness of Prazosin as ş Initial Antihypertensive Therapy. 
RONALD OKUN nis 


In a substantial number of studies dating back to 1973 and earlier, prāzosin has been shown to be an effe: 

and well-tolerated agent when used as initial therapy in all degrees of hypertension. Prazosin lowers blood pre 

sure by reducing total peripheral resistance, which is the underlying hemodynamic abnormality in most essenti 

hypertension. It minimally affects heart rate, cardiac output, renal function, plasma renin activity; circulating cat 

echolamines, and plasma electrolytes. It has no adverse effect on lipid, glucose, or uric acid metabolis T 

most potentially serious side effect, the so-called first-dose phenomenon, is rare; its occurrence can be furt 
-diminished and in many cases abolished by giving it as initial therapy before a diuretic, avoiding volume aen 
‘ton; and giving a minimal initial dose at bedtime. ; 


: Treating the Patient With Mild Hypertension and Renal Insufficiency 
J. CAULIE GUNNELLS, Jr. 


Patients with impaired renal function are particularly susceptible to. potential damage from hypertension eve 
if mild. The aims of therapy in such patients are (1) protection of renal function and (2) prevention or delay of: 
celerated atherosclerosis. To this end, antihypertensive therapy is. required that does not adversely. affect the 
-lipid profile and does not further impair renal function. Diuretic and beta-blocking drugs fail to meet these basi 
criteria fully. Central- and peripheral-acting drugs also fall short of achieving the therapeutic objective because 
of symptomatic side effects leading, in some patients, to poor compliance. The alphay-adrenergic blockin: 
~: agent prazosin meets the 2 requirements and therefore may be particularly useful as initial therapy in these. pa 
. tients. 


Roundtable Discussion 





ver the past 25 years since orally effective drugs have 

become: available, we have witnessed a steady and sig- 

t increase both in the number of persons found 

be hypertensive and in the proportion who are being 

ated. According: to the most recent National Health 

ey, more than half of all persons with hypertension 

he United States had their condition diagnosed, 

at nd controlled in the late 1970s, versus less than 
in the early 1960s. - 

this widespread attention over the last 25 

the therapy of hypertension now seems to be in 

te of uncertainty. The reasons for this uncertainty 

multiple. First, as more and more patients with 

er forms of hypertension are being identified, the 

for the value of active drug therapy for these 

illion or more persons in the United States remains 

‘ion. Second, even less definitive information is 

out the long-term adherence to and effec- 

ness from nondrug therapies. Although many be- 

these therapies should be used, particularly 

duals. with mild oram: their use in part 


dence that current e mayn 
sensi balance between benefite a ani 


pertensive agents, and then Dr 
aim at the negative effects of diuretics on ri 
for coronary heart disease. 
As adilitiondl support for the rational ofal 
of 


the evident concerning the appropriateness 

as an alternative choice. Last, Dr. Gunnells consi 

the therapy of patients with varying: degrees of 

insufficiency. : 
Allin all, these: reports should be: a usefu 

information about alternative approaches to the 

therapy of hypertension, an area of present 

that may find new solutions in the near fut 





) Approaches to the Therapy of Mild Hypertensi o ao 


JORMAN M. KAPLAN, MD 


em A aboni the initial use of diuretic agents under 
stepped-care approach to the treatment of hy- 
ension has been voiced before. Recently, 
fever, the level of concern has risen as the re- 
ts of various trials have questioned the safety of 
agents in mild hypertension. Diuretic-induced 
pokalemia has been reported in 10 to 30% of 
tients on long-term treatment. Recent studies 
w that hypokalemia may lead to previously un- 
cted and potentially fatal. arrhythmias, par- 

ly after infarction. Increases in plasma cho- 

of 10 to 20 mg/dl may occur with diuretic 

apy. Diuretics are also known to decrease glu- 
lolerance. Beta-adrenergic blocking drugs, 

gh useful in many situations, are contraindi- 

in about 25% of the hypertensive population. 


, the stepwise addition of drugs, starting with 
‘Table I), has become the most widely used 
v the treatment of hypertension. The choice 
ic as the first drug has been advocated by 
clinicians, either as individuals or as members 
mmittees, in the United States,! Canada,? En- 
? Sweden,* West Germany,” and Australia.® Every 
large-scale clinical trial of the therapy of 
sion has used this approach.” 
ctions have been raised to the uniform use of a 
cas the first drug, mainly on the basis of the 
ed side effects and potential hazards of diuret- 
aragh! was among the first to advocate the use 
of a beta-blocking drug in most patients, the 
be based preferably on a renin profile. Some 
tea ponatis of a diuretic and a beta-block- 
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These agents may aleo pose a longterm ath 
genic risk because of their adverse effect on li 
and glucose metabolism. a 
If all these effects have the potential to in e: 
the risk of coronary heart disease over the long 
then first-line administration of diuretic ther 
to a lesser extent, beta-blocking therapy 
to 30 million Americans with diastolic pre: 
90 to 100 mm Hg range must obviously bi 
sessed. Various alternative therapies, i 
withholding drugs for 6 months in patients 
astolic pressure of 90 to 100 mm Hg, using h: 
measures in patients not otherwise at high ri 
using other drugs such as the alpha,-adre 
inhibitor prazosin for initial therapy are discus 
and evaluated. 


ing drug as ideal initial therapy,!4 whereas oth 
suggest a beta-blocking agent for borderline and 
hypertension and the combination of a thiazide- 
diuretic and an adrenergic inhibitor, such as reserp 
and guanethidine, for most with established ess 
hypertension. 1" 

Currently, there are no large-scale, definitive dat: 
document a substantial advantage in either efficacy 
patient acceptance of any specific type of drug thera 
Two such trials are now underway, both compa 
diuretic with a beta-blocking drug, one involvin 
Swedish men,!* the other 18,000 English pat 
will likely be another 3 to 5 years before the Te 
these 2 trials are available. 

In the meantime, the rationale for the: use of 
as the first and the combination of a diuretic 
adrenergic inhibitor as the second step in therap 
reassessment. At least 2 other choices seem to be pl 
sible: the first is the alternative of using a beta-blo 
agent or another adrenergic inhibitor as the first 
the second is the substitution of another singl ; 
the first one used if an inadequate response i 
with the first, rather than the addition of the 
drug to the first, ee 








tepped-Care Regimens 





TABLE Ill 











ee Diuretic 
a "Adrenergic inhibiting agents (in alphabetical order): 
Clonidine: hydrochloride 
Methyldopa < 
Metoprolol tartrate 
Nadolol 
Prazosin hydrochloride 

; _ Propranolol hydrochloride 

Rauwolfia alkaloids 

Vasodilator 
Hydralazine hydrochloride 

Additional adrenergic inhibiting agent 
Guanethidine sulfate 


From the 1980 Report of the Joint National Committee on Detection, 
aluation, and Treatment of High Blood Pressure. Arch Intern Med 
80; 140: 1280- 1285, Copyright 1980 American Medical Associa- 
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Alternatives to a Diuretic First 


The widespread use of diuretics as the first drug to 
eat hypertension arose empirically: they were effec- 
ve, relatively well-accepted by patients, and capable 
sustaining their antihypertensive action indefinitely. 
her types of drugs (Table II) were tried as initial 
agents, but a tendency for fluid retention to blunt their 
fectiveness was recognized'® and documented!® 
‘able III). These increases in plasma volume were 
served after only short-term use of the 4 drugs and 
umably reflect a tendency by the kidneys of hy- 
rtensive patients to retain sodium and water when- 
er the blood pressure is decreased by nondiuretic 
nts (Fig. 1). This reactive fluid retention should not 
looked upon as a side effect of these agents but rather 
“natural” counteraction to decreasing the blood 
essure by kidneys that have their pressure-sodium 
xcretion relation reset at a higher level. With vasodi- 
ators, an additional mechanism is involved, the acti- 
tion of the renin-angiotensin system with secondary 
creases in aldosterone. Therefore, the use of a diuretic 


Antihypertensive Drugs Available in the United 
«States 





Sympathetic 
Blocking 
Drugs - Vasodilators, 


Hydralazine 
Minoxidil 


Converting 
‘Enzyme 
Inhibitors 


Captopril 





Reserpine... 
Guanethidine 


om idopa 

yidopa 
Clonidine 
Guanabenz 


Diazoxide 
Nitroprusside 


ae Propanolol Js 
k ‘Timolol — : 





















 Homodynarhic £ Effects of Antihypartensivo | 
_ Drugs (Given for 7 Days While Patients Were 
_Taking 110 mmol of Sodium | per Day) . 





















Drug. Arterial Pressure Plasma Volume 
(Approximate Dose) {mm Hg) (mi/kg) ag 
Methyldopa Before 148+7 38+ 2 
(840 mg} After 11847 4242 
Guanethidine Before 143946 3644 
(30mg) > -After 1945 44+3 
Reserpine Before 149+ 8 39 + 2 
(1.4.mg) After 12245 43 +2 
Clonidine Before 15649 424.3 
(0.5 mg) After 12749 48 +3 


From Satar et al." 


as initial therapy seemed logical: up to half the. patients. ee 
could be controlled on it alone, and if another drug were ue 
needed, the diuretic was usually required to obtain | 
maxima! effectiveness. 

At least 4 issues. concerning the routine use of di- 
uretics as the initial choice of therapy have ariseninthe 
past few years. Two are related to doubts about theef- `< 
ficacy and safety of diuretics, one concerns the nature 
of the hypertensive patients being treated, and the _ 
fourth involves the availability of newer antihyperten: i 
sive agents. ee 


Questions Concerning the Safety 
of Diuretic Agents 


Numerous side effects are known to follow the con- : 
tinuous use of diuretics in the therapy of hypertension. 
(Fig. 2). Some, such as postural hypotension, hypona 
tremia, and prerenal azotemia, are unusual or of little | 
apparent consequence. Others, such as hyperuricemia 
and hypercalcemia, are common but seldom harmful. ; 
However, others may increase the risk of cardiovascular 
complications, reducing or blunting the protection 
provided by decreasing the blood pressure. These in- 
clude hypokalemia, decreases in glucose tolerance, and 
increases in plasma cholesterol, a complication n 
shown in Figure 2 because its pathogenesis is not un- 
derstood. 

Hypokalemia appears in 10 to 30% of patients ı re 
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i RE 2. The mechanism by which chronic diuretic therapy may lead to various complications. (Reprinted, with permission, from. Kaplan. 


g long-term diuretic therapy (Table IV). The 158 
in this study were typical mildly hypertensive, 
class, middle-aged English men and women who 
m good diets and, therefore, likely representative 
e majority of hypertensive subjects given di- 


> primary hazard of diuretic-induced hypokalemia 
ndency to increase myocardial irritability, in- 
entricular ectopic activity.2! This change may 
inically apparent only when the myocardium 
aces acute ischemia, as after acute myocardial 
on (Table V). The high frequency of ventricular 
in hypokalemic patients is of concern be- 
artery disease is by far the most common 

h among hypertensive individuals. The 

known to be greater in those who are taking 


ike acute stress such as acute myocardial 
oO expose this hazard from hypokalemia. 
ress, plasma catecholamine levels increase 
trations that have been shown to reduce 
potassium levels by 0.5 to 0.6 mmol/liter’? by 
ng the movement of potassium into cells. 
techolamines facilitate delayed postde- 
so that arrhythmias may arise during 
th the direct effect of the catecholamines 
-intense hypokalemia in those already 
eptible by previous potassium losses. 


"Effects on Plasma Potassium of Diuretic Agents 
h 158 Hypertensive English Patients 


 olnitial 3 Months. 1 Year 2 Years 
ae «B74 3.69 8.69 
Be ADS ee AB: ne 





Thus, the usual diusetic-induced decom in plas 
potassium concentration of 0.6 mmol/liter?? m 
more hazardous than has been assumed. At least 


` potential risks should serve to justify those ste 


reduce diuretic wastage of potassium, namely, t 
of the smallest effective dose of a diuretic, a re 
dietary sodium intake, and the concomitant use of p 
tassium-sparing agents. : 

Glucose intolerance. may accompany y prolonge 
uretic therapy. In the first 3 years of the Medical 
search Council (MRC) trial, the incidence of impail 
glucose tolerance was significantly higher in bot ! 
and women taking bendroflumethiazide than in th 
taking either a placebo or propranolol, but no diff 
ences in the mean random blood glucose levels wi 
noted among the 3 groups.!? The atherogenic potent 
of relatively small changes in glucose tolerance i 
known, but it poses another concern about the 
term safety of diuretic therapy. 

In Figure 2, the decrease in glucose tolerance i is shor 
to be caused: by hypokalemia and there is some evidence 


TABLE V_ Ventricular Fibrilistion er ‘aes cu 
Myocardial infarction in Relation to Serum 
Potassium 


Initial 
Serum 


Potassium Patients (n) 














y a role because elevations in blood glucose have been 
c losely correlated with higher plasma insulin levels.” 
- Increases in plasma cholesterol of 10 to 20 mg% 
frequently occur with diuretic therapy and are also 
correlated with higher plasma-insulin levels.*° The 
therogenic potential of a 20 mg/100 ml increase in 
lasma cholesterol can be shown by use of the Fram- 
ham data of the risks for coronary heart disease to 
ympletely reverse the reduction in risk provided by the 
| to 15 mm Hg decrease in systolic blood pressure that 
ight be expected with chronic diuretic therapy. 


Questions Concerning the Efficacy 
of Diuretic Agents 


Al 3-of these biochemical aberrations may be re- 
sponsible for increasing the cardiovascular risk. Sepa- 
rately or collectively they may be involved in the lesser 
rotection from coronary artery disease that has been 
oted in most trials of therapy of hypertension, all of 
ich used a diuretic as the first step in treatment. In 
l of these trials, antihypertensive therapy has been 
more effective in preventing strokes, congestive heart 
failure, aortic dissection, and progression of renal 
amage than in preventing coronary artery disease. In 
e Oslo study!” more myocardial infarctions occurred 
the treated patients. In both the Veterans Adminis- 
tration’ and the Australian trials,° fewer fatal coronary 
ents occurred in those given drug therapy, but the 
umbers were so small as not to reach statistical sig- 
ificance, whereas more nonfatal myocardial infarctions 
ere noted in the treated patients, but did not reach 
tatistical significance. Among those with mild hyper- 
nsion in the Hypertension Detection and Follow-Up 
rogram. (HDFP) trial who were given more intensive 
1erapy; that is, the stepped-care patients, there were 
5% fewer deaths from myocardial infarction but 9% 
more deaths from “ischemic heart disease,” giving an 
overall 20% decrease in deaths from coronary disease. 
Interpretation of the HDFP data is clouded by nu- 
merous problems, including the more intensive overall 
edical care provided stepped-care patients.*° 

The results of data on mortality.from the massive 
Multiple Risk Factor Intervention Trial (MRFIT) cause 
her concern about the efficacy of treatment with the 
etic-first, stepped-care approach.!! Almost 90% of 
je hypertensive men in the special intervention group 
ere given antihypertensive drugs, 33% a diuretic drug 
, and 40% a diuretic plus an antiadrenergic drug 
ine, methyldopa, or propranolol). 27 Among the 
tensively treated patients, that is, the usual care 
fewer were given drug therapy and the mean de- 
n diastolic blood pressure was 3.1 mm Hg less 
that in the special intervention group. Among 
ose who started with a diastolic pressure between 90 
and 94 mm Hg, more coronary deaths occurred in the 
more intensively treated special intervention group, 
ereas those with a diastolic pressure >100 mm Hg 
ere protected by more intensive. therapy (Table VI). 
m gme d differential Was noted, in ake Australian 











r this causal connection 24 Insulin resistance may. alsó TABLE “v ` Multiple R Risk Factor intervention Triak Mortality 


-no matter how small, from the therapy used to decrease 
-the blood pressure must be weighed on a balance wi 
: correspondingly less counterweight, As an exam e 


ir Hypertensive Subjects Given Therapy we 








CHD Deaths Total Deaths 



























































a Number per 1,000 per 1,000" 
Initial coe 
Blood Pressure $i uc Si uc SI UG 

90-94 1,157 14,181 14.7 102 40.6 26.2 
95-99 830 846 229 225 518 46.1 
2 100 771 739 20.8 29.8 32.4 609 -> 
Normal 2,785 2,808 15.8 20.7 359 43.4 

ECG 
Abnormal 1,233 1,185 29.2 17.7 600 39.7 


ECG 


From Multiple Risk Factor Intervention Trial Research Group. '! 
CHD = coronary heart disease; ECG = electrocardiogram,; SI = 
special intervention; UC = usual care. 


Another disturbing set of figures from the MRFIT 
study is shown at the bottom of Table VI. Among all 
hypertensive subjects whose initial resting electrocar- 
diogram was abnormal, those given more intensive’. 
therapy had significantly more coronary deaths. As of ` 
now, analyses relating coronary events to specific drugs 
and to specific laboratory data are not available, but the 
possibility that hypertensive subjects who start with an 
abnormal! electrocardiogram would be even more sus- 
ceptible to mischief from diuretic-induced hypokalemia oa 
must be considered. o 

Taken together, these data suggest that diuretics 1 may 
provide less protection from the progression of coronary 
artery disease than their antihypertensive potency 
should offer. The antihypertensive potency of usual 
doses of a diuretic is comparable to that of moderate — 
doses of a beta-blocking agent‘ or other adrenergicin- __ 
hibitors.” Therefore, the biochemical aberrations that _ 
accompany the diuretic may detract from the protection __ 
they provide by reducing the blood pressure. Definitive 
evidence comparing the protection from coronary dis- 
ease provided by diuretics versus beta- blocking agents _ 
will hopefully be forthcoming from the 2 ongoing Eu- 
ropean trials.!617 











The Changing Hypertensive Population - 


The preceding litany of side effects and potenti 
dangers from diuretics should not detract from t 
proven antihypertensive potency and the overall 
tection from cardiovascular diseases they provide i in 
hypertensive subjects with diastolic pressure >100 m 
Hg. However, we in the United States and 
titioners everywhere are treating more and mo 
tients with less elevated pressure, including r many’ 
diastolic blood pressure is in the 90 to 100 mm H 
In the HDFP population, two thirds of all those wi 
diastolic pressure >90 mm Hg were in the 90 to 104: 
Hg range.® Such patients are at less risk from h 
tension, Therefore, they can be provided less protec m 
from a reduction in the blood pressure than can patients 
with higher pressures. As a result, any additional risk, | 






















of blood pressure high enough to im- 
ditional 50% risk, the use of therapy that re- 
ves ‘the excess risk while in itself adding a 10% risk 
easily be defended as beneficial. However, for those 

‘ith a lower level of blood pressure which in itself in- 
es risk by only 10%, the use of such a therapy can- 

ot be defended. 

The treatment of mild asymptomatic hypertension 
perly considered preventive medicine. The British 
miologist Geoffrey Rose?? emphasized the need 

caution in applying preventive measures to 

: groups of people: “If a preventive measure exposes 
ny people to a small risk, then the harm it does may 
dily—as in the case of clofibrate—outweigh the 

benefits, since these are received by relatively few. . 

_ We may thus be unable to identify that small level of 

- harm to individuals from long-term intervention that 

would be sufficient to make that line of prevention un- 

` profitable or even harmful. Consequently we cannot 
accept long-term mass preventive medication.” 

fwe accept the fact that there is some, albeit small, 

isk from the long-term use of diuretics, the adminis- 

tion of diuretic therapy to the 25 to 30 million 

icans with diastolic pressure in the 90 to 100 mm 

ange must obviously be reconsidered. As I°° and 

26,31 have suggested, the overall relative risk status 

individual patients can be determined, using the 

ingham data. Considering the potential risks and 

iscomforts of drug therapy, a reasonable course might 

e to withhold drugs from those with diastolic pressure 

n the 90 to 100 mm Hg range who are otherwise at rel- 

atively low risk for at least 6 months while they are en- 

couraged to follow nondrug therapy including weight 

reduction for the obese, moderate sodium restriction for 

nd_relaxation therapy for those who are willing. 

ccording to this view, only if the diastolic pressure 

; s >100. mm Hg is there a definite indication for 


. Availability of Other Drugs 


el urth i issue relates to the preceding 3: if diuretics 
various problems, are other drugs available that 
problems and that therefore are alternative 


o the initial drug therapy of hypertension? One: 


ed to before should be reiterated: there is 
distinguish the various available drugs listed in 
la to ae are efficacy in the majority 


nt the differences among them. In the ongo- 
trial, the percentage of patients who withdrew 
tment “owing to suspected adverse reactions” 
the first 5 years totaled about 5% of those on 
and about 15% of those on either bendroflu- 
e or propranolol. 
it aden data on which to base ; a decision, a re- 


moat “gical alternative, advocated moat pe 
by Laragh .!3 One major drawback of the use of non 
uretic antihypertensive drugs, their tende LO ca 
retention of sodium and water, which counteracts tt 
effectiveness (Fig. 1), is less common with beta-bl 
drugs. This decreased tendency to cause fluid rete 
is likely related to the greater inhibition of the ren 
angiotensin-aldosterone system by beta-bl 
drugs.3? Patients whose renin system is “natur 
suppressed obtain a lesser antihypertensive e 
beta-blocking drugs. 13 A paradoxical increase in 
pressure was seen in 11% of 187 patients given 
pranolol alone, and these patients had the low st le 
of plasma renin activity.°* However, in the maj 
hypertensive subjects, less reactive fluid retentio: 
likely to occur with administration of beta-bl 
drugs than with other adrenergic inhibitors or 
lators. 

When the various side effects of beta-blockin 
have been tallied, about 25% of hypertensive s 
should not receive them or will stop taking them 
monotherapy, they likely work less well in the e 
and in blacks,*4 groups that generally start with lowe 
renin levels, and groups in which the incidence ofh; 
pertension is relatively high. 


comment. One, the increase in plasta pa di 
the decrease in plasma HDL-cholesterol, al 


‘marked with the more cardioselective ag 


present as. much of a long-range stimulu 
genesis as thei increase in total cholesterol 


increase in peripheral rosistana & related 
of vasodilatory peripheral vascular beta- -rec 


theoretic ma Increased roher res 

the underlying hemodynamic fault of hypert 
Drugs that lower peripheral resistance as they lower 
blood pressure, such as diuretic agents, prazosin, : 
vasodilators, have an advantage over beta-blo 
drugs because they relieve the underlying fault, ' 
beta-blocking drugs increase the resistance 
Careful, controlled, pone: term compare 


One very important, but still a aavan i 
beta-blocking drugs is their potential to prevent 
nary events. Such prevention was amply. shown i 
ondary ‘trials involving patients who surv ed | 
myocardial infarction,’ However, primary pr 
in patients with hypertension, who obvious! 
different from survivors of recent myocardial 
has not been shown. Hopefully, the 2 trials 
blocking drugs!®!’ will provide such evidence. — 

P the first of the es | efecti -antihy 


most clinic 








Advantages 





Lack of sedation, 
dry mouth 
One aday 
Relief-from anxiety-related symptoms 
Less. volume retention : 
Possible protection 
from. coronary heart disease 


Once a day 


Prazosin Lack of.sedation, dry. mouth 
Decrease in peripheral resistance 
No alterations in plasma lipids 

No reduction in cardiac output 
Low incidence of impotence 


Kidney perfusion is maintained 


Disadvantages `: 


Serious. side effects... 
Pronchospasm s 
Prolongation. of injulineinduced hypoglycemia 

Other side effects... 

Peripheral vasoconstriction’ : 
Reduced exercise tolerance 
Fatigue, depression 
Increased es cerides 
Decreased HDL-cholesterol 

Increase in peripheral resistance 

Less effect in elderly and blacks 


Serious side effects 
Depression. 
Other side effects 
Sedation 
Nasal stuffiness 
Serious side effects 
Hepatotoxicity 
Other “autoimmune” reactions 
Other side effects 
Sedation, mental 
slowness 
impotence 
Serious side effects 
More frequent rebound if abruptly stopped 
Other side effects 
Sedation 
Dry mouth 
First-dose hypotension (occurs rarely and is associated 
with patients who have been taking a diuretic drug) 
Lassitude, headache, drowsiness 








fective than methyldopa or propranolol inthe MRFIT 
tudy.*’ Regardless, it seems unable to compete with the 
i wer drugs. 
Methyldopa was by far the most widely used anti- 
ypertensive drug after diuretics, before the advent of 
beta-blocking drugs. Many practitioners continue to 
efer it to all others, but much of that preference likely 
lects the tenacity of preacribing habits. For those who 


| term safety of the drug remains reassuring despite 
he occasional development of serious “autoimmune” 


lonidine does everything that methyldopa does 

without the autoimmune reactions. Because of its 
_ shorter duration of action, its abrupt discontinuation 
ma y more So be followed bya rebound of the 


f king agent, prazosin acts asa oe es 
the vascular smooth muscle. Because. the 


farther release of norepinephrine i is inhibited: 


her tachycardia nor renin release occurs as with 


of direct-acting vasodilators. Furthermore, 
es not act on the heart, so cardiac: output js os 


renal blood flow were maintained in patients on pi 
zosin. 18:19 

Beyond the favorable hemodynamic. effect, that is, 
a decrease in peripheral resistance, prazosin does / 
induce the other side effects related to beta-blockade 
particularly alterations in plasma lipids.39 However, 
administration of the first doses of prazosin may caus 
postural hypotension, Because this complication occur: 
mainly when the drug is given to patients who are vol 
ume-depleted from previous diuretic therapy, 
should be less common if the drug is used as i 
treatment in hypertension. 

Guanabenz, recently approved for use in the Unite 
States, was. introduced: as a centrally acting alpha- “ag 
nist similar to clonidine, with evidence that it causes. 
fluid retention, so that x could bea an appr 
to be used without a diu 


of the drug may limit 


Other drugs not now 
may serve as safe and € 
if they are released, Thes 


court ANES 42 


Substitution Therapy — 








y when the first is inadequate or intolerable. The 
tional” stepped-care concept is based on the se- 
ial addition of drugs until the goal of therapy is 





One rationale for substitution therapy is that some 
tients respond better to 1 class than to another. De- 
jite the earlier generalization that all drugs have 
rable antihypertensive potency, some patients 
ond differently to different drugs. As noted, the 
and blacks seem to respond less well to beta- 
‘agents. The reverse may also be true: young, 
patients may respond better to beta-blocking 
gs than to diuretics.54 Without having ways to 
predetermine the likelihood of a good response, the 
clinician may logically try a different type of drug when 
the first is inadequate. 
Part of this difference in response may be caused by 
differences in adherence to therapy with different drugs. 
patient develops such intolerable side effects as to 
1ire the discontinuance of the drug, the problem is 
ally obvious and a second agent can routinely be 
ituted. However, patients may not volunteer or 
mit problems with their drugs; rather, they may just 
take them. For whatever reason, when a patient does 
not have the desired effect from the initial drug, a logical 
t step might be to stop the drug and try one from 
iother category. Thereby, the patient may be more 
cessfully treated with fewer medications. 
Jonclusion: Despite widespread acceptance of the 
atic-first, stepped-care approach, extensive 
dening of antihypertensive therapy to many mil- 
4s more who are at relatively low overall risk from 
yertension should bring about a reassessment 
nt practice. The use of other alternatives to a 
initial therapy and the substitution of an- 
single agent rather than the sequential addition 
gs should be given careful consideration in order 
de the most benefit at the least risk. 
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iuretics and adrenergic blocking agents have been 
d extensively in the treatment of hypertension. 
Recent studies have indicated that the thiazides and 
hlorthalidone have an adverse effect on lipid me- 
ibolism, by increasing plasma triglycerides, total 
holesterol, and low density lipoprotein cholesterol 
nildly hypertensive patients. These same agents 
roduced little change in high density lipoprotein 
holesterol: On the other hand, the loop diuretic 
rosemide adversely affected the cholesterol ratio 
by lowering high density lipoproteins (HDL) instead 




































mong major risk factors for coronary heart disease 
CHD); hypertension. is perhaps the most readily 
treatable, either by hygienic measures or, when these 
are not enough, by drug therapy. Although not the 
soundest therapeutic practice, the use of diuretic agents 
has eliminated the need for sodium restriction in many 
ild, asymptomatic patients who were not willing to 
nit their dietary salt intake. On the other hand, ces- 
ition of smoking and lowering of high blood lipids, the 
ther 2 major CHD risk factors, usually demand greater 
crifices in life-style. Nevertheless, Americans as a 
whole have achieved considerable changes in this re- 
gard, as shown by their lowered consumption of ciga- 
rettes,.eggs, butter, cream, and other items potentially 
etrimental to their health. 

In the past decade or two, antihypertensive agents 
ave been increasingly used as first-line drugs in con- 
olling moderate to severe hypertension. Lately, the use 
hese agents has been recommended also for the 
tment. of the mildest forms of hypertension, with a 
to avoiding the complications that may develop 
r on in the course of the disease. Yet a number of 
intervention trials have failed to show any sub- 
al benefit of blood pressure-lowering on CHD 
rtality. In fact, according to the recent Multiple Risk 
tor Intervention Trial (MRFIT), CHD mortality did 
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: Hih density lipoprotein phe and very low densit 


of increasing very low density lipoproteins (VLDL) =- 
or low density lipoproteins (LDL). The centrally: 
acting drug methyldopa has also been reported to 
lower HDL, while another centrally acting drug; re- 
serpine, appears to be lipid-neutral. Practically all 
the beta blocking agents increase triglycerides or 
decrease HDL, thus yielding an adverse cholesterol = 
ratio. The alpha,-adrenergic blocking agent prazosin ` 
has been shown in several studies to have no ad- > 
verse effect on the lipid profile. 5i 











not decrease after stepped-care treatment of hyper- 
tension, counseling for cigarette smoking and dietary __ 
advice for lowering blood cholesterol levels as comparëd 
with a similar population who received only their usual 
sources of health care in the community. This isin — 
marked contrast to the significant improvements in _ 
stroke, heart failure, and renal failure that have been. —__ 
reported as a result of controlling high blood: pres- 2 
sure. 

The lack of impact of blood pressure- -lowering on 
CHD mortality has raised the question of whether the 
antihypertensive agents commonly used may be off- 
setting the potential benefits of such a reduction. The- 
effects of these agents on hemodynamics and metabo 
lism have been cited as probable causes. Some antil 
pertensive agents may impair perfusion and functi 
of certain organs by reducing cardiac output; others. 
creating hyperdynamie states which may be detrimen 
to the patient; and still others by increasing peri 
resistance instead of lowering it. Furthermo 
agents are known to cause potentially hazar 
tassium depletion, i increase serum levels of lip 
cose, and uric acid, or increase plasma renin a 
Taken singly, some of these effects may not pos 
nificant risk, but together they add up to what 
a serious threat to the hypertensive patient. 


A Brief Look at Lipid Metabolism 


Dietary lipids are absorbed through the sm 
tine and reach the blood mainly in the form of 
microns, Other lipid fractions are synthesized 
liver and gut from primitive metabolites such as ace 




























BLEI Correlation of HDL, L LDL, and Blood Bressiife 
Y With Risk of CHD in 4 Years 








Years 
ne 1 2 3 4 
Mortality risk ratio 0.5 1.0 2.0 3.0 
LDL/HDL ratio” ee AO 3.6 6.3 8.0 
cholesterol/HDL (3.4 5.0 96 23.4 











a total ‘cholesterol/HDL ratio are 
either is detrimental while a de- 








ould be fa! investigators have used the reverse 
ie L/LOL and ‘otal cholesterol) so that an increased ratio 
ould b favorable anda 


decreased ratio detrimental. 






poproteins (VLDL) are both synthesized in the liver. 
DL and triglycerides result from the splitting of VLDL 
n enzyme. LDL is the lipoprotein which carries most 
serum cholesterol. Borne by the bloodstream, the 
:olesterol-rich LDL fraction from the liver apparently 
ters the. coronary artery wall and deposits its choles- 
rol load in the intima, where it may initiate or per- 
uate the process of atherosclerotic plaque formation. 
> HDL fraction, also carried by the blood stream, 
thes the arterial wall, where it seems to play a pro- 
e role against the formation or progression of 
herosclerosis by removing the cholesterol deposited 
LDL and returning it to the liver for further me- 
lism and excretion through the hepatobiliary 
















vy, after many years of gathering data about lipid 
es from major clinical centers throughout the 
States, reported a definite correlation between 
] serum LDL cholesterol concentrations and 
alence of CHD, whether manifested as angina 
myocardial infarction, or simply as angio- 
idence of coronary vessel disease. Miller et al? 
the first. to note an inverse correlation be- 
L cholesterol and CHD prevalence. Data 
ated from the Framingham study? showed that the 
| ratio (total cholesterol to HDL cholesterol) 
r among men and women with clinical evi- 
HD than among those at standard risk. Total 
terol is made up of VLDL, LDL, and HDL. In- 
n both the ratio of total cholesterol to HDL and 
of LDL to HDL were found to be associated 
creased risk of mortality (Table I). 































tects of Hydrochlorothiazide, Chlorthalidone, and Chiorthalidone Plus Diet on the Lipid Profile of 60 Men w 
Who Class 1 Hypertension T Treated for or 6 Weeks (Changes in Serum Lipids Are in mg/dl) 







Effect of Antihypertensive Drugs on Lipids 


Several studies have examined the effects of diure 
and adrenergic inhibitors commonly used in the tr 
ment of hypertension on the cholesterol ratio and ont 
various lipoproteins. 

Diuretic agents: Grimm et al‘ recently showed 
hydrochlorothiazide and chlorthalidone increase 
trighveprides, ea tota tkis eert ean in mild} 


















(T 

creased LDL cholesterol also. ‘These parti 
produced very little change in HDL cholesterol lev 
However, various types of diuretics appear to di 
significantly in this respect. In a study comparin 
lipid effects of chlorthalidone, hydrochlorothiazid 
furosemide, Ames and Hill’ showed that furosemid 
no significant effect on the lipid profile by lower 
HDL rather than by increasing LDL or VLDL (Te 
IIL). The ratio of total cholesterol to HDL cholest 
was significantly elevated in the furosemide group, i 
this effect occurred at comparatively lower antihy) 
tensive doses of this drug than of the other 2 agen 

Adrenergic inhibitors: The second major g 
drugs used in the treatment of hypertension ar 
adrenergic inhibiting or blocking agents. This 
drugs is made up of agents that. act eee 
dopa and clonidine—and agents that act 
ally—guanethidine, reserpine, alpha blockers, ane 
blockers. Beta-blocking agents, it should be noted. 
may have some central action that -has not been le 
defined. : 

Reserpine and methyldopa: Inthe siudy cited 
Ames.and Hill also compared the lipid effects of 
serpine and methyldopa and showed variable ch 
(Table IV). The ratio of total cholesterol to HDL 
lesterol was increased by both agents,” but the ine 
reached statistical significance only in the group t 
with methyldopa. While HDL cholesterol levels w: 
decreased by both drugs, only methyldopa produ 











































* It should be noted that under the definition of the cholester 
used here, an increase. in the ratio would be detrimental and a decr: 
beneficial. Other investigators use a different definition of the che 
terol ratio (HDL/LDL + VLDL), and in such a casë an ‘resi 
would bẹ beneficial and a decreased ratio detrimental. 
















Placebo 


Hydrochloro- Chior- 
thiazide 


























BLE mo Effects of Three Classes of Diuretics on Lipia 
Metabolism After 12 Months of Treatment | 
<" (Changes in Serum Lipids Are in mg/dl) 











Chlor- Hydrochloro- Furo- 
/ thalidone thiazide semide 
iglycerides +36" +39 +22 
Cholesterol +15* +12" +1 
HDL cholesterol +1 —1 —10 
tal cholesterol/HDL +0.1 +0.2 +0.6" 
cholesterol 
stolic blood —13" -7 —1 


ssure {mm Hg) 
‘om Ames and Hill. 
p'<0.05. 


atistically significant change. However, the lipid ef- 
ects of these 2 agents await further confirmation be- 

use this was a very small study. 
Alpha and beta blocking agents: There are many 
fferences among the beta-blocking agents. Not only 
are they variously selective with respect to their beta- 
ceptor activity—some affect the heart more specifi- 
ly, while others have a general effect on receptors over 
the whole body—but they may also possess intrinsic 
ympathomimetic activity (alprenolol, oxprenolol, and 
indolol), or lack this property (propranolol, nadolol, 
metoprolol, and timolol). Such differences may account 
for the divergent findings reported by various investi- 
tors concerning the lipid effects of these agents. 
The one consistent finding is that all beta-blocking 
agents appear to produce remarkable increases in tri- 
lyceride levels—-with the exception of nadolol, which 
uses a dramatic decrease—and a decrease in HDL 
cholesterol with the exception of pindolol (Table V). 
However, triglycerides are believed to have a much less 
significant correlation with atherogenesis than the other 
ids and lipoproteins. Few data are available about the 
fects of beta-blocking agents on HDL, LDL, and 
LDL cholesterol values. Studies that have examined 
ese lipid fractions report quite variable results, and 
ese may be explainable on the basis of differences in 
e population studies, lipid assays used, and the type, 
sage, and duration of drugs given: All beta blockers 
a pear to lower HDL cholesterol, except possibly pin- 








































Using a three-way crossover design, the Oslo Study® 
mpared the commonly used beta-blocking agent, 
‘opranolol, with the only available selective alpha,- 
ocking agent, prazosin, in the same group of patients 
etermine the effects of these drugs on serum lipids 
n blood pressure when administered singly or in 
bination, The effects on blood pressure were com- 
le when. the drugs were used as monotherapy, but 

essures were achieved under combined therapy, 
d this may be attributable to the additive effects of 
the different blocking mechanisms of these 2 agents. 
Prazosin had no adverse effect on blood lipids. On the 
other hand, propranolol alone resulted in a reduction 
in HDL, an increase in triglycerides, and a reduction i in 
the ratio of HDL to LDL + VLDL. ; 





azosin does not badvetsely affect the lipig prome | 





‘The results of this study. appear to indicate that aS 


i , mpatho ytics on tow 
~ After 1 Months of Treatment (Changes in in 

















Serum Lipids Are in 1 mg/dl) oo 
Reserpine Methyldopa ae 
Triglycerides © 0 —9 +1 
Cholesterol ERN +i -5 
HDL cholesterol 4 ~7* 
Total cholesterol/HDL +0.8 +0.9* 
cholesterol 

Diastolic blood 12" —9* 


pressure (mm Hg) 


From Ames and Hill. 
* p <0.05 


Clinical Implications 
For many years diuretic agents have constituted the- 
standard initial drug therapy for hypertension. Nu- | 
merous short- and long-acting diuretic agents became 
available to the physician, and very few were associated. 
with obvious clinical. problems, except for hypokalemia, 
hyperglycemia, and hyperuricemia, all of which were: 
considered either inconsequential or readily correctable... 
Because of the effectiveness of diuretics and the ease of | 
treatment with these agents, many clinicians today still -< 
use them as first-step therapy for hypertensive patients. .. 
However, in view of recent findings with regard to. _ 
metabolic effects, including newer hazards caused by 
hypokalemia, and the adverse effects of thesedrugson —__ 
the cholesterol ratio, we must ask ourselves whether the 
same results could not be obtained from other drug: 
without incurring the risks posed by the diuretics.” 
As for the-adrenergic inhibitors, the lipid effects of | 
propranolol and some of the other beta-blocking agents _ 
also seem to be pointing in the same adverse direction. 
Beta- blocking agents, in addition, are contraindicated __ 
for various reasons in a sizable percentage (20 to 25%) 
of the hypertensive population. Furthermore, theymay __ 
adversely affect renal function (especially propranolol), : 
and all beta blockers reduce cardiac output and ma’ 
increase peripheral resistance. Beta-blocking agent: 
have a number of less serious but bothersome effects, 
such as fatigue, depression, and hallucinations, which o 
may impinge on the quality of life. a 
As for some of the other adrenergic blockers, 
centrally acting agents (methyldopa, clonidine) not 
affect lipid metabolism, but.also have other side | 
such as dry mouth, depression, and impoten e, 
make them less than ideal from the standp 
tient compliance. 
Side effects of prazosin are mild and tra 
major one is postural hypotension (dizziness, 
and so on), which is most pronounced after in 
ministration and then declines markedly durin; 
term therapy. Rarely is discontinuation of the | 
necessary. 
Hydralazine and minoxidil also have serious sid 
fects, mainly the production ofa hy perdynam 
lation.and tachycardia i in patients with a nor: 
receptor oo and the triggering of angin 
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VLDL-C Baia i HDL-C 
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+1.5 


al aeaa TG = triglycerides; LDL-C = 
HDL-C = = high density lipoprotein cholesterol. 


agent, phigh to some extent redresses their adverse ef- 
. But while the addition of a beta-blocking agent 
duces the elevated heart rate, it does not entirely 
ect the hyperdynamic condition, since neither the 
blocker nor hydralazine nor minoxidil affects the 
ous side of the circulation. Therefore, vasocon- 
tion prevails in the capacitance vessels, venous re- 
remains high, and the high cardiac output is only 
educed, if at all. 


Discussion. 


iven the: many. new antihypertensive agents intro- 
in recent years, the 1980s seem to be the decade 
ich it is not only possible but appropriate to move 
from a standardized approach toward a more in- 
lized therapy to meet specific treatment objec- 
Certainly, in young patients with hypertension 
may be facing a lifelong prospect of drug therapy, 
deration of the lipid profile and other side effects 
tional agents becomes quite important. If the 
an continues to be inclined to give diuretics, to- 
nce strongly suggests that he should monitor 
_ If the lipid profile does not change after a 
of therapy, it is probably safe to continue 

at least from the standpoint of lipids. 
he other hand, if the patient’s cholesterol ratio 
il to begin with, another type of antihyper- 
agent that does not adversely affect lipids should 
be tried. Other considerations regarding the 
iuretics, including hypokalemia, hyperglycemia, 
eruricemia; should be kept in mind in specific 





pon 


low density lipoprotein cholesterol; VLDL-C = very low density lipoprotein cholest 


patients, and this may require frequent monitorin 
serum potassium, glucose, and uric acid levels. 
Conelusion: In looking for other possible 
therapies, prazosin appears to offer a very attr 
alternative. Prazosin effectively lowers blood pre: 
by reducing total peripheral resistance; it does not sı 
nificantly affect heart rate or cardiac output; it | 
adverse effect on lipids, glucose, uric acid, or reni 
does not adversely affect renal function; and it ra 
produces sexual disturbances. Its main adverse ree 
tion—postural hypotension, which may on rare o 
sions lead to syncope—can frequently be avoid 
careful administration of the first dose, as has 
pointed out by other participants. Other side effec 
generally mild and transient, and the nena is usu: 
accepted by the patients. 
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he results of 8 major hypertension treatment trials, 
ll using diuretics as first-line therapy, show a 
lear-cut reduction in stroke and congestive heart 
ailure, but coronary heart disease (CHD) is not 
onsistently benefited. It is unclear why CHD is not 
ontrolled, but diuretics can subtly upset metabolic 
isk factors for CHD, among which are lipid and 
lucose concentrations. Although these metabolic 
disturbances appear clinically unimpressive, risk 
table analysis reveals that they can offset or even 
everse the benefits of reducing blood pressure. A 


he many hypertension treatment trials performed 
orldwide have conclusively demonstrated that control 
of hypertension. reduces the incidence of stroke and 
congestive heart failure.'!-° One might also expect a re- 
uction in coronary heart disease (CHD) becatise hy- 
ertension is one of the major risk factors for CHD, 
ccording to epidemiologic studies.®7 However, this 
ectation of improvement has not been borne out.58 
ecause CHD is responsible for the largest number of 
eaths among patients with cardiovascular disease, its 
ck of response in hypertension to conventional ther- 
y based mainly on diuretic drugs constitutes a major 
roblem in cardiovascular care. To date, efforts to solve 
is problem have been largely unsuccessful. However, 
otentially useful alternative approaches should be 
nsidered, particularly as a result. of the data recently 
lished from the Multiple Risk Factor Intervention 
al (MRFIT).8 

'TT presents perhaps the strongest case against 
roposition that drug treatment of hyperten- 
at least i in its mildest sprme-- protects against 
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_ pertension was treated when diastolic blood pressure 
< was >89 mm Hg on 3 consecutive clinic visit 
ment started with an oe at Bae redu 
d, fol ak 


link between glucose intolerance and increased 
serum lipid concentrations during diuretic-based  __ 
therapy is suggested by multiple correlations be- 
tween them. Replacement of diuretics as first-line. _ 
therapy for mild and moderate hypertension should 
therefore be considered. Spironolactone seems to = 
counter the adverse metabolic effects, but its effect 

on lipoproteins needs more study. A drug that does 
not disturb glucose and lipid metabolism would seem __ : 
preferable. Thus prazosin is a promising: candi- oe 
date. oe 





CHD. Moreover, some of the results of this trial lead to 

the hypothesis to be put forth here: The breakdownin | 7 
the link between treatment of hypertension and im- 
provement in CHD may be due to metabolic distur- 
bances induced by conventional diuretic therapy. Di- 
uretic drugs, although highly effective in reducing blood 
pressure, have a detrimental effect on other risk factors. 
for CHD, thereby offsetting the positive influence: of 
hypertension control. 

Commissioned by the National Heart, Lung, a an 
Blood Institute (NHLBI) specifically to ascertain: 
whether reduction in severity of risk factors would resu 
in a lowering of coronary death rates, this massive 
MRFIT study was performed over a 7-year period y 

250 investigators in 22 institutions and involved nea 
13,000 high-risk men aged 35 to 57 years wh 

clinical evidence of CHD at entry.’ The 
prising results that were obtained may hav 
in part to the fact that the study design did. 
a placebo control group. Instead, subjects wer 
into special intervention (SI) and usual c 
groups for test and control, respectively. 

_ The SI group received intensive sessions in 1 smoki 
cessation, cholesterol-lowering by dietary changes an 
weight control, and treatment of hypertension. 












































E T Hypertension T Trials and CHD Mortality 


Cases Duration 


(n) (yr) CHD Mortality 





, T-2 
UC-79, SI-80 


MRFIT study included a total of 12,866 and the average fol- 

lasted 7 years. The results shown here represent the 8,011 

icipants who had hypertension. The 4,855 men who did not have 

ypertension are not considered in this report because the focus of this 

menor is on hypertension, 

= Hypertension Detection and Follow-Up Program; MRFIT = 

Multiple Risk Factor intervention Trial; P = placebo group; PHS = Public 

Health Service; RC = referred care group; SC = stepped care group; 

S pecial intervention; T = treatment group; U = untreated group; 
usual care group; VA = Veterans Administration. 


»f treatment was to lower diastolic pressure by 10 
‘Hg or below 85 mm Hg, whichever was lower. Di- 
tic dosage was increased to 100 mg/day, if tolerated, 
yre a second drug was added. Reserpine and meth- 
pa were the preferred second step drugs. Later in 
rial, propranolol became available, but it was used 
ewer than half of the hypertensive patients. 
en were referred with the MRFIT risk factor 
t to their personal physicians for advice. The UC 
were examined annually by the MRFIT staff, and 
ue a the findings was always sent to the personal 


"i iatively high mortality was predicted in the UC 
) because of the high CHD risk status and a belief 
ecade ago that community physicians were slighting 
tors. This situation would allow the UC group 
as a control group without denying them stan- 

e. However, this expectation proved wrong. 

, there was a startling equivalence in the number 
from CHD for both groups: 124 in the UC 

d 115 in the SI group. Among the 8,000 patients 
ypertension (4,000 in each group), which is the 
ur interest in this discussion, there was also an 
nce of CHD deaths: 79 in the UC group and 80 
group. The overall mortality was substantially 

han anticipated in the UC group, thus dimin- 

g the statistical power of the comparison. 

twithstanding flaws in the design, 2 valuable pieces 
rmation can be gleaned from this study. First, 
rable treatment for hypertension was adminis- 

th groups, although the SI group did receive 

t more. Smoking and cholesterol levels were 

for both groups, again a little more in the SI 

us, risk factors were improved in both groups, 

| overall death rates from CHD were reduced in both 
ps compared with predictions based on Framing- 
ts. This finding supports the concept that risk 

e important in the causation of CHD and that 

f these ctors does indeed reduce the incidence 


ond important ‘point to be brought out in this. 


at the 2 groups showed equivalent mortality 


rates, even though vigorous iene treatment drop 
blood pressure lower in the (stepped care) SC g 
This result suggests that intensifying treatment 
pertension with the traditional mode of diuretic thera) 
produces no extra protection against CHD. 

In view of the foregoing observations and the kno 
metabolic side effects of diuretic drugs, the que 
arose whether it is the diuretic therapy itself that 
be causing detrimental changes in other risk fa 
CHD aside from hypertension. 


Comparison of Results From Various ; 


Table I compares the results of MRFIT with 
from other studies utilizing diuretic drugs:as fir 
treatment. 

There is only 1 study that reports findings | in 
opposition to those obtained in MRFIT. This stud: 
Hypertension Detection and Follow-Up | 
(HDFP), was also sponsored by the NHLBI.!01! 
communities scattered throughout the United S 
10,940 subjects with high blood pressure were rando 
assigned to either SC or referred care (RC [contr 
groups. At the end of the 5-year period, control of 
pressure was consistently better for the SC than fi 
RC group. Furthermore, mortality from all cav 
17% lower in the SC group relative to the RC group 
versus 7.7%, p <0.01). Overall, there were 69 deaths | 
myocardial infarction in the RC group and 51 i 
group. On the face of it, these findings sugg: 
management of hypertension is important for r 
mortality in the population with high blood pre 
However, there was no placebo control group 
trial, and placebo control is generally the most re 
paradigm for a study of this nature. The doub 
placebo control study design is important becau 

obligates the investigators to treat all patients simil: 
thereby equalizing all aspects of medical care othe 
the drug regimen. Referring control patients to 
physicians causes unequal medical surveillance betw: 
control and experimental groups. Because the ex 
mental group received free, enthusiastic, and clos 
pervision, illness may have been detected early 
converted from a fatal to a nonfatal outcome (forma 
published results to date report only mortality d: 
Thus, it is not clear, because of the several diffe: 
in management between control and experime 
groups, that the small difference in blood pres 
control between groups accounts for the lower corona 
mortality. This point must be emphasized because 
of the placebo controlled clinical trials using di 
as first-line therapy reported improvement in CH 
treatment. !:2412 

A second cautionary note about HDFP aisle 
mortality from a category termed “other ischemic | 
disease” was equal in the step-care and referred ci 
groups, that is, 80 and 79 cases, respectively. Therefo: 
the total number of deaths from myocardial infarcti 
plus other ischemic heart disease would be 131 and | 
for the step care and referred care groups, respecti 
This represents a difference in CHD mortality b 
groups of 11.6%. Thus, even in HDFP the impro 
in CHD mortally may not bei as ke as pap 











ABLEN Etec of Chlorthalidone on i Sorum m Lipids : 













































(a= m 
: me Control’ Treatment p 
tal cholesterol (mg/dl) 217 237 0.01 
‘iglycerides (mg/dl) 96 114 0.01 
HOL cholesterol (mg/dl) 53 50 NS 
tal cholesterol/ 4.3 4.7 0.05 
‘HDL cholesterol ratio 
6999 (mg/day) ses 80 
tio n (mo) or 4 


NS = not significant. 


There is 1 other study with results that might be 
construed as somewhat supportive of the HDFP find- 
ings: the Australian national trial, reported on in 1980.4 
This was a controlled therapeutic treatment trial in- 
volving 3,427 men and women with mild hypertension 
ho: were followed up for an average of 4 years. The 
number of deaths from CHD was small in this study but 
mounted to 8 in the control group and 2 in the treat- 
ment group. This difference fell just short of the usual 
p <0.05 level of significance. 

The mortality data in the Australian study are in 
zarmony with the HDFP findings, but the total number 
of CHD events, i.e., both fatal and nonfatal coronary 
disease, was not significantly different between groups. 
There were 109 coronary events in the placebo group 
and 98 in the treatment group. As suggested previous- 
13 a possible explanation for this discrepancy is that 
ronary disease was not actually prevented by treat- 
ment, but rather that. potentially fatal events were 
rendered nonfatal by the pharmacologic lowering of 
cardiac afterload. Thus, the more favorable hemody- 
namic status of the treatment group may explain the 
reduced number of deaths, while CHD was not reduced 
erall. 

In opposition to the findings of the HDFP and the 
istralian national trial are the results obtained in the 
78 Morgan study, which was also derived from the 
istralian population.'4 This was a small study in- 
living. 192 elderly men with mild hypertension ob- 
rved over a variable period of 1 to 5 years. In the un- 
sated and the sodium-restricted groups combined, 1 
ath occurred from myocardial infarction whereas in 
e group given a thiazide diuretic as initial therapy 9 
aths were observed. CHD deaths were significantly 
ther in. the thiazide group. 

large disparity exists between the results re- 
in the HDFP and Australian national studies, 
108e obtained in the Morgan study. Four other 
trials that utilized diuretic drugs as first-line 
apy reported outcomes somewhere between these 


‘he most interesting af. these trials was the Oslo 
udy.° In this study, designed to evaluate the effect of 
erapy on cardiovascular complications, 785 patients 
iment (406) and nontreatment (379) groups and. 





ochlorothiazide as initial drug and methyldopa or 





vere followed up for 5 years. Treatment consisted of aS 
 pettension? 


ontenan as second er therapy. Although n no oa actually s : 


“TABLE M m “Changes in Serum Lipid Concentrations 


(+ Standard Error of the Mean) After Cessation ce 
of Diuretic-Based Antihypertensive Therapy ees 





After Cessation’ < 





During 
Serum Lipids Therapy of Therapy. 
Total cholesterol (mg/dl) 235 £ 8 217 + 6* 
Triglycerides (mg/dl) 127411 100 + 8* 
HDL cholesterol (mg/dl) 48+2 4942 . 
‘Total cholesterol/HDL 5.10.3 4.5 +0.2* 


cholesterol ratio 
* p <0.01. 


ference between groups was seen in total mortality or 
cardiovascular mortality, the number of CHD deaths 
was higher in the treatment group (Table I). In ana- 
lyzing total cardiovascular events, i.e., fatal and nonfatal _ 
endpoints, the expected reduction in cerebrovascular, 
episodes was offset by an increase in CHD events (13 in. 
control, 20 in treated patients). While not statistically: 
significant, this difference certainly constitutes anuh- 
favorable trend, and.one that was not anticipated at the “fl 
outset of the study. 

As did MRFIT and the Australian national trial, the 
3 remaining major hypertension studies that should be 
mentioned showed essentially no difference inthe in- __ 
cidence of CHD between their treatment and control © 
groups. The first of these was the Veterans Adminis- 
tration trial, directed by Freis, which was publishedin  _ 
1967.1 In comparison with later studies, this was asmall _ 
trial involving only 143 patients with severe hyperten- 
sion. Over a period of 18 months, 1 sudden death and2? 
nonfatal heart attacks were reported in the placebo- 
treated group and none in the treatment group, astas 
tistically insignificant result. Sone 

This study was followed by a second Veterans åd- 

ministration trial in 1970, in which 380 patients with 
mild or moderate hypertension were observed for an. 
average of 3 years.” On analysis, 3 fatal myocardial in- 
farctions and 8 sudden deaths occurred in the placebo 
group; in the drug-treated group 2 fatal myocardial in- 
farctions and 4 sudden deaths were observed. The di 
ference between groups again was insignificant. 

The third study, performed in 1977 by Smith 
the Public Health Service (PHS) Group,!” inc di 
approximately 400 patients with mild hyperte 
who were followed up for a relatively long period 
The average follow-up was 7 years, with som 
being observed for 9 years. Despite this long 
only 2 CHD deaths were reported in the place 
and 2 in the drug-treated group. Examinat: 
total number of myocardial infarctions, both 
nonfatal, revealed 6 occurrences in the control group 
and 7 in the treatment group—essentially no differe 
at all, 

Summing up the results of these 8 major trials, : 
nya employed diuretic drugs as first-line therapy, only 

Lstody DEE ers sae the Premise that the ir 


































‘obability CHD in 6 Years During Diuretic- 
sed Therapy and After Therapy Was Stopped* 


During After Cessation 
. Therapy of Therapy 


lesterol (mg/dl). 235 217 
lic blood pressure 133 151 











No 
8:8% 7.6% 


ble for a 55-year-old man was used.’ This table was 
verage age of our patients. 


m Hg). 
ucose intolerance: Yes 
bability. 


to shai extent the changes could offset the ben- 
al effect of decreasing blood pressure on CHD risk 
ients with hypertension. We used the coronary 
obability. table developed from the Framingham 
tudy!® and employed data from the patients studied 
ring and after cessation of therapy.? Table VI shows 
T of CHD was EE somewhat 


N the benefits of reducing blood pres- 


Possible Alternatives 


Beta-blocking drugs have been suggested as first-line 
r hypertension because of their antirenin and 
protective effects.°4”> Indeed, an uncontrolled 
in which beta blockers served as initial therapy 
ansion reported a reduction in CHD. 

e cardioprotective effect has been demon- 
elatively short-term studies.”>?7°5 A long- 

y of oxyprenolol showed an increased inci- 
HD in some groups of patients.?9 Several beta 
ave an adverse influence on serum lipids and 

, an effect most. evident in long-term 

hus, it is possible that an early benefit re- 
mproved electrical stability mie become 


ent with Phi raeed t As aoa in 
hen spironolactone was substituted for 


nge in total cholesterol. Whereas this infor- 
; promising, data are needed on lipoprotein 
F ther study of teoa uo: sparing diuretic 


te that prazesin, an 


TABLE VIL Serum Cholesterol and triglyceride Level 
During Randomized Substitution of 
Spironolactone for Chiorthalidone: Co 
With Patients Continuing on Chiorthali 





Total 
Cholesterol 


: Triglyc 
Group ' (mg/dl) o 





Spironolactone group (n= 11) 
Initial chlorthalidone period 
Spironolactone period. 

Final chlorthalidone period 

Chlorthalidone group (n = 12)... 
Initial chlorthalidone period: 
Middle chlorthalidone period. 
Final chlorthalidone period 








*p<0.05" versus the initial and final chlorthalidone Ee 
group. Also p <0.05 versus the middle period in the chi 
group. Cholesterol did not differ between groups in Mel initial 
chiorthalidone periods, 


alpha,-adrenergic blocking agent, hasa no adverse 
on serum lipids and lipoproteins.*2-°8 If long-te 
clearly prove its sustained antihypertensive effica 
lack of adverse lipid effects, prazosin could well b 
the drug of choice in the initial treatment of } 
moderate hypertension. However, considering 
widespread acceptance and applicabili 
therapy,*! a clinical trial may be neede 
uretic-based regimen (of proved efficacy a : 

and congestive heart failure) against an : 
regimen (of presumed efficacy against ( 

lipid effects but unproved in the prevention 
and ses heart failure). Before even CO! 


coefficients!) based on Tong: term change in 
pressure, glucose: tolerance, lipids and ipop f 


therapy has been shown to cause an increas 
cholesterol and triglycerides. It can also lead to gluc 
intolerance and insulin resistance, in addition to ot. 
adverse effects reported earlier on potassium, chlo) 
uric acid, and renin levels. The fact that lipid alterati 
correlate with glucose intolerance suggests there is al 
between these pathways or that a common mec 
may be involved. This may prove to be the reason 
diuretic therapy did not reduce mortality greatly i 
MRFIT study and other major ‘CHD studies. — 
Quantitatively, the changes in coronary risk 
including glucose, lipids, and systolic blood pres 
during diuretic-based antihypertensive thera’ 
even increase the probability of developing CHD 
Prazosin, an agent that does not have an adverse 
fect on lipids, glucose, potassium, uric acid or ren 
be a preferable choice for initial therapy in h 
sion. Iti is effective alone- or it can be adde f 
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Developments i in Alpha-Adrenergic Receptor 
Įarmacology: Implications for the Initial 


: reatment of Hypertension 


ILSON S. COLUCCI, MD 


e vascular postsynaptic alpha, receptor is the 
jor locus through which adrenergically deter- 
d vascular tone is mediated. Therefore, 
ade of this receptor is a particularly specific 
ipproach to the major pathophysiologic defect in 
ypertension—an elevation of peripheral vascular 
esistance. Although the mechanism responsible for 
crease in peripheral vascular resistance in 
rtension is not known, it is apparent that the 
Jathetic nervous system plays a key role. In 

n, considerable evidence suggests that a 

on abnormality in hypertension is an increase 

$ cnenivity of vessels to alpha-adrenergic 


tral role of the adrenergic nervous system in the 
nent and maintenance of hypertension has long 
appreciated. Not surprisingly, adrenergic blocking 
f many different types have been widely utilized 
apy of hypertension. Agents such as reser- 
lpha-methyldopa, clonidine, and guanethidine 
n a nonspecific suppression of sympathetic 
; system activity. Therefore, although these 
are effective in lowering blood pressure, they also 
umber of side effects which often make them 
ble cas “first-line” antihypertensive thera- 

. More recently, beta-blocking agents have 
effective in the lowering of blood pressure, and 


partment of Medicine, Harvard Medical School, and the 
scular Division, ‘Brigham: and Women's Hospital, Boston, 


stimulation, a defect potentially loca 
alpha-receptor level. Basic radioligand b 
studies of vascular alpha, receptors, in 
onstrate that the affinity, or avidity, 
these sites is under the regulation of both ne 
humoral factors. | : 
Although diuretics, and more recen 
adrenergic blocking agents, have been util 
the initial treatment of hypertension, rec 
mation about the adverse effects of these age 
led to a reappraisal of the role of alpha- 
blockade as a rational approach to their iti 
ment of hypertension. coe 


have been suggested as initial therapy of hyp 
Paradoxically, most beta-adrenergic blocker 
in an increase in peripheral vascular resistance 
blockade of vascular betay receptors, stimulatis 
which results in vasodilation. Nevertheless, bi 
blockers work because other indirect effects ac 
overcome the direct vasoconstriction resulting from 
blockade. ; 
During the last 10 years, icanon in the fie 
alpha-adrenergic Teceptor pharmacology has g 


ceptor subtypes médiate distinct phivsiclogie: Punct 
has provided us with a sound basis for the developm 
of alpha, selective antagonists that inhibit only t 
portion of adrenergic function involved in the mair 
nance of vascular tone, thereby bypassing many of 
adverse effects of nonspecific sympatholytic agents 
particular, the alpha; selective antagonist, prazosin, 
proved to be an effective antihypertensive agent. 

of these advances, it is appropriate to reeval 

traditional * foe care of the: hyper ; 








u New Concepts in Alpha-Adrenergic — 
` Receptor Pharmacology 


For many years, it has been known that the actions 
the sympathetic nervous system on the tissues under 
control are mediated by either of 2 receptor types, 
signated alpha and beta.! These receptor types are 
_ defined by their response patterns to stimulation by a 
| ries of catecholamines. Alpha-receptor sites respond 
<imally to epinephrine and norepinephrine, and 
h less so to isoproterenol. Conversely, beta-receptor 
respond maximally to isoproterenol and less so to 
pinephrine and epinephrine. Beta-receptors are 
bdivided into beta, and betaz receptors. Beta, re- 
septors primarily mediate cardiac responses, while betag 
receptors mediate vascular and bronchial smooth 
muscle relaxation. 
_ More recently it has also been appreciated that there 
e 2 subtypes of alpha-receptors, designated alpha, and 
hay (Fig. 1).2-4 In general, alpha-receptors located 
postsynaptically on the vascular smooth muscle cell are 
the alpha, subtype, whereas receptors which are located 
presynaptically on the sympathetic nerve ending are 
yf the alphas subtype. Blockade of the postsynaptic 
alpha; receptor results in relaxation of vascular smooth 
muscle, and a fallin blood pressure. It is only recently 
at the physiologic function of the presynaptic alpha 
ceptor has been appreciated. Based on many types of 
information, it now appears that stimulation of the 
esynaptic alphag receptor by norepinephrine, which 
s been released from the nerve ending, results in a 
uction of further release of norepinephrine from that 
rve ending.’ In addition, norepinephrine or epi- 
phrine which enters the synaptic cleft from the cir- 
lation may also result in a reduction in norepineph- 
e release. Thus, the presynaptic alphas receptor 
rms part of a feedback loop which maintains the local 
vel of sympathetic activity, and hence, vascular 
ne. 
Alpha, and alphas receptors are distinguishable by 
eir pharmacologic specificities for various antagonist 
tgs.” Thus, alpha, receptors have a particularly high 
finity (avidity of binding) for drugs such as prazosin, 
da very low affinity for drugs such as clonidine or 
himbine, a drug that has been of particular value in 
e pharmacologic study of alpha receptors. Con- 
rsely, alpha, receptors show very high affinity for 
onidine or yohimbine, and extremely low affinity for 
osin. These types of pharmacologic specificity can 
monstrated by several techniques including 
iologic experiments and, as will be discussed later, 
oligand binding assay methods. 
ore recent development is the understanding that 
stsynaptic alpha-receptors may be of either the 
pha; subtype, the alphas subtype, or a mixture of both 
btypes. Although it previously was assumed that all 
stsynaptic alpha-receptors in blood vessels were of 
alpha; subtype, it now is apparent that at least in 






































. renergic receptors. Thus, both the postsynaptic 


tain blood vessels, some of the postsynaptic receptors 
may be of the alphas subtype.>* Interestingly, it appears. 
that these alpha receptors are located away fromthe _ 
o sympathetic nerve endings, whereas alpha; receptors : a 3 ( 
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FIGURE 1. Schematic representation of the alpha-adrenergic receptor: =-=: 
subtypes on peripheral nerve endings (presynaptic) and vascular smooth: =. 
muscle (postsynaptic). Contraction of vascular smooth muscle is- 
mediated primarily by alpha, receptors, whereas alphazreceptors lo- 
cated on peripheral nerve endings inhibit norepinephrine (NE) release, 
thereby providing local feedback control of sympathetic vascon- 
striction. Recent data indicate that some vascular postsynaptic rë- 
ceptors are of the alpha, subtype. (Reprinted with permission, from 
Colucci WS, Braunwald E. Adrenergic receptors: new concepts and =. — 
implications for cardiovascular therapeutics. In: Conti CR, Brest A; eds. oe 
Cardiovas Clin, in press, 1983.) oe 








appear to be located within close proximity to the nerve 
ending. A consequence of this fact is that the concen- _ 

tration of released norepinephrine is very high at alpha; _ 

receptors, and extremely low by the time it has diffused 

to the extrasynaptic alphas receptors. Based on th 
observations, it is possible that alphas receptors in blood 
vessels represent primarily a back-up system which. 
gains importance in times of stress when circulating - 
catecholamines are elevated to levels adequate ti 
stimulate extrasynaptic alphas receptors... 






























Physiologic Significance of 
Alpha-Receptor Subtypes __ 
Administration of phentolamine or phenoxy 
mine results in a nonselective blockade of a 


on the vascular smooth muscle cell and the pre: 
receptor on the a eer nerve ending are blocke 


l; leaving. the negebive feedback loop for 
inephrine intact, and circumventing the unde- 
ble cardiac and systemic effects of increased nor- 
1ephrine release. Consequently, the use of an alpha; 
selective blocker makes physiologic and pharmacologic 
sense in the therapy of hypertension. 
_ The differential physiologic effects of alpha, selective 
us nonselective alpha blockade are illustrated in 
2. In this study, prazosin and phentolamine were 
stered to dogs in doses which lowered mean ar- 
essure to the same degree. 7 When pressure was 
with prazosin, there wasa negligible effect on 
ulating plasma norepinephrine levels, whereas an 
al lowering of blood pressure with phentolamine 
produced a marked increase in plasma norepinephrine. 
A similar elevation of circulating norepinephrine in 
humans might be seen during states of stress or stren- 
ous exercise, 


A Potential Role of Vascular Alpha- 
Receptors in Hypertension 


Although the fundamental cause of essential hyper- 
nsion still is not known, it is clear that increased vas- 
r tone is a primary hemodynamic derangement. 
of the possible oeusee of this increase in vascular 


ence of an increased sympathetic nervous system 
low in patients with essential hypertension has been 
lusive. Circulating levels of norepinephrine, 
are thought to represent neuronal activity are, in 
not elevated in hypertensive patients. Recently, 
there has been evidence that hypertensives 
levated levels of epinephrine which is derived 

rom the adrenal medulla? 
potential. cause of. hypertension is an in- 
ased ensitivity to vasoconstrictor stimuli. In fact, 
erature suggests that-increased vascular sen- 
Ly in hypertension, and i in many cases this hyper: 


er, ithas previously been impossible to specifi: 
Prien the alpha-receptor a as the site of this 


of binding} of Pack. ee in vascular 
uscle. 


Plasma Norepinephrine (pg/ml) 


in pla ee concentration alter prazosin. n. (oai ied from 
M; etal. ue 


receptor. is regulated ‘by aang otk 
trogen sex hormones. 13 As shown 


finity, as signified by a leftward 5 
curve in females as compared to mal 


binding curve, oran increase in natin 
These observations may be relevant ti 
nism. of birth-control- pill-induced hyper 
haps more important, though, these data dem ns 
that the affinity of the vascular alpha; recepto 
dynamic state; the absolute affinity being regula’ 
various neural and humoral influences. Pote: 
abnormally high affinity of vascular alpha; 
could be a basic underlying defect in esse 
tension. Although we do not yet know the 
question, it is an area of active investigation: 


Treatment of Hypertension With Prazos 


Prazosin is a versatile antihypertensive age 
is effective alone or with other types of a 
tensives in the therapy of mild, moder. 
hypertension) M4 Prazosin’s FSi alan 
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FIGURE 3. inhibition of the binding of an alpha; selective radioligand 
-WB-4101) to vascular alpha, receptors by various catecholamines. 
location of each curve represents the affinity of the alpha, receptor 
or that compound. (Reprinted from Colucci WS et al, 1? with permission 
‘the American Heart Association.) 


ckade in order to be effective (and therefore are 
enerally reserved for Step 3 use), prazosin may be used 
a Step 1, Step 2, or Step 3 agent without beta-ad- 
rgic blockade. This is because prazosin’s antihy- 
‘tensive effect is accompanied by little or no increase 
heart rate, plasma renin activity, or circulating cat- 
iolamine levels. 

azosin may: be used alone to treat mild-to-moderate 
yertension, and may be particularly useful when 
srapy with other Step 1 agents such as diuretics or 
‘a blockers is undesirable. The well-known adverse 
ffects of diuretic and beta-blocking drugs, and recent 
rowing evidence that both classes of drugs adversely: 
ect serum lipids makes their long-term use less than 
al, and suggests that their role as Step 1 therapy 
eds to be reevaluated, particularly in young adults 
mild or moderate hypertension. Since alpha, 
e blockade with prazosin is effective, associated 
w adverse effects, and does not adversely affect 
lipids, it deserves serious consideration as Step 
RETAPYs i l 

*razosin is also effective when used with a diuretic 
combination with other antihypertensive agents. 
ow incidence of limiting side effects during chronic 
rapy has made prazosin a popular alternative to 
sonspecific adrenergic inhibitors such as reserpine, 
lpha- sey Boke clonidine, and E ia | Pra- 







































usually most pronounced after the initial drug admi n 
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FIGURE 4. As in Figure 3, the location of the l-epinephrine curve indi- = 
cates the affinity of the alpha, receptor. The affinity of binding is higher 
in female rats (open circles) than in male rats (closed circles), whereas 
the. difference is no longer evident after ovarectomy (open circles r 
separated by broken line). (Reprinted from Colucci et al, 9 with per- ==> 
mission of the American Heart Association.) co 
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beta-adrenergic blockers, and essentially all other an- | 
tihypertensive agents. Prazosin may be ahighlyeffec- 
tive agent alone or with a beta-blocker for the presurg- — 
ical management of patients with severe hypertension 
due to pheochromocytoma.!® Despite extensive clinical _ 
trials for periods of therapy ranging from weeks to years, 
there is virtually no evidence of attenuation of prazosin’ s 
antihypertensive effect during chronic therapy. t118 
In hypertensive patients with normal renal function, 
prazosin has no significant effect on glomerular filtra- 
tion rate or effective renal plasma flow. In hypertensive 
patients with renal insufficiency, glomerular filtration 
rate is either unchanged or increased. Although prazosin 
is primarily metabolized by the liver, some data suggest 
that drug levels may be higher, elimination half-life 
prolonged, and the degree of protein-bound drug 
duced in patients with chronic renal insufficienc: 
These alterations in drug pharmacokinetics may a 
count for clinical reports of increased drug poten 
renal insufficiency. Used alone or in combination, 
zosin is an effective antihypertensive agent i 
patients with volume-responsive or volume- 
dent hypertension. 
The major side effect of prazosin therapy i in pal 
with hypertension is postural hypotension, | 















































istration, and therefore has been referred to as 
“first-dose phenomenon.” This complication is 
related. In a group of 74 hypertensive patients i 
treated with a 2-mg dose of prazosin, 2 2 patie 
syncope and 10 others had 0 aignihieant sympto } 











trol subjects. During prazosin n bigd vis- 
sity was reduced i in proportion to the decrease in 
fusion pressure, so that total blood flow was largely 
nchanged. Prazosin preferentially reduced blood vis- 
sity in the precapillary resistance vessels, while hardly 
ting the viscous resistance to flow in the capaci- 
tance (venous) vessels. This action might explain the 
greater effect of prazosin on the peripheral arterial bed, 
ough the drug is also known to affect peripheral 
ce in the venous side of the circulation. In this 
study, plasma renin activity, creatinine clearance, 
well as daily excretion of sodium, potassium, and 
aldosterone were similar before and during treatment 
with prazosin, whereas microcirculatory blood flow and 
organ perfusion were well maintained. 
_ -Prazosin is rapidly and almost completely absorbed 
-< after oral administration.* Peak plasma concentrations 
are achieved within 2 to 3 hours after a dose. Prazosin 
is extensively metabolized by the liver, with more than 
90% of an oral dose being eliminated through the feces 
and the remainder through the urine.? This antihy- 
pertensive drug does not significantly affect renal 
function.* However, its hepatic metabolism calls for 
aution when the drug is administered in patients with 
jaired liver function. 
*razosin has had-no adverse effect on lipid metabo- 
1-13 and has not altered glucose! or uric acid me- 


ibolism. 























































Use of Prazosin in the General 
Hypertensive Population 


Numerous studies report that prazosin, given as 
gle-agent therapy in the initial treatment of hyper- 
sion, is effective in reducing blood pressure in the 
eral population with mild, moderate, and severe 
rtension. Most common reactions to prazosin are 
ally mild and transient and include dizziness, 
ache, drowsiness, lack of energy, weakness, palpi- 
ns, and nausea. Rarely, a so-called “first-dose 
enon” involving postural hypotension, syncope, 
‘may occur, but can usually be avoided by careful 
on of prazosin treatment (see section on Initia- 
d Titration of Therapy). In at least 1 study by 
hald,!® the first-dose effect did not occur in pa- 
i whom diuretics were withheld and prazosin was 
ted at a small dose. Apparently, volume-depleted 
are more likely to experience the postural ef- 
he first dose of therapy, thus arguing for initi- 
rug therapy with prazosin and the later addi- 
low-dose diuretic when necessary. Prazosin 
cause the marked increases in heart rate, vas- 
daches, and flushing episodes often seen with 
acting vasodilators, nor does it decrease cardiac 
ut and heart rate as do beta-blocking drugs or cause 
tassium depletion as do diuretics. Therefore, prazosin 
eems an especially logical choice in the asymptomatic 
atient starting on long-term antihypertensive therapy. 











‘he lack of adverse effects on lipid, glucose, and uric 


m etabolism furth er enhances its appropriat e- : States: Prazosin,.0.5 mg, is unavailable in the United State 


~ of lower bioavailability of the capsule formulation, whe 


t-acting vasodilators such as hy: : ; 





dřalazine and minoxidil have @ severe side. effects a 
usually require concomitant use of a ‘beta-blocking ag 
to blunt their hyperdynamic effects, they generally 
used as step 3 drugs in the stepped-care approach 
therapy recommended by the Joint National Comm 
tee on Detection, Evaluation and Treatment of Hi 
Blood Pressure. In contrast to these vasodilators, p 
zosin is recommended as a Step 2 drug by this Co 
mittee and can be used alone as Step 1, Step 2, or S 
3 therapy, without a beta- blocking drug becai 
usually does not affect heart rate, plasma renin act 
or plasma catecholamine levels.! Nevertheless, be 
some patients taking prazosin may accumulate fl 
(although not as much as do those on hydralazine)! i 
addition of a diuretic agent may be necessary at s 
point in their therapy. Salt restriction is advisabl 
maximal effectiveness is to be achieved. ; 
Clinical experience: After nearly 10 years in di 
use; prazosin, when used alone, has been an eff 
agent over the entire range of hypertension. ‘Tab 
summarized the results of many studies in which 
drug was used as single-agent therapy.'® 
Studies dating back to 1973 and earlier suggest 
the optimal effect of prazosin is reached within 
weeks in mild hypertension and within 8 wee 
moderate to severe hypertension. Harter and De 
conducted a study in 22 patients on chronic hemod 
ysis. Eleven patients were treated with prazosin al 
(Fig. 1). Eight of these were volume- -responsive, 
ume-independent, and 1 had high-renin hypertensi: 
The baseline predialysis blood pressure was 184+ 5/: 
+ 2mm Hg, and after 3 months on prazosin it decreas 
to 154 + 3/77 + 3mm Hg. Adequate control was 
tained throughout the 6-month period of obs 
tion. 
Kincaid-Smith,!’ who by 1977 had cated abou 
hypertensive patients with prazosin over 5 year 
ported that this agent was effective when used alone 
the majority of patients, including those with sev 
hypertension. In 16 patients treated with prazosin al 
over 4 weeks, increasing the dose from 0.5* mg at 
a day to 5 mg 3 times a day reduced the supine sy 
blood pressure from 194 to 142 mm Hg and the 
diastolic pressure from 118 to 84 mm Hg. Prazos: i 
well tolerated by the patients. : 
O’Connor et al!8 compared the efficacy of pra 
with that of propranolol in a crossover study of 1 
tients with essential hypertension, each treate 
month with placebo, prazosin alone, and propra 
alone. Both active drugs were titrated upward un 
blood pressure was normalized and then kept 
for 1 month. The mean prazosin dose was 5.8 m. 
and the mean propranolol dose was 170 mg/day. B 
drugs normalized systemic blood pressure, includ 










































































* In this clinical trial, tablets rather than capsules were used. | 
capsules are the only dosage form presently available in 


‘mg of prazosin is referred to.in the present study, it should 
equal in antihypertensive activity to aimg capsule al 





of Results From Studies Demonstrating the Efficacy of Prazosin as Single-agent Therapy tor 


mmary 
: Hypertension (Total, 324 Patients) 





Supine BP (mm Hg) 
Study Baseline: Prazosin 
Harter and Delmez’’ 184/102 154/77 
Kincaid-Smith'® 194/118 142/84 
Connor et alt? 156/108 135/85 
her et alt 178/104 168/94 
157/99 142/91 
166/107 141/89 
data? 168/102 153/89 
nith et al?? 134 121 
(mean arterial 
ssure) 
andes et al?4 116 104 
erage diastolic pressure) 
friaensen and Vryens?> (Normalized supine 
olli and Simpson?® BP in 65%) 


; All reductions from baseline are statistically significant. 
t Dialysis patients. 
BP = blood pressure. 


stolic, diastolic, and mean arterial pressure, although 

e final diastolic and mean arterial pressure was 
ewhat lower with propranolol (Table II). Glomer- 

ar filtration rate, renal plasma flow, and renal blood 

ow all decreased significantly during propranolol 
eatment, whereas they were preserved during prazosin 

eatment (Table II). 

Letcher et al? evaluated therapy with prazosin alone 

11 patients who received a mean dose of 10 mg/day. 

eated blood pressure decreased from a baseline of 

8/107 to. 158/94 mm Hg after 4 weeks of therapy at the 
ntenance dose level. Heart rate and body weight 

ere similar before and during prazosin therapy. 

In a double-blind, placebo-controlled, randomized, 
sover study by Mulvihill-Wilson et al, 19 the efficacy 
razosin as single-agent therapy was compared with 
of phenoxybenzamine in 11 patients with essential 

ypertension. Both drugs produced similar significant 
ductions in standing blood pressure, but only prazosin 
sed a significant decrease in supine blood pressure 

157/99 to 142/91 mm Hg (Table HI). Prazosin was 
ell tolerated by most patients in this study. 


Baseline Titration 3 Months 6 Months 





Co Prazosin 





Net BP 
Reduction (mm Hg) Mean 
Over Baseline" Dose/Day (mg) 
30/25 11t w 
52/34 16 16 
21/23 42 58 
20/13 11 10 
15/8 1 ao 
25/18 50 6.8 
16/13 101 aa 
13 38 Me 
12 48 13 
20 3 
16/12 6 9.9 








Turner et al®° treated 50 mild to severely hyperten- 
sive patients with an initial dose of 1 mg titrated upward __ 
until satisfactory control was achieved or a maximal 
dose of 20 mg/day was reached. Twenty-four achieved __ 
satisfactory control with prazosin alone (standing blood 
pressure of 168/103 mm Hg was reduced to 134/82 mm 
Hg) and of these 20 became normotensive. The re- 
maining 26 required the addition of a beta-blocking — 
agent, together with a thiazide diuretic in 14 patients 
Although prazosin alone produced a mean blood pres- 
sure reduction of 21/13 mm Hg in this group of 26, the 
combined therapy achieved a further reduction of 21/15 E 
mm Hg. e 
When 101 patients, half of whom had moderate to aS 
severe hypertension, were treated with up to 20 mg/day __ 
of prazosin for 8 weeks (Table IV),2! almost 50% became 
normotensive (diastolic <90 mm Hg), and the supine __ 
diastolic pressure was reduced to <100 mm Hg in 75% 
of the patients. Average blood pressure was reduced 
from 168/102 to 153/89 mm Hg. A decrease in severity . 
of illness was reported in 83% of the patients, 

Smith et al’? reported on 38 patients treated 

















ô Baseline | Titration 3 Months 6 Months 





systemic 


and Renal Hemodynamic \ Variables in 12 Patients With Essential Hypertension Treated Tor 1M 
























p <0.05 versus placebo. j 
5 p <0, 05, Prazosin versus propranolol. 





ith Placebo, Propranolol, and Prazosin* 


“Blood Pressure (mm Hg) ; 
Glomerular Renal Py E 
Mean Filtration © Plasma: ; 2 oy Renal Bl 
eats Arterial Rate - Flow. > Filtration 
«Systolic - Diastolic Pressure (ml/min) © (ral/min). 


4 TABLE EM Mean (+ Standard Error of the Mean) Levels of Body Weight, Pulse,. Systolic Blood Pressure (SBP), and Di 
. a Blood Pressure (DBP) at the End of 4 Weeks of Placebo, Prazosin, and Phenoxybenzamine* 



















































Placebo Prazosin : _ Placebo hee sea 
Variable Supine Standing Supine Standing Supine... Standing Supine k a St 
eight © 7783+52 77.358 76.0 £5:4 773467 
beats/ 718 83.5 76.4 89.2 75.4 82.5 74.5 
“$2.9 +5.0 +3,9 £3.9 44.4 £441 +37 
157 167 142.3 133.6 163.6 150.9 156.3 
£6.3 +3.2 45.97 44,81 +6.5 +3.7 +75 
98:9 108 90.5 91.5 7.8 107 94,5 
+2. +3.0 2.7? +43.8! +37 42:4 +28 

















0.005 versus placebo. 
P <0.05 versus placebo. 


. Grades of Hypertension? 1 


Reprinted: with permission, from Mulvihill-Wilson et al.'® 


V : Response to 8 Weeks of Therapy With Prazosin (from 117 to 1013 mm 1 Hg) in the average standi 
_ (up to 20 mg/day) in 101 Patients With All stolic pressure. Prazosin was well tolerated. 





Adriaensen and Vryens?* determined that i in 










Mean Reduction of 







pressure reduction 3 mg/day of prazosin was ap 




























pine and the standing position: 


“Blood Pressure ` ` Other Criteria Percentage mately equal to 750 mg/day of methyldopa in a g 
_. (mmHg) of Response of Patients of 20 patients with mild to moderate fixed esse 
15/13 Diastolic <90 48.5 hypertension. Prazosin normalized the blood pre 
Diastolic <100 75.3 (supine diastolic <90 mm Hg) in 65% (13 of 20) 
en 83.5 patients; methyldopa produced a similar respi 
only 45% (9 of 20). Although the blood- ~pressure- 
20/16 Digstolie E ò nae ering effect of prazosin was already noticeable i 
vaca ane first week of therapy, optimal effects were reache 
in severity tween the fourth and sixth weeks. The investiga 
thought that such a progressive blood-pres 
creasing effect was an advantage, especially i 
ces demonstrating the effects of arterial aging. 
one. Mean arterial pressure in the supine alone had no effect on serum levels of electrol 
eased from a control level of 134 to 121 mm cose, or uric acid. 


6 months of therapy with prazosin. 
des et al”? used prazosin alone (6 to 10 mg/day) 
ulatory patients with essential hypertension alone. In the 6 patients who received prazosin as th 


months after a preliminary 4-to-10-week pe- antihypertensive agent,* the mean decrease | 
0 administration. Treatment with prazosin and atanding blood pressure was wn ie md 18/1 


ignificant reduction in blood pressure in 


se (from 116 to 104 mm Hg) in the average _ - 
blood: preceure and an 11% decrease 























Bolli and Simpson® successfully treated a 
tensive patients with prazosin, 6 of. them with p 








There was 












Trese investigators used initial doses g grea or than 











oe Prazosin | ' 
monotherapy 
~ only (6) 







All Prazosin | 


“Blood a 
patients (24) 


‘Pressure ~ 
(mm Hg) 






































` 220 


FIGURE 2. Mean blood pressure before (paired white columns) and 

ring (paired dark columns) prazosin therapy. Standard deviations 
re indicated in vertical lines. E = erect; S = seated. (Adapted from 
olli and Simpson,?5 with permission.) 


ig, respectively (Fig. 2). The mean daily dose in this 
Toup was 9.9 mg. 

Prazosin, therefore, has been shown over the years to 
be an effective antihypertensive agent when used alone 
s initial therapy in a large percentage of patients. In 
ddition, it also elicits good blood pressure decrease 
rhen used concomitantly with other antihypertensive 
gents. 

Initiation and titration of therapy: Current rec- 
mmendations in the United States call for an initial 
ose of 1 mg 2 or 3 times a day. This dosage may be 
lowly titrated upward to a maximal total daily ad- 
inistration of 40 mg in divided doses, The therapeutic 
age most commonly used in this country has ranged 
m 6 to 15 mg daily in divided doses. Prazosin seems 
have a dose-related plateau, probably reflecting full 
lockade of alpha- adrenergic receptors. Hence, >20 
ag/day usually does not increase efficacy. However, a 
ew patients may benefit from further increases to 40 
ag daily in divided doses. Most patients can be main- 
ained adequately on a twice-daily regimen. 





‘eye 


al. dose of 1 mg of prazosin,2! syncope was re- 
din 1 of 667 patients (0.15%). Although the inci- 
lence of syncope is low, patients should be ‘cautioned 





ope should occur during initiation of therapy. 

‘Preexisting sodium depletion from either. dietary 
odium restriction or diuretic therapy may contribute 
the occurrence of the first-dose phenomenon with 
razosin.2 Fauchald et al!> reported that when diuretics 
e withheld for 1 day before initiation of prazosin 





edtime, and the initial dohe was limited t 





clinical experience with 22,000 patients receiving 


void : situations in which injury could result if syn- 


sible are hypertension and abnormal lipid and 


“are very common and may be major coronary risk 





rapy, the first dose of prazosin was administered at 






mg,” no case of first-dose syncope occurred in a serie 
of 1,151 hypertensive patients; also, symptomatic po 
tural hypotension declined as therapy proceeded. — oe 

Too rapid dosage increases of prazosin or the intro- _ 
duction of another antihypertensive agent into the — 
regimen of a patient taking large doses of prazosin also. 
have been associated occasionally with syncopal epi- 
sodes.2 Such episodes can be minimized by slow, | 
gradual increases in prazosin and by careful introduc- 
tion of any additional antihypertensive agents, when He 
needed. 






Prazosin as Initial Therapy in 
Hypertensive Subpopulations 


Prazosin is particularly useful and appropriate across _ 
the broad spectrum of hypertensive individuals. In 
addition, the many hemodynamic and metabolic ad- 
vantages of prazosin make it particularly appropriate — 
in certain populations with complicated hyperten- 
sion. 

Patients with impaired renal function: Thiazide 
diuretics lose much of their antihypertensive effec- 
tiveness in the presence of renal insufficiency.and _ 
therefore are usually replaced by powerful loop diuretics __ 
such as furosemide in patients with renal impairment.’ no 
As with beta-blocking drugs, propranolol causes a de- ] 
crease in glomerular filtration rate, renal blood flow, and _ 
renal plasma flow.!® These functions were preserved 
during prazosin therapy. 

So far as medical treatment is concerned, except for 
the severity of hypertension and the need to consid 
the effect of different drugs on renal function, no major _ 
differences in treatment exist between patients with _ 
renovascular hypertension and those with essential — 
hypertension.'” Patients with an underlying renal cause 
and those with impaired renal function responded well 
to prazosin.?8-80 ee 

Hemodialysis: The plasma concentrations of. pra: a 
zosin are not affected by hemodialysis.’ 31 Harter and ~ 
Delmez!® preferred to use prazosin in patients on 
chronic hemodialysis because methyldopa could cause 
somnolence and impotence (compounding conditi 
already present in patients on dialysis); hydralazin 
associated with cephalgia and tachycardia. Prazos 
also preferred because it can easily be titrated : 
doses, has minimal side effects, and is well accepted l 

Adequate control of pre- and- postdialysis bl 
pressure was maintained throughout a 
study’® in all patients treated with prazosin ; 
1). Prazosin alone was most effective in 16 pat 
volume-responsive hypertension whose persi 
blood pressure was due to interdialysis we 
Prazosin was well tolerated by most patient: 

Goldberg et al"! pointed out that uremic. 
treated. with hemodialysis developed accelera 
erosclerosis. Among the factors thought to be re 







































hydrate metabolism. Hypertension and hyperlipidemi o 















in this subpopulation. Therefore, i in aati hy- 
pertensive patients on dialysis, agents used must have 
no adverse effect on serum lipids. Hyperlipidemia in 
his group is characterized by hypertriglyceridemia and 
reduced high density lipoprotein (HDL) cholesterol. In 
is pilot survey, dialysis patients on propranolol had 
increased plasma triglyceride levels and reduced HDL 
entrations, whereas those on prazosin had no ad- 
effect. 

rt block: Prazosin does not significantly affect 
sctrical conduction of the heart and can be used 
fely i in hypertensive patients who also have conduc- 
n problems. 

_ Bronchospasm: Prazosin can safely be used in pa- 
tients with hypertension who also have obstructive 
_bronchospastic disease. 


- Diabetes mellitus: Thiazide diuretics can trigger 
_ diabetes or aggravate preexisting hyperglycemia’ be- 
cause they increase blood glucose levels and can even 
ead. to nonketotic hyperosmolar coma. The hypergly- 
cemic properties of diuretics are also related to the hy- 
pokalemic effect of these drugs. Prazosin can be used 
safely in hypertensive patients with diabetes or hyper- 
cemia because it has minimal or no effects on glucose 
stabolism,!4 

Effects on lipid metabolism: Diuretics such as 
chlorthalidone and hydrochlorothiazide significantly 
increase plasma total cholesterol, VLDL cholesterol, and 
asma triglycerides; chlorthalidone increased LDL 
esterol as well.33 Recently, Ames and Hill™ indi- 
d that methyldopa significantly lowers the serum 
vels of ‘ees HDL cholesterol. Propranolol and 






































































actual clinical benefit of decreasing elevated 
lipid levels in hypertensive patients has not been 
tablished, although some studies have found 
e correlation between the mortality from cor- 
eart disease and decreasing the lipid levels 
reduced intake of saturated fats, no smoking, 
icreased exercise) in normotensive subjects.°6 
ly, decreasing the blood pressure by drug 
y will further reduce mortality from coronary 
disease. However, several large trials, including 
nt Multiple Risk Factor Intervention Trial 
37 suggest that decreasing the blood pressure 
er of drugs including thiazides, chlorthal- 
hyldopa, reserpine, guanethidine, and pro- 
ay fail to produce any clear cut benefit in 
mortality from coronary heart disease. We 
othesize that the adverse metabolic effects 
rugs (including increases in very low density 
n (VLDL) + LDL and decreases in HDL) 
th beneficial effect.expected from decreasing 
pressure. No similar trials have yet been 
prazosin, but other studies have shown 
verse effect. on nomin metabolism, 








. moderate, and severe). 


patients with gout or hyperuricemia without the 
to add an antigout agent, thus simplifying therap 
encouraging compliance with the regimen. 


Side Effects 


The side effects. of prazosin therapy, which i i 
dizziness, lightheadedness, headache, dr 
weakness, and palpitation, are generally 
transient and seldom require discontinua 
drug. Sexual dysfunction, which may oce 
other antihypertensive agents such as methyld 
uretics, and reserpine, is uncommon with prazos' 

As previously indicated, the most significant | 
effect of prazosin is the “first-dose phenomeno: 
Syncopal episodes may occur in rare instances, us 
after the initial dose. However, withholding diul 
for 1 day before initiating prazosin therapy, limiting 
initial dose to 1 mg, and taking it at bedtime are 
helpful in eliminating many of the initial adverse effe 
Fluid retention necessitating the addition of a diure 
sometimes develops on long-term therapy with p 
zosin. 
Drug interactions: In patients who initially i rece 
prazosin but who need more antihypertensive effect, | 
required dose of diuretic or beta-blocking drug or 
is reduced, thus avoiding some of the adverse effer 
these additional drugs. 

In clinical practice prazosin has been admin 
without any adverse drug interactions with ji 













































tolbutamide), palie and sedative e alori 
zepoxide, diazepam, and phenobarbital), antigs 
agents (allopurinol, colchicine, and probenecid), ant 
arrhythmics (procainamide and quinidine), as well 

analgesics, antipyretics, and anti-inflammatory age 
(propoxyphene, aspirin, indomethacin, and phenyl 
tazone). Hypertension may develop i in patients. 
prazosin who are also receiving a beta- blocker suc 
propranolol. 

Conclusions: In a substantial number of stu 
dating back to 1973 and before, prazosin given as i 
single therapy was an effective and well tolerated 
hypertensive agent in all degrees of hypertension ( 


Prazosin decreases blood pressure by reducing 
peripheral resistance, which is the underlying 
dynamic problem in inost patients with essentiz 
pertension. It does not affect, or ‘minimally i i 
cardiac output, heart rate, plasma renin activit 
catecholamines, or plasma electrolytes. It has no ad 

effect on glucose, uric acid, or lipid metabolism. I 
not affect renal function in otherwise normal h 
tensive patients and may enhance renal functio 
patients with concomitant heart failure. 

The mild side effect profile of prazosin and its 
of adverse metabolic actions make this drug an al 
tive choice as initial therapy because it 
more benefits over the long term than do the 
agents currently used to treat hypertension. | 
therapy with a diuretic or a beta-blocking aj 


lired, the choice of prazosin as initial therapy may 
ake it possil ible to reduce the dose of the concomitant 
ag es 

The “first- dose phenomenon” ‘ig rare when initial 
ses of 1 mg of prazosin, preferably taken at bedtime, 
e.used: 
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And Renal Insufficiency 





AULIE GUNNELLS, Jr., MD 


anaon Detection and Follow-up Program 
DFP) first demonstrated that treatment of patients 
_ with mild hypertension (90 to 104 mm Hg diastolic) 
_ could reduce morbidity and mortality in coronary 
- heart disease (CHD). Previous studies had already 
_ shown the beneficial effect of blood pressure re- 
_ duction on renal disease, heart failure, and cere- 
»vascular. disease. When uncontrolled, mild hy- 
ertension in the patient with renal disease will lead 
o further deterioration of renal function. To prevent 
s and other complications (such as atheroscle- 
jis) of hypertension, whether primary or secon- 
, one should place these patients on antihy- 
rtensive therapy. However, standard stepped- 
therapy with diuretic drugs and beta-blocking 
ents is now ange reevaluation in view of the po- 










































he proposition that lowering high blood pressure could 
aduce cardiovascular morbidity and mortality was 
ly demonstrated for the first time by the Veterans 
inistration Study. Conducted over 10 years ago, 
dy definitely showed that antihypertensive drug 
ould prevent complications of hypertension 
orrhagic stroke, renal failure, left ventric- 
re, and aortic dissection. However, it failed to 
e any significant benefit in preventing the 
herosclerotic complications of hypertension, 
oronary heart disease (CHD). 

. basis of that study, general guidelines re- 
dications for therapy in hypertensive patients 
ere established. Patients with severe hy- 
(diastolic blood pressure = 120 mm Hg) re- 
mediate evaluation and treatment. Treatment 
indicated for patients whose diastolic blood 
fell within the range of 105 to 119 mm Hg. 

ese beginnings, the concept of “stepped care 
rent of y blood pressure also evolved 
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tential adverse effect of these agents on ser 
and renal function. Beta-blocking drugs, furti 
more, tend to increase peripheral resistance 
modynamic effect opposite to that desired in thes 
patients, Other drugs, aeg centrally | or poriphor il 











no adverse action on lipids and renal func’ 
lowers peripheral resistance, and does not caus 
many of the side effects that limit use of the othe 
drugs. It therefore appears to be a good choice fo 
initial therapy in mild to moderate hypertensic wit! 
aSenclatee renal insufficiency. 


However, the Veterans Administration Study f i 
to address clearly the problem of the patient with mil 
hypertension (diastolic pressure in the range of 90 to 0 
mm Hg). An important question has been whether o 
not the physician should institute antihypertensiv 
treatment in such patients and, if 80, what drug ani 
under what regimen.” A secondary issue may be th 
implication of what such a treatment, or lack of it, w l 
hold for the patient with renal insufficiency. 

In late 1979 and early 1980, the Hypertension De 
tection and Follow-up Program (HDFP)? addresse! 
some of these questions by studying approximatel 
11,000 patients with diastolic blood pressure levels o 
90 to 104 mm Hg. For the first time the study demon 
strated the effectiveness of treating mild hyperten 
Reducing blood pressure by only 10 mm Hg was f 
to be. beneficial i in decreasing the CHD mortality t 
in this group. 

The vast majority (70%) of all hypertensive pa 
in the United States have mild hypertension, well 
the range of 90 to 105 mm Hg (Fig. 2). Thus, if we accep 
the recommendation to treat mild hypertension, w 
automatically create an enormous number of patient 
who must undergo drug therapy. . 

We must ask whether the benefit relative to the ris! 
involved in treating these patients is really worth it, a) 
issue previously addressed by Freis? and broug 
sharper focus along with other questions in 
lect patients as reported in the Multiple R 
Intervention Trial (MRFIT).! The overall 

































~ — of Diastolic Blood Pressure 
4 120 mm Hg or higher 





immediate evaluation and treatment 


é indicated 
405-119 mm Hg or Treatment indicated 
oo higher f : 
aS 90-104 mm Hg Individuälize treatment according to risk 


factors ` 


prom the Joint National Committee on Detection, Evaluation, and 
‘Treatment of High Blood Pressure, 1977. 





ste pned caisi is clearly established. Very long experi- 
ence with diuretic drugs has established these agents 
as the cornerstone of blood. pressure therapy. However, 
with increasing awareness of the long-term biochemical 
changes produced by them important questions have 
been raised regarding the possible effects of diuretic 
therapy on the atherosclerotic potential of hyperten- 
sion, namely that seen in CHD. Diuretic drugs are 
known to have potentially serious side effects,- in- 
cluding a few—such as volume contraction, hypokale- 
mia, alterations in carbohydrate tolerance, elevation of 
serum lipid and uric acid levels which may be trouble- 
some to patients with renal insufficiency. Beta-blocking 
drugs also have been reported to adversely affect lipid, 
glucose, and uric acid concentrations. Furthermore, 
because patients with renal impairment are susceptible 
to accelerated atherosclerosis and premature cardio- 
vascular complications, the relation between antihy- 
pertensive drugs and their effect on other risk factors 
for CHD (such as the lipid profile) needs study. Taking 
into.consideration the long-standing success of diuretic 
and beta-blocking drugs in the hypertensive population, 
should we reexamine the way in which we initiate 
therapy, particularly in patients with mild to moderate 
hypertension with and without renal involvement? It 
will not do merely to stop treating mild hypertension 
with drugs. Unfortunately, the disease and its conse- 
quences continue to progress in many patients, unless 
appropiate drug therapy is used. 
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Renal Invo vement: Primary and Secondary 
Renal disease can be both the cause and the result B 
hypertension. In either case, the aims of treatment for 
the patient with mild hypertension and renal disease are _ 
twofold: (1) protect kidney function, and (2) prevent the 
complications of high blood pressure, especially ath- > 
erosclerosis, to which renally impaired patients are 
prone. This latter aim applies even in patients under- : 
going dialysis.!° 

The natural progression of untreated primary (es- 7 
sential) hypertension is grim (Fig. 3). One of the major 
hemodynamic effects in essential hypertension is an _ 
early and sustained increase in peripheral vascular re- 
sistance, which eventually leads to accelerated athero- 
sclerosis. Sooner or later, this results in target organ — 
damage. Left uncontrolled, hypertension causes irrep- 
arable damage to the kidney, leading to end-stage renal _ 
disease. The Veterans Administration Study! clearly 
demonstrated that effective treatment of hypertension . 
reduces the incidence, prevalence, and subsequent de- 
velopment of renal insufficiency. 

Renal impairment is a definite possibility in patients 
with mild hypertension. Up to 3% of patients with mild 
to moderate hypertension (90 to 125 mm Hg diastolic), 
as reflected by minimal changes in the optic fundi _ 

(grades I and ID, will show progression to renal insuf- _ 
ficiency over a 5- to 7-year period (Table ID. With | 
persisting hypertension, about 3 to 5% will show evi- — 
dence of renal damage. The important point to be made _ 
here is that if these patients with mild to moderate hy- 
pertension are treated, the progression toward renal | 
insufficiency can be reduced to almost zero. oe 

For patients with grade II fundi (with hemorrhage - 
and exudates) and diastolic pressure 2125 mm Hg, the _ 
situation is worse: 7 to 12% will progress to renal failure | 
in 5 years (Table III). Furthermore, only 10 to 15% will 
be alive in 10 years. But even in this group, treatment _ 
can reduce the progression to renal failure—particularly _ 
in those who present with initially normal renal func- _ 
tion—to <5% in 5 years.!! It is now realized that by _ 
treating hypertension we protect kidney function. anc a 
reduce the incidence of renal insufficiency. If we weigh 
the cost of dialysis against daily intake of medicati 
the choice becomes even clearer. 

We see a slightly different picture with s 
hypertension caused by parenchymal disease (su 
glomerilopathies, the tubulointerstitial and in 

























istent rapeetaition, The management. of ne 
in these patients, regardless of the cause of 1 
is similar with both primary and seconda 
sion? Ideally, one should be able to treat 
primary glomerulopathies and similar « - bu 
unfortunately these may progress independently of | 
blood pressure therapy. However, by instituting anti- 
hypertensive therapy, we can offer some degree of | 


-protection from vascular (especially cerebrovascular) 
deterioration.'? This is particularly beneficial in diabetic 
ae patients andi in patiente with Tenovescuhir disease. And, a 
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RE , Frequency of distribution of diastolic blood 
ure at home screening of 158,906 persons, 30 to 
of age. (Hypertension Detection and Follow-up 5 
gram, 1973-1974.) Note thata great majority of those R 
hypertension (diastolic blood pressure 290. mmHg) ° 5 


rẹ a diastolic blood pressure in the range of 90 to 104 

1 Ho (mild hypertension). (From Hunt JC, Cooper T, 

ch ED, Gifford RW, Kaplan NM, Laragh JH, Maxwell 

strong. CG (eds). Hypertension Update Mechanism, 
demiology, Evaluation, Management. From the pro- 0 
ram Dialogues in Hypertension, Hunt JC.(ed). Copyright 

980 Health Learning Systems, Bloomfield, NJ.) 









, control of blood pressure will offer some degree 
otection of renal function and involvement from 


anagement of the patient with renal disease and 
ated: hypertension i is similar to treatment of the 
nt with primary hypertension and secondary renal 
ment, with | exception. In the former group, we 
to treat the underlying disease (if a treatment is 
able). in order to stop the particular abnormality 
progressing (Table V); Good control of blood 
sure, however, is a must. In patients whose kidneys 
ficient i in their ability to excrete salt and water, 




















Natural History and Results of Treatment in Mild 
to Moderate Primary Hypertension 





and il fundi; mild to moderate hypertension (90 to 
5 mm Hg diastolic): 


ily 1.5 to 3% of these patients will show progression 
9 renal insufficiency in 5 to 7 years. 


Lt 3.0. to 5.0% will progress to-renal failure in 15 to 
years but upto 10% will: show evidence of renal 
damage. 

ment reduces this to almost zero. 


I History and Results of Treatment in 
severe Primary Hypertension 





| sole severe hypertension e 125 mm Hg 





s the progression to renal failure (in 
ally normal renal unction) to <5% in 
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by different cut point 
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we wold first reduce salt intake and institu : 
priate diuretic therapy. The great majorit y ol 









require a i potent toop diuretic drug such as | 
which affects renal function only T 

















genic fractions, The p conesatration. of h g 
density lipoprotein (HDL) cholesterol, which correl te 


tion, the greater the tisk): | is lowi in these patients 1 
Thus the ratio of antiatherogenis HDL cholestero 
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FIGURE 3. The natural history of untreated essem b a 
{From Kaplan N; Clinical al Hypertension, 2ng ed. Baltimore: \ 
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With Hypertension 


Intravascular volume.!® 











rstitial renal aan ar 

< Pyelonephritis 

< Obstructive disease 

Polycystic. disease 

native renal disease (metabolic) 
POAT nephrosclerotic 


diseases producing a “pure” nephrotic syndrom nd 
jormal rena ‘function do not have hypertension as a prominent 
ue : mn 








he atherogenic low density lipoprotein (LDL) choles- 
erol is frequently low, suggesting that clearance of 
holesterol from the peripheral tissues may be impaired. 
“hese patients may also have a defect in the clearance 
if triglycerides and thus an elevated plasma triglyceride 
evel, which has also been associated with increased risk 
or coronary heart disease, although to a lesser degree 
han LDL.!5 Therefore, because patients with renal 
lisease are. susceptible to accelerated atherosclerosis 
nd to premature cardiovascular complications, therapy 
ould be aimed at favorably altering the cholesterol 
atio (or at least not making it worse) and reducing 
erum triglycerides in addition to reducing’ blood 
iressure. 









; ` Criteria for an ideal Antihypertensive 
Drugi in Patients. With Renal Impairment 


a the management of hypertension with the aim of 
verall kidney protection, there are several require- 
nts for an ideal drug. 

‘irst, we need an agent that is effective i in reducing 
i od Pressure without adversely affecting renal func- 













; second, because’ peripheral vasdedtar resistance. is 
sually increased in patients with renal insufficiency, 
rhile cardiac output remains normal or slightly ele- 
ated, we would like to have an agent that reduces pe- 
ral resistance, and has little effect on. cardiac 


d, 











‘the agent should be effective at all levels of 
- filtration rate (GFR). In this interest, the 
node of excretion should be known and, if 
 Pporopriae 'dosàge adjustments can ‘be 







tee tener So many of pe s patients are 
tiple drug regimens that it would be \ wise not to 






insufficiency. In these patients, loop diuretic drugs such 


“TABLE V. Management of Chronic Parenchy 


ffect of another agent, and vice versa. Por exeo 
e, the inadvertent addition of s ‘some nonsteroidal ae 


ol renal function in patients with Marginal or reduces 







Fifth, a main eventual aim in all these patien si 
volume expansion control, which leads to a further r 
duction in blood pressure without adverse effects on 
renal and cardiac function. The agent should be free 
from the effects: of inappropriate volume expansion ae 
which has previously been well demonstrated in classic a 
vasodilators. a 

Finally, the drug should not adversely affect other ee 
risk factors for CHD. Increases in other risk factors are 
now believed to be a major reason for the lack of impact 
of blood pressure lowering on CHD mortality and e 
morbidity. 

How do the presently available antihypertensive 
drugs measure up to these criteria? < 








Available Antihypertensive Agents 


Diuretic drugs (thiazides): These agents have. ae 
proved: very effective in lowering high blood pressure, 
when used either alone or in combination with other _ 
therapy. They tend to change peripheral vascular re- 
sistance in the right direction, but. may decrease cardiac 2 
output (through volume contraction) in some patients. 

More than any other class of antihypertensive agents 
diuretic drugs accomplish: the goal of volume expansio 
control. However, in patients with renal i impairmen 
diuretic drugs may also pose a potentially serious h 
ard. The physician should be careful not to use t 
drugs in excess, because undesirable volume contract 
and dehydration may result. This, in turn, could 
to further impairment of renal blood flow and glon 
ular filtration, thus exacerbating the underlying re 
































as furosemide, which have minimal effect on ren l 
function, are usually preferred. 

The main problems with diuretic agents lie i in the : 
biochemical side effects, particularly in their advers 
actions on serum potassium, lipids, glucose, uric a 
renin, and magnesium. Diuretic use poses a signific 
risk of spontaneous arrhythmias in patients whos 
tassium. tends to be below or slightly above 3 
liter.!” Without careful laboratory monitoring 
patient with renal disease, routine potassiu rep 
ment therapy poses local and systemic haz 
McMahon et alë has shown that many: of the 








Disease Associated With Hype ensi 


Treat the underlying disease | 
“Good control of blood pressure is a must 
Reduce salt intake : ; 
Use diuretics 
:- Thiazideš (Metolazone) : 
(ooo Furosemide ra 
- Do not volume contract the patient: 
Add standard srr reer ; 
Pn guanethidine 




















































nptomatic bleeding lesions in the gastrointestinal 
ract. Because the patient with renal disease is at equal 
r greater risk for the development of hyperkalemia, the 
„use of potassium-sparing diuretic drugs (such as spi- 
-ronolactone, triamterene, and amiloride), alone or in 
mbination with other diuretic drugs, should be 
ided. Potassium levels should be kept as stable and 
rmal as possible, especially in patients with known 
sxistent heart disease. Because so many patients are 
ware of their silently progressing heart disease, they 
y be at risk if their potassium balance is disturbed. ° 
prudent physician, in treating the hypertensive 
atient with renal disease, will take a serum potassium 
eading before giving diuretic drugs and monitor this 
mportant electrolyte often along with continuing ob- 
_servance of any change in GFR. 

| Diuretic drugs have been shown to have a detrimental 
ffect on blood lipids. Concentrations of the athero- 
enic low density and very low density lipoproteins 
LDL), as well as total cholesterol.and triglycerides, 
nay be altered and add to the risk of coronary heart 
isease. If therapy will be lifelong, as is often the case, 
e aggravation of risk factors could cancel any benefit 
‘ived from reducing the blood pressure. A 1978 report 
luck et al?° reported that chlorthalidone, furo- 
e, and mefruside increased LDL levels, with mean 
reases ranging from 8 to 15%. Other studies have 
n that-some antihypertensive drugs adversely af- 
blood lipids.2!-24 When choosing diuretics as an 
ypertensive agent, these potential adverse effects 
Id be taken into consideration. 

Beta-blocking drugs: These agents have gained 
de acceptance for their ability to control hyperten- 
n. However, by blocking the beta receptor in the 
sculature, beta- blocking drugs tend to increase pe- 
ral resistance, which is the opposite of the effect 
shes to achieve in ‘the hypertensive patient.” 
aatically, this becomes quite obvious in pa- 
th Raynaud’s disease, peripheral vascular oc- 
isease, or even in other patients in cold cli- 
Patients may report cold, painful, or tender feet 
because of impaired peripheral circulation. 
mechanism by which beta-blocking drugs reduce 
„pressure seems to be related to their ability to 
cè the release of renin from the kidneys and to 
ficantly lower cardiac output. The reduced cardiac 
“may present a number of problems (except in 
with a hyperdynamic circulation, in whom such 
might be beneficial). For the patient with 
al function, decreased cardiac output 
ed kidney perfusion. Thus, renal blood 
lasma flow, and glomerular filtration are 
s adverse effects of some beta-blocking 








Beta locking drugs share with diuretic agents some 
adverse lipid, glucose, and.uric acid effects. Most 
nonselective beta-blocking agents increase 
Tides or lower HDL cholesterol, or both.27-5 The 
dy,2’ designed to evaluate the long-term drug 
of nromplicated mila hypertension in 





ríde substitutes are associated. with « erosion and 




















middle- aged? men, fund that propranolol red 
antiatherogenic lipid fraction HDL by 13%, 
serum triglycerides by 24%, and worsened the choles 
terol ratio by 15.2%. A study in Montreal? noted tha 
both metoprolol and propranolol increased the 
terol ratio. These effects may partly explain the co 
tinuing unchanged incidence and mortality from CHD 
especially when beta-adrenergic blockade i is com ji 
with diuretic drugs. . 

In addition, beta-a: drobetgic blockade is co 
cated in 25 to 30% of patients with hyperte’ 
cause of adverse effects on bronchial asth 
heart failure, advanced degrees of heart blo 
eral vascular disease, sinus bradycardia, | and i 4 
dependent diabetes mellitus.? 

It should be pointed out that beta- blocking drug 
useful in patients with classic angina pectoris, 
with a hyperdynamic circulation, in certain ty; 
supraventricular arrhythmias, and as protectio: 
infarction. Like all nondiuretic agents, beta-bl 
drugs cause fluid retention, though not as extensi 
as certain vasodilators and central-acting drugs. 

Prazosin: Contrary to the action of beta-blockin 
drugs, prazosin, a selective postsynaptic. alpha-adrer 
ergic blocking agent, does not increase peripher: 
cular resistance and does not impair peripheral irc 
lation. In fact, it reduces total peripheral resis 
Moreover, prazosin does not adversely affect rer 
function, and indeed may actually improve it in somi 
patients: These 2 factors make it attractive for use 
patients with renal disease. 

Prazosin does not have many of the unwanted he 
modynamic and metabolic side effects of other anti 
hypertensive drugs. It effectively reduces blood pressur: 
without significantly affecting cardiac output or hear 
rate. As we have just pointed out, prazosin decrease, 
peripheral vascular resistance. It does not have an ad 
verse effect on potassium and does not lead to hazardou: 
hypokalemia, nor does it cause elevations in blood glu 
cose or uric acid, making it suitable for diabetic. subject 
and patients with gout. : 

Prazosin does not adversely affect the lipid proil 
which is a critical attribute for patients with renal dis 
ease, The Oslo Study?’ also compared prazosin \ 
propranolol and found that prazosin had no adve 
effect on blood lipids: 

Prazosin may cause fluid retention in some pati 
but not to the extent of the classic vasodilators. 
dralazine and minoxidil) or the central-acting ag 
(methyldopa and clonidine). Prazosin makes it pos 
to attain control of blood pressure in a significant 
centage of the population, even when administer 
low doses. There is a less than 1% incidence of syncop 
when prazosin is administered in a low initial dost 
mg, 2 or 3 times daily).?® Whether or not a patient v 
experience syncope depends both on initial dosage anı 
on volume contraction. Syncope can be avoided in mos 
cases by using the drug as initial therapy, before: di 
drugs are administered. fe 

Other antihypertensive agents: Because of 1 
blesome, symptomatic side effects, central- « 




























pheral-acting adrenergic drugs sucn as methyldopa 
id reserpine are not used as often as they were before 


ie advent of beta-blocking drugs. (However, clonidine - 


an exception.) Beta-blocking drugs seemed preferable 
scause they did not cause as many or as serious central 
ervous system effects (dry mouth, depression, sexual 
ysfunction, and so on). These drugs, especially cloni- 
ine, are effective blood pressure lowering agents with 
ytency equal to that of the other agents discussed.” 
hey may be used in patients with normal as well as 
apaired renal function. oy 
The classic vasodilators (hydralazine and minoxidil) 
roduce a hyperdynamic circulation, with the possibility 
‘angina and myocardial infarction in susceptible 
arsons. Therefore, they require the use of a beta-ad- 
mergic blocking agent to counter some of these effects. 
ittle is known about the lipid effects of these vasodi- 
tors. They also produce significant fluid retention 
hen used alone. Prazosin, however, although it is also 
vasodilator, avoids some of these problems simply 
acause of its different mechanism of action. 

Another type of vasodilator, captopril, acts through 
ill another mechanism. This agent inhibits the con- 
ting enzyme that controls the production of angio- 
nsin II, a potent vasoconstricting agent, thus lowering 
ie amount that reaches the peripheral vascular smooth 
uscle cell. Although captopril does cause peripheral 
iscular resistance to decrease, it has led to such renal 
mormalities as proteinturia, decreased renal function, 
ie nephrotic syndrome, and membranous glomerulo- 
»phritis. Therefore, in patients with renal impairment, 
would seem more appropriate, when possible, to use 
1 agent suchas prazosin that does not adversely affect 
omerular filtration or renal blood flow. > 
Conclusions: Patients with impaired renal function 
'e particularly susceptible to the ravages of hyper- 
nsion, even when it is only mild. The 2 primary aims 
‘therapy in such patients are to protect their renal 
inction and prevent or delay the atherosclerotic pro- 
gs, which in these patients may already be accelerated. 
his, in turn, sets 2 main requirements for an ideal an- 
hypertensive agent in patients with renal insufficiency: 
should not unfavorably affect the lipid profile, nor 
rther impair an already inadequate renal function. 
dditional criteria to keep in mind are the same as for 
her hypertensive subgroups. Sages 

Of the available drugs, diuretic and beta-blocking 
'ugs fail to meet the basic criteria entirely. Central- 
id peripheral-acting adrenergic drugs also fall short 
use of symptomatic side effects. Due to its lack of 
rse effects on lipids and on renal function, only 
sin, among the antihypertensive drugs clinically 
today, seems to fulfill these 2 main require- 
ddition, prazosin lacks most of the metabolic 
emodynamic adverse effects of other antihyper- 









tensive agents and, Lneretore, should be considered a 


logical choice for first-line therapy in patients with mild _ 
to moderate hypertension, with or without renal im- 
pairment. © oe 
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DR. GUNNELLS: As moderator, let me address the 

st question to Dr. Kaplan: One of the aims of this 
symposium was to look at initial antihypertensive 
erapy and examine some of the controversies sur- 
ding the widespread use of diuretics. We also 
to consider other methods of treatment, and in 
icular to look at prazosin as a possible alternative 
n initial therapeutic agent. Would you care to 
comment about physicians’ patterns in choosing anti- 
hypertensive drugs, the rationale behind their choices, 
and where you think we stand at present in the selection 
of the initial agent to treat primary hypertension? 


- DR. KAPLAN: We all grew up with the idea that 
. diuretics were effective, that they were the easiest to use, 
_and the least expensive agents. Effectiveness is one 
int that needs to be reemphasized since it has not 
en adequately stated. There is little difference, as far 
therapeutic effectiveness is concerned, when one 
at careful comparisons between a diuretic in a 
onable daily dosage and any of the other drugs, in- 
ing reserpine, methyldopa, clonidine, prazosin, and 
rious beta-blocking agents. They all seem to have 
tthe same effect on blood pressure. 
general, therefore, the attitude has been that a 
gle morning dose of a moderate to long-acting di- 
iretic agent would be appropriate for beginning ther- 
However, with the hazards and potential problems 
liuretic therapy—-which we all assume to be partly 
ponsible for the lack of: improvement in coronary 
ease that has been reported in most of the large 
eutic trials—the idea of using alternative drugs 
have awakened a great deal of interest. I would 
that, in the future, increasing numbers of pa- 
particularly those with mild hypertension, are 
to be treated with one of the alternative drugs. 
to which alternative drug it will be, obviously we 
lessed with multiple choices. Many physicians have 
ig beta-blocking agents. However, I believe we 
r a certain concern about their negative effects 
lipids, aside from the fact that probably 25 to 
ll hypertensive patients have specific con- 
cations to the use of beta-blockers. 
in has an additional attraction in that it does 
to adversely affect lipid levels, In addition, 
eoretical advantage in that it lowers the 
eral resistance, whereas beta-blockers in- 
t least initially. Since high peripheral resis- 
he hemodynamic hallmark of most essential 
nsion, everyone would prefer that it be dimin- 
her than increased. 
rmore, in cold climates, many people notice 
‘emities and have difficulties with their pe- 
irculation while on beta-blocking therapy; that 
ypear to be true with the use of prazosin. 
forese a continued i increase in the u use of 










































Roundtable Discussion 
Moderator: J. Caulie Gunnells, Jr. 






drugs other than diuretics for initial therapy, and 3] 
cifically I see this asa. very logical place for thet inc 
use of prazosin. mes 

The possibility of reactive volume reter 
can happen with any of the nondiuretic dru 
of the reasons diuretics are often chosen 












pri 
the kidney 1 tends to retain fluid. This makes it 
to institute a moderate restriction in dietary sod 
the first step in therapy; if drugs need to. 
moderate restriction in dietary sodium become 
more important. 


DR. CUTLER: I. agree with what Dr. Kaplan h 
said. My feeling is that some education will bet 
to make physicians fully aware that other drugs do 
have flat response curves like the ditretes, e and tl 
need to be titrated to get maximal benefits. 


DR. GUN NELLS: ‘That’s a good point. Di ur 
have always been easy to use, and we all like t 
the easiest possible way. However, we have a res 
bility, based on an examination of the availabl 
to reeducate ourselves and other physicians. This shot 
be a thinking process, not a conditioned reflex. _ 

Among the problems that everyone has m: 
regarding diuretics, a frequent and difficult p 
that of potassium depletion and its sequelae. 


DR. OKUN: This isa complex i issue. Let meg 
a step and say that, as we have heard repeate: 
uretics have in the past been the fi rst-line dr 
think this is going to change, and that we will se 
cline in the use of diuretics, particularly i in vie 
data Dr. Ames and his co-workers have obtaine 
studies have added to this disquieting discrepanc 
results between improvement in cerebrovascula dis 
and very little, if any, improvement i in coronary dis 
despite blood pressure reduction. Lam beginning tc 
rather strongly that this may be due to a less thai d 
choice of medication: ; 

In the past, one of my choices has often heer: 
sodium restriction with the use of diuretics—prim: 
thiazide diuretics. I will have to rethink such an 
proach very seriously, because the risk- bene 
early diuretic therapy has now shifted to t 
where such therapy is no longer appropriate fo 
number of patients. 





































literature i in 1 the past few years care the risks 
even what was once considered modest hypokalem 
Some work indicates that there is indeed a signifie ice 
risk of spontaneous arrhythmias in persons 
tassium levels tend to drop below 3.0 mEq 
witnessed some of these spontaneous 
which do reepond to potassium replacem 


















HEEL UALS EVADA MI AU PIGUCHICIEL VERY CALLY HA PAULO: ; 


who are beginning diuretic therapy; if they are on a_ : 


digitalis preparation, we institute administration of 
potassium immediately. The obvious reason is to avoid 
aotentiating the toxic effects of digitalis. However, we 
aave problems in patient acceptance of potassium 
supplements. In view of the data generated recently by 
McMahon and his group at Tulane, it seems that many 
of Me poasiùm chloride substitutes that we have been 





y a "measurement that is not ‘available. to most 

"ians, but:can be approximated by a serum potas- 
sium determination, The use of drugs such as prazosin 
w l probably make treatment much easier since there 
is no adverse effect on potassium levels at all. 


. DR. COLUCCI: Cardiologists have always been 
mpressed with the importance of a potassium level that 
s as stable (that is, free of large fluctuations) and as 
aormal as possible, especially in patients with coronary 
artery disease. The data from the MRFIT study. are 
‘elevant in this connection. The increased mortality rate 
n patients with preexisting electrocardiographic ab- 
iormalities who were aggressively treated with diuretics 
Nas impressive and reinforces the bias of many cardi- 
ogists that it is important to maintain adequate serum 
ind total body potassium levels, especially i in patients 
with preexisting heart disease. 





DR. GUNNELLS: To summarize, most. people 
vould consider potassium depletion with diuretics a - 


sotential problem because hypertensive patients have 
n unknown amount of coronary heart disease, which 
laces them at risk even with minor alterations in po- 
assium levels. The usual physician is more likely than 
iot. to give potassium supplements when using diuretic 
gents. This adds to the expense, to the possibility of 
ompliance problems, and to a need for more frequent 
aboratory tests in patients with hypertension. 

Inthe MRFIT study, thiazides, propranolol, meth- 
‘Idopa, hydralazine, reserpine, and guanethidine were 
ll used. If one looks at the conclusions on mortality 
rom coronary heart disease, none of these drugs seemed 
o have much of a beneficial effect. Could it be related 
o the hemodynamic and metabolic actions of these 
lrugs? Or is there something else in that study that 
night throw some light on this issue? 












don’t know why the patients treated with diuretics 
ntihypertensive therapy did not do as well as we 
iad anticipated. Although there was an equal number 
f deaths in the special intervention group and the usual 
‘are group, we don’t know the details, Were these sud: 
len deaths, or were they deaths of individuals with 





locumented myocardial infarction? This would be _ 


mportant to know, because if they were sudden deaths, 


vithout definite evidence of coronary disease or myo- on 
ardial infarction, they miglit have e an electrical origin 


: problem are the lipid effects of diuretics and bet 
_ blockers, and how does prazosin come out i in compa 


R. AMES: Tean only speculate in this regard. We | 


in an adverse way by increasing the low den: 


-` prazosin and other drugs, prazosin looks bett 
aoe it dogan | t seem to o have any adverse effects « o 


A CUUAIGR  G MCLE KIRLAR GEVARE UUA GINS LRA TAEPA VA QUO LUDO LC EIVA oc 


plaque. We need more information. The changes i in 
lipids that may have occurred during therapy have not 
been looked at in great detail either, sọ that also remains 
speculative- I do know that at the 4-year interval, pa- 
tients in the MRFIT trial who received antihypertensive < 
therapy, specifically diuretic therapy, did not show as 
large a decrease in total cholesterol or triglycerides as.__ 
the patients who had not received diuretic treatment. 
Diuretics thus appeared to counter the reduction in. 
cholesterol that had been anticipated. The failure of © > 
cholesterol to decrease as much as expected in the hy- 
pertensive SI group could have lessened the mortality = 
differential in comparison with the hypertensive UC oe 
group. Still, the hypertensive SI group had, in absolute 
terms, both lower blood pressure and lower total cho- 
lesterol than the hypertensive UC group throughout the _ 
program. The lipid hypothesis, therefore, does not seem __ 
to explain fully the failure of SI men to do better. Per- 
haps differences between SI and UC men in glucose _ 
tolerance or frank diabetes related to high-dose diuretic — 
therapy could contribute to mechanisms causing the i 
unexpected equivalence of CHD mortality in hyper- 


tensive SI and UC men. These suggestions are inter- 


esting but remain speculative. More detailed analyses 
of the MRFIT data are needed. ` 


DR. GUNNELLS: We have talked a great deal. about 
lipids this afternoon. This could be an important factor 
in connection with the problem of coronary heart dis- 
ease and atherosclerosis in all hypertensives. If were 
going to embark upon drug treatment, how much ofa 








ison? 


DR. CUTLER: This is obviously a controversi: 
You can’t get 10 physicians together who will : agree on 
that particular point. What we've talked here is taking on 
data that are currently extant or being developed and __ 
comparing them with data from the past, namely the 
Framingham study, for the purpose of risk-fact 
culation. The large clinical trials that we've talked abo 
today have given us some food for thought, but they 
haven’t truly answered the question for us. And it’s not 
likely we will have the answers very quickly. ALL 
suggest at the present time is caution, in vie 
correlations: that: have. been established in. 
through epidemiologic methodology. The m 
say at this point is that antihypertensive a 
increase cholesterol and perhaps change thi 















and decreasing the high density ones may h 
verse effect on coronary heart disease. The unde 
and conditional word is may. We won’t know 
until such studies are done, But in the meanti 
Stamler. and others have said, the appropri 


prudent course of treatment is to implement dietary y 


changes and to use drugs that do not have an adverse 
effect on lipid metabolism. As for a comparison between _ 
because o 


























































verse effects that we ‘believe may be atherogenic. 


DR. GUNNELLS: Another important issue is that 
ve seem to be in an exercise-oriented society. I’m con- 
‘antly dodging joggers and bicycle riders on my way to 
he hospital. The use of drugs, specifically the beta- 
blockers, as first-line therapy in the physically active 
tient may be limiting. These agents have been advo- 
for the younger hypertensive patient. In these 
ents, the effect of the beta-blocker on the ability to 
ercise can often be an important side effect. 


DR. COLUCCI: Clearly; beta-blockers have multiple 
‘ects on the blood pressure, and the overall result is 
combination of these effects. As I mentioned very 
briefly during my presentation, the beta-receptor i in the 
vasculature, although frequently overlooked, is an im- 
rtant receptor. When it’s blocked, the total peripheral 
resistance increases. This becomes clinically obvious 
when one treats a patient with. Raynaud’s disease or 
peripheral vascular occlusive disease, or just living in 
old climate. So we know that beta-blockers have an 
effect on total peripheral resistance that is the opposite 
of what we would want for an antihypertensive agent. 
f the mechanisms by which beta-blockers lower 
d pressure is through their reduction of renin re- 
ase. They also tend to have effects on the heart. Car- 
ut is diminished, and this may also contribute 
antihypertensive effect. In addition, beta- 
ockers seem to havea central effect, perhaps by re- 
ducing central sympathetic outflow. There may be other 

echanisms, but it is somewhat paradoxical that 
lockers were the first of the selective adrenergic 
gonists to be used in hypertension, inasmuch as 
do not seem to improve the main underlying 
lem in most primary hypertension, which is in- 
total peripheral resistance. The ability to ex- 
imally is clearly decreased by beta-blockers. 
his is because the maximal heart rate is fre- 
lower, and therefore the maximal cardiac work 
done is less. Beta-blockers may result in 
d fatigue, which may be related to this de- 























KUN: Our experience actually goes a little 
ond that. Many youngsters who had been placed on 
a-blockers for borderline or very mild hypertension 
ome to us later for other therapy because they 
d they couldn’ t exercise even to less than maximal 

jogging, tennis, and so on. They found 
n difficult straits. Some animal data indi- 
opranolol in particular will strikingly de- 
al muscle blood flow. This may be another 
sm for the easy fatigability. 


DR. GUNNELLS: I'd like to set forth some of the 
es we might all agree are useful or favorable in an 
hypertensive agent and see how they fit prazosin, 
diuretics, and the beta-blockers. First is effective- 
m what we've heard here, most antihyperten- 
have equal effectiveness. In equipotent doses, 
clive as a. dingetic or.a beta-blocking 





kuretis! seem to be more consistenti in producing ad- 





































look at hanapan and side effects: ‘Prazosin 
modynamic profile is a rational, reasonable, and ¿ 
propriate one, relative to the underlying defect in p 
mary hypertension, namely increased. peripheral v 
cular resistance. Prazosin is free from the biocher 
side effects that most. of us have raised questions abo 
On the other hand, concern n has been expressed ab 
oP. 


prazosin do not have to worry, ‘about lowe 
potassium or increased uric acid levels. E 


1t p ay 

effects on lipid metabolism: ‘Another favorable featr 
of prazosin is its low incidence of sexual dysfune 
although some has been reported.. i 

Having said all that, I would then conclude: 
prazosin, as compared with diuretics and beta blocke 
is an appropriate agent for consideration as init 
therapy in mild or moderate hypertension. © 


DR. OKUN: | agree with you, and I have 2 comme 
to make. First, I feel very strongly that correction of 
pathophysiology of essential hypertension, normali 
tion of the increased peripheral resistance, is a ma 
benefit of prazosin and one that exists without 
major counterbalancing effects in other areas. I hav 
seen this with any of the other drugs. ‘That, to me, i 
very positive aspect of prazosin. Second, | also feel 
strongly about using prazosin more as initial th 
along with a sodium-restricted diet. I think prazosit 
be highly successful in controlling blood pressure i 
great many patients without worsening Tahe ( 
edge of the sword, so to speak: 


DR, COLUCCE: As Dr. Kaplan pointed out, giv 
the choice of a number of drugs which have the 
endpoint, namely the lowering of hypertension, the 
is now on the physician to choose the drug that w 
safest in the long run. I certainly would be careful i 
choice of agent. Clearly, of the agents currently availa! 
prazosin is the most specific in terms of pathoph: 
logic effects. Selective alpha blockade makes more se 
than beta blockade or other more generalized metho: 
of adrenergic suppression. 

A question usually arises about prazosin 
regard to orthostatic hypotension and syncope. T 
overall incidence of syncope with the first dose of p 
zosin is about 0.1 to 0.2%, if one looks at a large series o 
patients and totals up the results. The incidence ina 
particular study will depend on a lot of factors. One 
the factors identified as important was the dose of 
drug used during the first administration. It is ree 
mended that therapy be initiated with a 1 mg dos 

Another important factor in determining whethe 
patient will have a syncopal or orthostatic reaction t 
the first dose is volume status. Patients who are volt 
contracted, whether because of diuresis or other reaso: 
are much more sensitive. This is presumably due t 
lower initial venous filling pressure in these patients 
The venous dilatation effects of prazosin then may re 
sult in a further decrease in preload. = 7 

In the hypertensive patient without heart 
when diuretics are withheld, syncope is rare. In 





worn? DAE ME MAMAE WNN, 
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3c a > with a lower dee a pe none ve Seven: 


ymptoms, and only 2 had mild dizziness. Therefore, 
icking a low dose and avoiding diuresis are probably 


16 | ma thing the paysan! can do to a this ; 








n as when the faa is aeda asa aep 2 oi 
speculate that we would not, and therefore this would 
r good reason to consider prazosi as initial 





DR. GUN NELLS: With diuretic genis we still have 
1e problem of potassium depletion and other effects 
ot associated with prazosin. Among the antihyper- 
msive drugs for which data are available, the treatment — 
ic effec- 


rofile of prazosin—side effects and thers 
veness—is extremely favorable. The: 
‘avery reasonable and rational drug asi 
hypertension. I think it is fair to say the: 
ment on this among the panel members, and we 







f just prescribing as a reflex. 


DR. CUTLER: We've talked a lot about step ther- 
py, but we should place it in perspective. It was very 








; We have | now reached the point where th 


r choose more appropriately, depending on the patien 
he | 


treating a parila p pa i ee 


ing whether patients with mild hypertension sho 


~ way to treat them when drug therapy is chosen 


ne aired on = specific agent. We have discussed th 


: (such as blood teed levels) for at least 1 Zondi 


Bon to fit a profile of an appropriate agent for the i in 
a general -treatment of hypertension. _ 
ree it is appropriate that we reexamined past 


ractices and began to ask ourselves questions instead with hy pertension, we cannot wait until they reach 


complicated therapy with greater likelihood of 







\dvent of diuretics, reserpine, 


a favorite 6 postauranit, we probably need to P and 






re ae at hand, ve can no longer deal impl 














DR. 3 UNN ELLS: To summarize, we're no 
treated with drug therapy; but rather what is thi 


to provide | the greatest benefit with the lowest r 
However, in discussing a new concept of therapy that 
provides an alternative to the traditional diuretic ap- _ 

proach to initial therapy, a great deal of data are re- 























antihypertensive agent, namely prazosin, and it : ap 


If we are to make significant inroads inte popular 


point of target organ damage or of severe de: 
blood pressure, which will require more intens 


fects and less than ideal control. 
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HYDROCHLORIDE TABLETS) 








prescribing, please see ful prescribing information. 
| Summary follows. 


XO longed administrati ion of Soana Shen leads tothe deveio. 
ofa positive antinuclear antibody (ANA) test with or without symp- 
of lupus erythematosus-like syndrome. Ifa positive ANA titer 

lops; the benefit/risk ratio rélated to. continued procainamide therapy 
id be assessed, This may necessitate consideration of alternative 
rhythmic therapy. : ; 


\TIONS AND USAGE: Oral PI EE is indicated in the treatment » 
ventricular contractions and ventricular tachycardia, atrial fibril. 
aroxysmal atrial tachycardia. . 












in patients with myasthenia gravis. Hypersensitivity to the drug i isan, 


een must be borne in mind,.Procainamide should’ not be adminis- 
ypatientsy with complete atrioventricular heart block. Procainamide is 
ntraindicated in cases of second-degree and third-degree A-V. block 
an electrical pacemaker is operative... 
AUTIONS: General — During administration of the drug, evidence of 
go myocardial responses should be carefully watched for in all 

sin the presence of an abnormal myocardium, procainamide may at 
iroduce untoward responses. In atrial fibrillation or flutter, the ventricu- 
may increase suddenly as the atrial rate is'slowed. Adéquate digitali- 
‘educes, but-does not abolish. this danger. if myocardial damage 
ventricular tachysysto! eis. particularly hazardous; Correction of atrial 
ion, with resultant forceful contractions of the atrium, may cause a dis- 


yentof mural:thrombi and produce an embolic: episode, However, ithas.. 


uggested that ina patient who is dlready discharging emboli, pro- 
tide is more likely to stop than to aggravate the process: 

npts to adjust the heart rate.in a patient who has developed ventricular: 
ardia during an occlusive coronary episode shouid be carried out with 
e caution. Caution is also tequired in marked disturbances of atrioven- 
conduction such.as.A-V block. bundie branch block, or severe digi- 
oxication; where the use of procainamide may result in additional 

sion of conducti ion and ventricular asystole or fibrillation. 

patients with severe organic heart disease and ventricular. tachy- 
also have complete heart block, which is difficult to diagnose. -< 
hes circumstances, this complication should always.be kept in-mind 





‘eating ventricular arrhythmias with procainamide. lf the ventricular fate © 


ficantly slowed by procainamide without attainment of regular atrioven- 

cenduction; the drug should be stopped and the Patient 1 reeva uated, 

systole. may result under these circumstances. 

tients receiving normal dosage. but who have both liver and i xidtiey 

a. symptoms of overdosage (principally ventricular tachycardia and 

hypotension) may occurdue to drug accumulator.: 

Nees of a syndrome resembling lupus erythematosus have been 

idin connection with maintenance procainamide therapy. The mecha- 
‘this syndrome i is uncertain. Polyarthraigia: arthritis, and pleuritic.pain 

nimon symptoms: tod lesser extent. fever, myalgia. skin lesions. pleural 

3 and pericarditis may occur: Rare cases of thrombocytopenia or 

1$-pdsitive hemolytic anemia have been reported which may. be related 

syndrome. 

itory Tests— Patients receiving procainamide for extended periods of 
tin whom symptoms suggestive of a lupus-like reaction appear, should 

atinuclearantibody titers measured at regular intervals. The drug 

be discontinued if there is a rising titer (antinucleat antibody) or clinical 

ims of LE appear. The LE syndrome may. be reversible upon discontin- 

of the drug. If discontinuation of the: drug does not cause remission of 

Yploms, steroid therapy may be effective. if the syndrome develops in... 

n wit recurrent’ life-threatening arrhythmias not controllable by other 

ic agents; steroid suppressive therapy may be used concomi:: 

vith rocainamide. {tis recommended that tests for lupus erythema 

fried out at regular intervals. in patients receiving mainendnce: 

ide therapy. 

lood counts are advisable during maintenance procainamide 











351 REACTIONS: ‘Agranulocytosis ! nas occasionally follawed the soe 
2d use of the drug, and deaths have occurred. Therefore, routine blood 
are advisabl e during maintenance procainamide therapy, The patient 


_ PARKE-DAVIS 


oo of Warner-Lambert Capa 
: New Peo 97950 ; 





_ Morris Plains, 





“unexplained fever, or any symptoms of upper respiratory tract infection. If any 


“Jar rash have also occurred, 


INDICATIONS: It has been suggested that procainamide be contra- 


sea, urticaria, and/or pruritus, fd 
_. Reactions consisting of fever and chills have also been reported, including 


: hepatomegaly ly. and arise in serum glutamic oxaloacetic transaminase fol low: 


“possibility of such untoward effects should be borne. in mind: 


‘chloride is recommended until the tachycardia is interrupted or the limit of t 


si tinued with Procan SR. 
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Should be ingtructed to report any soreness of the mouth, throat, or gums, 





of these should:occur, and leukocyte counts indicate cellular depression, pro- 
cainamide therapy should be discontinued and appropriate treatment should i 


“pe instituted immediately. 


‘Hypersensitivity reactions, suchas angioneurotic edema and macu lopapu: : 





A syndrome pening lupus: erythematosus has been reported (see 
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ing single: doses of the drug. Bitter taste, diarrhea, weakness, mental depres: 
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DOSAGE AND ADMINISTRATION: Procan SR (procainamide hydrochio 
ride) tablels are a sustained-release product form. The duration oftaction of 
procainamide hydroch loride supplied in this sustained-release product form: 


E allows dosing at intervals of every six hours instead of the more frequent : 


every- -three-hour dosing interval required for standard'preparations of oral. - 
procainamide hydrochloride: The convenient six-hour dosing schedule. ma an 
encourage patient compliance. ; 

Ventricular. tachycardia— Treatment with standard procainamide hydro- 




















erance is reached. Maintenance may then be continued with Procan SR 
“The suggested dosage is as follows: An initial. dose of 1 g of standard p 
cainamide tiydrochloride followed thereafter by a tofal daily dose of 50 mq, 
of body weight given at three hour intervals. The suggested orat dosage for 
premature ventricular contractions is 50 mg/kg of body weight daily given w 
divided doses at three-hour intervals. 
The suggested maintenance dosage of Procan SR is 50 mg/kg of body 
ee daily given in divided doses at six-hour intervals. 
Although the dosage for each patient must be determined on an indivi 
basis, the following may be used as a guide for providing the total daily dos- 
age: patients weighing tessthan 55 kg {120 Ib). 0.59 every six hours, pat : 
weighing between 55 and 91 kg (120 and 200 Ib). 0.75. g every six how = : 
patients: weighing’ over 91 kg (200 lbj; Tg every six hours. 
Atrial fibrillation and paroxysmal atrial tachycardia — Tieatment with: : 
standard procainamide hydrochloride is recommended until the arrhythmia i is. 
interrupted or the limit.of tolerance i is reached, Maintenance may then be cone E 








The suggested dosage is.as follows. An initial dose of 1.25.g of standard 


oo procainamide hydrochloride may.be followed in one hour by 0.75 gifthere 
-have been no elactrocardiographic changes. Standard procainamide hydro- 


chloride may ther be given at a dose-of 0:5 to1.g every two Hours until inter ae 
ruption of the arrhythmia or the tolerance limitis reached. Sy 

The suggested. maintenance dosage for Procan SR is.1.g every six hauls 

if procainarnide therapy is continued for appreciable: periods, electroc: i 
diograms should be made occasionally to determine the need: for the: di 
HOW SUPPLIED: Procan SR'250 mg (green, film-coated tablet. D? 
available if bottles of 100 (N.0071-0202-24) and in unit-dose packages of 100 
(10:'strips.of 10: tabi ets each) (N.0071-0202-40). Each sustainediielease tablet 
contains 260 omg Pincananide Abidin : 
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` $torage—-Protect from moisture. Store bottles below 8¢ 
Store unit-dose packages at controlled | room tempera 
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Each capsule contains 50 mg. of 
Dyrenium® (brand of triamterene ) 
and 25 mg. of hydrochlorothiazide. 


Dyazide® is a trademark of SK&F Co. 


When You Need to Conserve Kt 


SKS&F CO. 


a SmithKline company 
Carolina, P.R. 00630 


Serum K+ and BUN should be checked periodically (see Warnings). 


Before prescribing, see complete prescribing information in 
SK&F CO. literature or PDR. The following is a brief summary. 
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Contraindications: 
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to either 
Warnings: Do not use potassium supplements, dietary or 
otherwise, unless hypokalemia develops or dietary intake of 
potassium is markedly impaired. !! suppler lary polassium i 
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Adverse Reactions: M 
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Cordis Sequicor 6 | 


Automatic DDD Cardiac Pacer 
with Retrograde Conduction Protection 


Adjustable Atrial Maintains full DDD function 
Refractory Periods while avoiding synchronization 
with retrograde conduction. 


Automatic DDD Mode Allows A-V synchrony 
to be maintained for maximum 
hemodynamic benefit. 


Four Programmable Optimizes ventricular filling. 
A-V Delays 


corals. 


© Cordis Corporation1982 Post Office Box 525700 Miami, Florida 33152-5700 U.S.A. Telephone: 800-327-2490 


AT 


"DDD, DVI, DAD, 


Minimum Pacing Rate, (interval) 50. (1200), 60 (1000), 70 (857), 80 (750) 
Maximum Pacing Rate (interval) 100 (600),.130 (461), 180 (375), 180 (333) 
Atrial Sensitivity, (mV) 0.8, 1.5, 7.0, OFF 
Ventricular Sensitivity, (mV) 0.8, 1.5, 2.5, OFF 
rial Output Pulse Duration, (ms) OFF 0.5, 1.0, 1.5, 
Ventricular Output Pulse Duration, (ms) 0.5, 1.0, 1:5, 2.0, 
AIV Delay (ms) 80, 120, 165, 250 
Atrial Tachycardia Response Fall Back, 2:1 Block 
Fall Back Rate (interval) 55 (1.090), 65 (932), 75 (800), 85 (706) 


Sequicor Refractory Periods sek Aiar 


tal ANV 
Voniicúlar Programmed Follow 
Retr: Delay Ventricle Pulse 
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Important information — Sequicor, Models 233D and 233E 


indications and Contraindications 
he medical literature describes currently accepted indications for various pacing 
modes. The physician's clinical experience and judgment must ultimately be the guide 
i selecting the pacing mode best suited to the patient's needs. The physician should 
ie thoroughly familiar with the pacing mode chosen. 
Pacing of the ventricles {VVI is indicated for control of heart rate in patients with A-V 
lock or sick sinus syndrome. Asynchronous pacing is contraindicated when 
inherent activity is present or is likely to be present in the chamber being paced. 
‘here are no other known contraindications for ventricular pacing to control heart 
‘ate 
trial-synchronized ventricular pacing (VDD) is indicated for permanent or 
intermittent complete heart block with normal atrial rhythm. A-V sequential (DVI 
lacing is indicated for permanent sinus bradycardia with or without heart block. 
tomatic dual-chamber demand pacing (DDD) is indicated when there is an A-V 
onduction disturbance and/or sinus mode dysfunction (sinus bradycardia with A-V 
lock or bradytachy syndrome). These atrial pacing modes are intended tor patients 
who would benefit from the restoration of atrial contribution to cardiac output. 
triab-synehronized ventricular pacing and automatic dual-chamber demand 
acing modes are contraindicated for use in the presence of persistent atrial flutter 
r atrial fibrillation. VVI mode is recommended for these conditions. 
cautions 
ig Sequicor pacers may respond to programmers of other manufacturers. 
Because of the unknown nature of such response, use only the Cordis Omnicor 
'rogrammer, Model 222C (with the 222C-8 control panel card), the Cordis 
grammer tl, Model 225A or the Cordis interactive Programmer, Model 256A for 
feprogramming. 


è 
Adverse Effects 
allowing list includes a number of complications related to pacer therapy that 
been reported in the medical literature. Noninvasive techniques tor assessing 
managing such complications are available to the physician. Malfunctions occur 
domly.and may occur at any time after implant. Complications associated with 
er therapy are listed below. 
Sr: battery depletion, component malfunction, electromagnetic interference, 
sed sensitivity. 
unsatisfactory electrode position, fracture, displacement, penetration/ 
oration of heart wall, faulty connection with pacer. 
it reaction, infection/erosion, increase in stimulation threshold. 


ofore implantation; refer to pacer Instructions for Use supplied with the pacer, 
ution: : Federal {U.S.A} law restricts this device to sale by or on the order 
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Author-Editor-Reviewer: 
How the Triumvirate Is Working at the AJC 


An author submitting a manuscript to be considered for publi- 
cation in a medical journal deserves to know how the manuscript 
will be evaluated by that journal. This piece describes the pro- 
cess as it now works at the AJC. 

Early decision by editor only or thorough evaluation by 
out-of-office reviewers: Once logged and given a number, each 
manuscript is given to the Editor-in-Chief, who asks 4 basic 
questions as he reads it: (1) Is the subject of the manuscript 
appropriate at this time for the AJG? (2) Would the manuscript 
have wide or narrow appeal to the readers of the Journal? (3) 
Does the manuscript represent scientific quality? (4) Is the 
subject of the manuscript presented clearly and succinctly? 

If the manuscript is considered inappropriate for the Journal, 
of insufficient interest to its readers, of obviously poor scientific 
quality, or poorly presented, it is returned immediately to the 
author with a statement that it is unacceptable for publication 
in the AJC. For manuscripts rejected solely on the basis of poor 
presentation, a request for reconsideration might be granted 
provided the manuscript is thoroughly revised. During my 9- 
month tenure as Editor, about 10% of submitted manuscripts 
have fallen into this immediate-reject category. This prompt 
decision allows the author to send his manuscript elsewhere or 
revise it without delay. Furthermore, it prevents having reviewers 
provide reviews simply to justify an editor's decision that already 
had been made. Although such an early decision by the editor 
may not engender friendship from the submitting author, it 
conserves the time and energy of all parties involved. 

About 5% of manuscripts submitted are reviewed solely by 
the Editor; a rare one is accepted virtually without change, and 
his suggestions for improving the other manuscripts are returned 
to the authors immediately. If appropriate changes are made or 
if appropriate explanations are provided as to why changes were 
not made, the revised manuscript is accepted. 

The remaining approximately 85% of manuscripts are sent 
out of office to be reviewed by 2 or more editorial board mem- 


bers or nonboard consultants. Some manuscripts, particularly 
potentially controversial ones, may be sent immediately to 3 
rather than 2 reviewers. 

Selection of reviewers: A major editorial decision in the 
manuscript-evaluation process is the selection of the most ap- 
propriate reviewers. Many submitting authors now participate 
in this decision (see the From-the-Editor column, July 1982, page 
A3), but the final selection is made by the Editor. When sub- 
mitting authors request that their manuscript not be reviewed 
by a particular consultant or editorial board member or group 
of investigators, this request is honored by the Editor. If authors 
suggest 1 or more nonbiased, nonlocal reviewers for their 
manuscript, usually 1 author-suggested reviewer and 1 editor- 
selected reviewer are chosen. The Editor, of course, seeks the 
most objective reviewers, recognizing that this selection can 
predetermine the final decision regarding a manuscript. 

Evaluation of reviews by the Editor: After reviews are re- 
turned to the Editor, the manuscript is reevaluated in light of the 
criticisms and recommendations of the reviewers. When both 
reviews are favorable, the Editor’s decision is usually simple. 
When both reviews are negative, the Editor's decision also is 
usually easy. In these 2 situations the Editor’s initial reaction to 
the manuscript is usually compatible with the reviewer's rec- 
ommendations. 


When 1 reviewer’s recommendation is unequivocal rejection 


and that of the other is unequivocal acceptance, the manuscript 
is often sent out for a third review. Many times, however, the third 
reviewer is not necessary. One of the 2 reviewers may have 
made a far stronger case for his point of view than the other 
reviewer, or the Editor may feel comfortable with the subject of 
the manuscript and therefore can make the decision without the 
delay produced by seeking another out-of-office opinion. When 
1 of 2 reviewers returns a manuscript unreviewed (he may be 
out of town, sick, or too busy), the Editor must then decide 
whether to seek another review or to make a decision based on 


Continued on page A10 
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his acision gen- 
y depends « on ‘the quality of the single out-of-office re- 


‘After the aiy has been returned to the Editor after 
r ving been reviewed by 1 or more outside consultants or edi- 
rial board members and the decision is made to probably ac- 


pt the manuscript, the Editor at this stage carefully examines l 


manuscript to suggest other alterations and to make sure that 
e authors have adhered to the style of the Journal. if certain 


= authors are so informed at this stage. When a manuscript ns 
tentatively accepted, the Editor often makes editorial changes 


one a xerographic copy of the manuscript containing his initials 
on the title page so that these changes can be considered for 
incorporation into the revision by the author. The Editor spends 
ore time on a manuscript at this point than at any other stage, 
excluding manuscripts accepted without outside review. 
Return of the manuscript and reviews to the author: When 
manuscript is tentatively accepted pending either major or 


x revision, the manuscript must be revised appropriately 


or e suggestioris of the reviewers and the Editor must bè re- 


tted appropriately. Authors must be careful not to be offended. 


criticisms of their manuscripts. Such criticism is. provided by 
both outside reviewers and by the Editor in an attitude of genuine 


carefully before discounting them as inappropriate. The revised 
manuscript must be retyped and resubmitted. The author also 


taining the Editor’ s handwritten suggestions. een 
Evaluation of the revised manuscript: The Editor evaluates a - 
the revised manuscript in light of the comments of the reviewers. 


‘and the changes or rebuttals of the authors. If the changes made 
by the authors are considered appropriate, the manuscript at this 
stage is accepted without delay. Occasionally, however, the 
‘Editor considers the changes by the author inadequate or inap- 


propriate „and returns the manuscript for further changes. 
times, the revised manuscript is returned to an earlier reviewer: 
for reexamination. When this reexamination by an earlier ra- 
viewer is done, the authors usually are so advised when their’ 
manuscript was initially returned to them. ue 

Manuscript to the publisher: After a final review by the Editor, 


the manuscript is sent to the publisher for copy editing and oye. f 


printing. Both the Editor and the Publisher have made strenuous, 
efforts to. diminish the lag time from acceptance to publication 


-inthe AJC: This time period is now 4 months, and it is my intent ee ii 
to keep this short interval in the future. This means that manu- 


scripts accepted in March 1983 will be scheduled for publication aS 
in July 1983. . 


William C. Robens, sMo 
Editor-in-Chief 





Antihypertensive therapy often involves diet modification— 
restricting favorite foods and beverages. But there’s 
one enjoyable beverage hypertensive patients can continue 


to enjoy: coffee. 


Sanka” is 100% real coffee, but it’s 97% caffeine-free. 
That's why it will not exacerbate underlying hypertension 


in patients who are bothered by 
too much caffeine. 

And because Sanka" tastes 
good, it aids patient compliance. 
What's more, it’s available in 
instant, freeze-dried and ground 
forms. It can even be found at 
restaurants in convenient single- 
service packages. 

Nonstimulating Sanka" is 
ideally suited to many special 


diets. And physicians recommend 
it more than all other brands of qn qi 
decaffeinated coffee combined. 
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THAT MAKES GOOD SENSE 








BRAND 


DECAFFEINATED COFFEE 


[E>] 


~————— + —————— ——-—----- 45 


DECAFFEINATED COFFEE 





Maxwell House Division 
General Foods Corporation 
Box #3243 , 

Kankakee, Illinois 60901 


GENERAL FOODS 
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for many post-MI patients... 


Saio e. 


Cardioprotective is a word you won't find in 
standard medical dictionaries. 


But you will find it appearing in the medical literature. 

And you will be hearing it in medical discussions. _ 
Until dictionaries recognize the term, MSD invites you 
to use this as a working definition of cardioprotective: — 


reduction of the risk of reinfarction and cardiac 
for many stabilized post-MI patients.” 


We at MSD feel it is appropriate to bring you this definit 
of cardioprotective since it was MSD that brought you 
the impressive clinical data’ that documented the cardiop 
benefits of BLOCADREN®(Timolol Maleate, MSD) for many — 
Stabilized patients who have survived 

the acute phase of a myocardial infarction. 
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‘The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality 
and reinfarction in patients surviving acute myocardial infarction, N. Engl. J. Med. 
304(14):801-807, April 2, 1981. 





BLOCADREN is contraindicated in patients with bronchospasm, 

5 including bronchial asthma, or severe chronic obstructive 
pulmonary disease; sinus bradycardia; second- and third-degree 
atrioventricular block; overt cardiac failure (see below); 
cardiogenic shock; and hypersensitivity to this product. 
Although beta blockers should be avoided in overt congestive 
heart failure, they can be used, if necessary, with caution in 
patients with a history of failure who are well compensated. 

is In patients without a history of cardiac failure, continued 

| depression of the myocardium with beta-blocking agents over a 

period of time can, in some cases, lead to cardiac failure. Copyright © 1982 by Merck & Co., INC. 









Exacerbation of Ischemic Heart Disease following Abrupt 
Withdrawal—Hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy, > 
exacerbation of angina and, in some cases, myocardial A. 
infarction have occurred after abrupt discontinuation of 

such therapy. When discontinuing chronically administered 
timolol maleate, particularly in patients with ischemic heart 






tlated within 1 to4 weeks after infarction. Data 
nether benefit would ensue if Initiated later. 


unstable angina should be taken. Patients should be. 
warmed against interruption or discontinuation of therap 
without the physician's. advice. Because coronary artery 
disease is common and may be unrecognized, it may be 
“prudent not to discontinue timolol maleate therapy 


o abruptly even in patients treated only for hy 





(TIMOLOL MALI 
~CONTRAINDICATIONS: 
“Bronchospasm, including bronchial asthma, or severe 


‘chronic obstructive pulmonary disease; sinus bradycardia; 
second- and third-degree atrioventricular. block: overt ` 


vo çardiac failure (see WARNINGS); cardiogenic shock: 
‘hypersensitivity to this product. 


`- WARNINGS: 
Cardiac Failure: Sympathetic stimulation may be essential 
for support of the circulation in individuals with diminished 
myocardial contractility, and its inhibition by beta-adren- 
ergic receptor blockade may precipitate more severe fail- 
ure: Although beta blockers should be avoided in overt 
congestive heart failure, they can be used, if necessary, 
ith caution in patients with a history of failure who are 
well compensated, usually with digitalis and diuretics. 
Both digitalis and timolol maleate slow AV conduction. If 
< gardiac failure persists, therapy with BLOCADREN should 
be withdrawn. 
<In Patients without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking 
: agents over a period of time can, in some:cases, lead to 
cardiac failure. At the first sign or symptom of cardiac 
failure, patients receiving BLOCADREN should be digita- 
lized and/or be given a diuretic, and the response observed 
closely. If cardiac failure continues despite adequate digi- 
talization.and diuretic therapy, BLOCADREN should be 
withdrawn. 


Exacerbation of ischemic Heart Disease following 
: “Abrupt Withdrawal—Hypersensitivity to catechola- 
mines has been. observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in 
some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discon- 
tinuing chronically administered timolol maleate, par- 
ticularly in patients with ischemic heart disease, the 
T dosage should be gradually reduced over.a period of 
‘one to two-weeks:and the patient should be carefully 
monitored. if angina markedly worsens or acute coro- 
nary insufficiency develops, timolol maleate adminis- 
‘tration. should be reinstituted promptly, at least 
temporarily, and. other measures appropriate for the 
Management of unstable angina should be taken. 
Patients should be warned against interruption or dis- 
continuation: of therapy without the physician's 
_|-advice. Because coronary artery disease is common 
| atid: may be unrecognized, it maybe prudent not to 
discontinue timolol maleate therapy abruptly even in 
patients treated-only for hypertension. 
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< Major. Surgery: The necessity or desirability of withdrawal 
‘of beta-blocking therapy prior to major surgery is contro- 
versial, Beta-adrenergic receptor: blockade impairs the 
ability of.the heart to respond to beta-adrenergically 
mediated reflex stimuli. This may augment the risk of gen- 
eral anesthesia in surgical procedures. Some patients 
» receiving beta-adrenergic receptor blocking agents have 
been subject to. protracted severe hypotension during 
anesthesia. Difficulty: in restarting and maintaining the 
heartbeat has. also been reported. For these reasons, in 
patients undergoing elective surgery, some authorities 
“recommend gradual withdrawal of beta-adrenergic recep- 
tor blocking agents. 
<W necessary during surgery, the effects. of beta-adren- 
rgic blocking agents may be reversed by sufficient doses 
of such agonists as isoproterenol, dopamine, dobutamine, 


utionin patients subject'to spontaneous cli ly- 
mia or to diabetic patients (especially those with:labile 
jetes) who are receiving insulin or oral hypoglycemic 
_ Beta-adrenergic receptor blocking agents may 

the signs and symptoms of acute hypoglycemia. 


toxicosis: Beta-adrenergic blockade may mask cer- 


tain Clinical signs (e.g., tachycardia) of hyperthyroidism: 
Patients suspected of developing thyrotoxicosis should be. 
Managed. carefully. to. avoid abrupt withdrawal of beta , 


i blockade which might precipitate a thyroid storm. 
PRECAUTIONS: 
Genéral: Impaired Hepatic or Renal Function. Since 


“BLOCADREN is partially metabolized: in the liver-and 
excreted mainly by the kidneys, dosage reductions may be 


esponses' 
with-marked renal impairment: 


1. Nausea: 
INTEGUMENTARY ` 
i necessary when. hepatic and/or tenal, insutfictency is. 2 prurl 

copr : 


EN is administered to. patien' 


fable ma catecholamine-depleting drugs suchas reser-" i 


pine, because of possible additive effects and the produc- 


‘tion of hypotension and/or marked bradycardia which 


may produce vertigo, syncope, or postural hypotension. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: in a 
two-year study of timolol maleate in rats, there was a sta- 
tistically significant (p<<0.05) increase in the incidence of 
adrenal pheochromocytomas in male rats administered 
300 times the maximum recommended human dose 
(1 mg/kg/day). Similar differences were not observed in 
rats administered doses equivalent to 25:ar 100 times the 
maximum recommended human dose. In a lifetime study in 
mice, there were statistically significant (p< 0.05) 
increases in the incidence of benign and matignant pulmo- 
nary tumors and benign uterine polyps-in female mice at 
500 mg/kg/day, but not at 5 or 50 mg/kg/day. There was 
also a significant increase in mammary adenocarcinomas 
at the 500-mg/kg/day dose. This was associated with 
elevations in serum prolactin which occurred in female 
mice administered timolol at 500 mg/kg, but. not at doses 
of 5.or 50 mg/kg/day. An increased incidence of mammary 
adenocarcinomas in rodents has been associated with 
administration of several other therapeutic agents which 
elevate serum prolactin, but no correlation between serum 
prolactin levels and mammary tumors has been estab- 
lished in man. Furthermore, in adult human fernale subjects 
who received oral dosages of up to 60.mg of timolol 
maleate, the maximum recommended human oral dosage, 
there were no clinically meaningful changes in serum pro- 
lactin. 

There was a statistically significant increase (p <0.05) 
in the overall incidence of neoplasms in female mice at the 
500-mg/kg/day dosage level. 

Timolol maleate was devoid of mutagenic potential 
when evaluated in vivo (mouse) in the micronucleus test 
and.cytogenetic assay (doses up to 800 mg/kg) and 
in-vitro in a neoplastic cell transformation assay (up to 
100 ug/ml). in Ames tests the highest concentrations of 
timolol employed, 5000 or 10,000 ug/plate, were asso- 
ciated with statistically significant elevations (p <0.05) of 
tevertants observed with tester strain TATOO (in seven 
replicate assays) but not in the remaining three strains. In 
the assays with tester strain TA100, no consistent dose 
response relationship was observed nor did the ratio of 
test to control revertants reach 2. -A ratio.of 2 is usually 
considered the criterion for a positive Ames test. 

Studies in rats showed no adverse effect on male or 
female fertility at doses up to 150 times the maximum rec- 
ommended human dose. 

Pregnancy-Categary C: Should be used during pregnancy 
only if the potential benefit justifies the potential risk to the 
fetus. 

Nursing Mothers: Because of the potential for serious 
adverse. reactions from timolol in nursing infants, a deci- 
sion should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance 
of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS: 
BLOCADREN is usually well tolerated in properly selected 
patients. Most adverse effects have been mild and tran- 
sient. 

iwa multicenter (12-week) clinical trial comparing timo- 


Jol maleate and placebo, the following adverse reactions 
“were reported spontaneously and considered to be caus- 


ally related to timolol maleate: 


Placebo 
' {n= 168) 
% 


Timolol Maigate 
(n= 176) 
% 


BODY AS A WHOLE 
fatique/tiredness 
-headache 
ċhest pain 
asthenia 
CARDIOVASCULAR 
“bradycardia 
arrhythmia 
syncope 
edema. 
DIGESTIVE 
dyspepsia 


Om 


aooo cone 
nD 


CO OS 
D 





" PSYCHIATRIC 


decreased libido 

RESPIRATORY. 

_ dyspnea 
bronchial spasm 
tales 

SPECIAL SENSES 
eye irritation 
tinnitus 





These data are representative of the incidence ‘of 
adverse effects that may be observed in a properly 
selected hypertensive patient population, ¢.g., a group.” 
excluding patients with bronchospastic disease, cong 
tive heart failure, or other contraindications to 
blocker therapy. These adverse reactions can also 0 cur 
inpatients with coronary artery disease. : 

in a different population, the coronary artery disease. 
population, studied in the Norwegian multicenter trial (see : 
CLINICAL PHARMACOLOGY), the frequency of the princi 
pal adverse reactions and the frequency with which these 


resulted in discontinuation of therapy in the timolol and ce 


placebo groups were: 
Adverse Reaction? Withdrawal# 


Timolol Placebo Timolol Placebo: 
(n= 945) {n = 939) (n= 945)(n= 939) 
% % % % 








Asthenia or Fatigue 1 
Heart Rate 
<40 beats/minute 
Cardiac Faiture~Nonfatal 
Hypotension 
Pulmonary Edema—Nonfatal 
Claudication 
AV Block 
2nd or 3rd degree 
Sinoatrial Block 
Cald Hands and Feet 
Nausea or Digestive 
Disorders 
Dizziness 
Bronchial Obstruction <4 <4 





*When an adverse reaction recurred in a patient, it is oe 


listed only once. 
tOnly principal reason for withdrawal in each patent is 
listed. 


These adverse reactions can also occur in pation 
treated for hypertension. . 

The following additional adverse effects hav been 
reported in clinical experience with the drug: Body as a 
Whole. extremity pain, decreased exercise. tolerance, 
weight loss: Cardiovascular. cardiac failure; cerebral 
vascular accident, worsening of angina pectoris, wo! 
ing of arterial insufficiency, Raynaud's phenomenon, pal- 
pitations, vasodilatation; Digestive: gastrointestinal pai 
hepatomegaly, vomiting, diarrhea, dyspepsia; Endocri 
hyperglycemia, hypoglycemia; integumentary. rash, sk 
irritation, increased pigmentation, sweating: Mus 
skeletal: arthralgia; Nervous System: local weakne 
Psychiatric. depression, nightmares, somnolence, 





cough; Special Senses: visual disturbances, dry ‘we 
Urogenital: impotence, urination difficulties, 

Potential Adverse Effects: In addition, a 
adverse effects not observed. in clinical, 


tion for time and place, short-term r 
tional lability, slightly clouded sensori 
performance on neuropsychometrics: 
intensification of AV block (see CONT 
A ES mesenteric arterial thromb 


erythematous rash, fever. combine 
throat, laryngospasm and respira 
neous: reversible alopecia, Peyro 


Clinical Laboratory Test’ ings ighi increases 
blood urea nitrogen, serum potassiu ane 


MSD For more detailed information; consylt your 
s ee Renresentativa ano iNe Peering. 
‘ & 





SONTENTS IN BRIEF 


MARCH 1, 1983 e VOLUME 51 « NUMBER 


A note from the Editor-in-Chief, William C. Roberts, MD, 
appears on pages A9. and A10 of this issue. 


Coming March 15th: our second March issue. 


CORONARY HEART DISEASE | 


Influence of Partial’ ‘Sympathetic Denervation on the Results 
“Of Myocardial Revascularization in Variant Angina. Amadeo 


ie Betriu, Jose Luis Pomar, Martial G. Bourassa, and Claude M. 


` Grondin 
Digital Angiography in Assessment of Ventricular Function and 


© Wall. Motion During Pacing in Patients With Coronary Artery 


- Disease. Jonathan Tobis, Orhan Nalcioglu, Warren D. Johnston, 

-Anthony Seibert, Lloyd T. iseri, Werner Roeck, and Walter L. 

Henry 

Angiographic Changes Produced by Percutaneous Transluminal 

Coronary Angioplasty. David R: Holmes, Jr., Ronald E. Vlietstra, 
_ Michael B. Mock, Guy S. Reeder, Hugh C. Smith, Alfred A. Bove, 
John F. Bresnahan, Jeffrey M. cal Hartzell V. Schaff, and 
Thomas A. Orszulak 

Ergonovine Provocation to hassi Efficacy of Long-Term 

Therapy With Calcium Antagonists in Prinzmetal’s Variant 
‘Angina. Michael D.: Winniford, Stacey M. Johnson, David R. 

Mauritson, and L. David Hillis 


) Frequency in Nonangioplasty Patients of Morphologic Findings 


‘© Reported in Coronary Arteries Treated with Transluminal An- 


- gloplasty. Jeffrey M. Isner and Roberta V. Fortin 


“Intravenous Nitroglycerin for the Treatment of Angina at Rest 

Unresponsive to. Standard. Nitrate Therapy. Kerry Kaplan, 
| Richard Davison, Michele Parker, Jean Przybylek, J. Russell 
‘eagarden, and Michael Lesch 


ts of Verapamil on Coronary Hemodynamic Function and 

‘asomobility Relative to its Mechanism of Antlanginal Action. 

topher Y. C. Chew, B. Gregory Brown, Bramah N. Singh, 
lene M: Wong, Cindy Pierce, and Robert Petersen 


fipine in Chronic Stable Angina: A Double-Blind Pla- 
yontrolied Crossover Trial. Lon G. Sherman and Chang- 

Liang 

t of Intravenous and Intracoronary Nifedipine on Coronary 
Flow and Myocardial Oxygen Consumption. Peter 

nzenbächer, Gerhart Liebau, Peter. Deeg, and Kurt Ko- 


ardiographic Criteria for the Diagnosis of Combined 
Myocardial infarction and Left Anterior Hemiblock. 
art A. Warner, Norma E. Hill, Sakti Mookherjee, and Harold 


Electrocardiographic Criteria for the Diagnosis of 
‘ Hemibiock. Robert A. Warner, Norma E. Hill, Sakti 
ar jee, and Harold Smulyan 


f of Provocation on Transcardiac Thromboxane in Pa- 

„tients With Coronary Artery Disease. Paul D. Hirsh, Brian G. 

irth, William B. Campbell, Gregory J. Dehmer, James T. Wil- 
lerson, and L. David Hillis -. 

cordial S-T. Segment Depression in Inferior Myocardial In- 

1: Evaluation by Quantitative Thalllum-201 Scintigraphy 

and Technetium-99m Ventriculography. Lawrence Ong, Benilda 


idelon, James Coromilas, Roban ee Peter Reiser, and 


741 Radionuclide-Determined 


Changes in 
and Thalllum Lung Uptake In Patients with Coronary I Arte: 
Disease. Richard A. Wilson, Robert D. Okada, Charlos 
Boucher, H. William Strauss, and Gerald M:-Pohost 


Sinus Node Coronary Arteries Studied With Anglogranby: M 
chael K. Kyriakidis, Costas B. Kourouklis, John T. Papaioannou, 
Stamatis G. Christakos, George P. Spang, and Dimitris 
Avgoustakis 


Beneficial Effects of Ibuprofen in Pacing-induced Myoca 
Ischemia. Paul Walinsky, J. Bryan Smith, Allan M. Le 
Leslie Wiener : ; 


Improved Exercise Ventilatory Responses After ‘Training 
Coronary Heart Disease During Long-Term Beta-Adrenerg 
Blockade. Neil F. Gordon, Pieter E: Krüger, and Jones F. C 
ters. ; 


ARRHYTHMIAS AND CONDUCTION 
DISTURBANCES —— ; 


Disopyramide: Evaluation of Electrophysiologlc Effect ; 
Clinical Efficacy In Patients With Sustained Vent 
Tachycardia or Ventricular Fibrillation. Bruce B. Lerman, 

L Waxman, Alfred E: Buxton, and Mark E. Josephson 


Effects of Oral Digoxin on Ventricular Ectopy and its R 

to Left Ventricular Function, Alan H. Gradman, Moira Gu 

ham, Mary A. Harbison, Harvey J. Berger, and Barry L. Zar 
Cardiac Electrophysiologic Etfects of Flecainide Acetate for 
Paroxysmal Reentrant Junctlonal Tachycardias. Kevin J- Hel- 
lestrand, Anthony W. Nathan; Rodney S. Bexton, Roworth. A 
Spurrell; and A. John Camm : 


Cardiac Effects of Treatment With Quinidine and Digoxin, Alone 
and in Combination. Karin Schenck-Gustafsson, Tomas Jo- 
gestrand, Lars-Ake Brodin, Rolf ‘Nordlander, and Ru i 
Dahlqvist 


SYSTEMIC HYPERTENSION 


immediate Hemodynamic Effect of a New Catelum-Channet 
Blocking Agent (Nitrendipine) in Essential Hypertension. Hector 
O: Ventura, Franz H. Messerli, Willie Oigman, Francis G. ‘Dun 
Efrain Reisin, and Edward D, Frohlich 

Pieine ay or Mond Proar Reapones torent Mr 
Robert H. Chaney and Stephan Arndt ; 


CONGESTIVE HEART FAILURE 


Clonidine in Congestive Heart Failure: A Vasodilator With 
Negative Inotropic Effects. James B. Hermilier, Raymond D. 
Magorien, Mark E. Leithe; Donald V..Unverferth, and Carl: v 
Leier `: ; 


CARDIOVASCULAR PHARMACOLOGY 


In Vivo Quantitation of Platelet Deposition on Human Peripher: 
Arterial Bypass Grafts Using Indium-111-Labeled Platelet 
Effect of Dipyridamole and Aspirin. Charles W. -Pumphre' 
dames H. ‘Chesebro, Mrinal K. Dewanjee, Heinz W; Wahiner, | i 
H. Hollier, Peler C. Pairolero, and Valentin Fuster ; 












Agent (TA-064) on Normal and Diseased Hearts. Masaya Kino, 
Yuzo Hirota, Shoji Yamamoto, Kenichi Sawada, Masatomo 
Moriguchi, Masahiro Kotaka, Shinichiro Kubo, and Keishiro Ka- 
wamura 


; CARDIOMYOPATHY 


Vulnerability of Patients With Obstructive Hypertrophic Car- 
‘diomyopathy to Ventricular Arrhythmia Induction In the Oper- 
“ating Room. Analysis of 17 Patients. Kelley P. Anderson, Edward 
<B. Stinson, Geraldine C. Derby, Philip E. Oyer, and Jay W. 
Mason 


o Myocardial Texture Characterization by Two-Dimensional 
‘Echocardiography. Anil K. Bhandari and Navin C. Nanda 


6 Sensitivity of Technetium-99m-Pyrophosphate Scintigraphy 
-cuin Diagnosing Cardiac Amyloidosis. Rodney H, Falk, Victor W. 
_ bee, Alan Rubinow, William B. Hood, Jr., and Alan S. Cohen 


} |. Survival in Men With Severe Chronic Left Ventricular Failure 
Due to Either Coronary Heart Disease or Idiopathic Dilated 
Cardiomyopathy. Joseph A. Franciosa, Mary Wilen, Susan 
< -oZiesche, and Jay N. Cohn 









METHODS © 
7 Evaluation of Left Ventricular Performance Using Digital 
Subtraction Angiography. Marvin W. Kronenberg, Ronald R. 
Price, Clyde W. Smith, Rose Marie Robertson, James M. Perry, 
David R. Pickens, Michael J. Domanski, C. Leon Partain, and 
“Gottlieb C. Friesinger 


-Evaluation of intracardiac Thrombus With Computed Tomog- 
`: raphy. Haruo Tomoda, Mitsumoto Hoshiai, Hideo Furuya, Sachio 
“Kuribayashi, Makoto Ootaki, Seiya Matsuyama, Shirosaku Koide, 
» Shiaki Kawada, and Akira Shotsu 

“Absolute Left Ventricular Volume: From Gated Blood Pool 

Imaging: With Use of Esophageal Transmission Measure- 
<: ment. Alan H. Maurer, Jeffry A. Siegel, Barry S: Denenberg, Blase 
‘A: Carabello, Arnold K. Gash, James F. Spann, and Leon S. 
: Malmud 

)° Effect of Exercise Protocol on the Left Ventricular Response 

~ to Exercise. Carl Foster, Duncan S. Dymond, James D. Anhoim, 
Michael L.. Pollock, and Donald H. Schmidt, With the technical 

assistance. of John G. Carpenter 


a EXPERIMENTAL STUDIES 





ot Coronary Artery Narrowing in Dogs Without Left Ventricular 
- Hypertrophy. Robert L. Feldman, Wilmer W. Nichols, James R. 
Edgerton, C; Richard Conti, and Carl J. Pepine 
5 ‘Topographic Changes In the Left Veniricle After Experimentally 
“Induced Myocardial Infarction In the Rat. Charles S. Roberts, 
Derek Maclean, Eugene Braunwald, Peter R. Maroko, and Robert 
oA Kloner 
7 Scar Thinning Due to warren Administration Atter Experi- 
“mental Myocardial Infarction. Edward J: Brown; Jr., Robert A. 
Kloner, Frederick J. Schoen, Haim Hammerman, Sharon Hale, 
and ne Braunwald — 












~ Cardiovascular Effects of a Newly Synthesized: Cardiotonic 


5 Influence of Aortic Stenosis on the a Hesinodyriamite importance 


891 


897 
900 


901 


902 


904 


908 


908 


909 


911 


913 


916 


918 


-Effects of 


`- Yellon, David J. Hearse, and James M. Downey 


LETTERS 








Furbiproten in Altering the Stze of Myocardial infarcts 
in Dogs; Reduction or Delay? David E. Chambers, Derek M. | 







Effects of Reduced Coronary Flow on Thallium-201 Accumu- ee 
lation and Release in an In Vitro Rat Heart Preparation. Samuel, 
2. Goldhaber, John B. Newell, Joanne S. ingwall, Gerald M. 
Pohost, Nathaniel M. Alpert, and Eric T. Fossel 









BRIEF REPORTS 


Supraventricular Nonreentrant Tachycardia Due to Simulta- © 
neous Conduction Through Dual Atrioventricular Nodal Path- | 
ways. Frederick J. Sutton and Yu-Chen Lee oe 


Survival After Sudden Obstruction of the Left Main Coronary, 
Artery. Moshe Y. Flugelman, Meir Shalit, Arie Shefer, Yonathan " 
Hagin, and Mervyn S. Gotsman i 


Hyperkalemia and Cardiac Arrest from Fluoride Exposure. 
During Hemodialysis. Michael Mcivor, Romulo F. Baltazar, Juan. 
Beltran, Morton M. Mower, Robert Wenk, Jack Lustgarten, and: 
Joseph Salomon : 
Coronary Arterial Rupture During Coronary Angioplasty. ter 
E. Saffitz, Thomas E. Rose, John B. Oaks, and William C. Rob- 
erts 


Q-T Prolongation and Torsades de Pointes Ventricular Tachy- > 
cardia Produced by the Tetracyclic Antidepressant Agent 
Maprotiline. Howard C. Herrmann, Lee M. Kaplan, and Barbara ' 

E. Bierer 


Angiographic Evidence of Hemorrhagic Myocardial Infarction hg 
After Intracoronary Thrombolysis With Streptokinase. William 
C. Little and Edwin W. Rogers : 


Real-Time 2-Dimensional Echocardiographic Visualization of 

Thrombus on a Bjérk-Shiley Mitral Valve Prosthesis. Emer- 
gency Cesarean Section and Mitral Valve Replacement in Late — 

Pregnancy. Basil S. Lewis, Nearchos E. Agathangelou, Luis A. 
Des Santos, and Manuel J. Antunes 
Cardiac Rhabdomyosarcoma Presenting as Hypereosinophilic : 
Syndrome. Martin J. Sullivan, Gregory P. Wanger, Steven Ave 
Schonfeld, and Thomas M. Bashore 


POINT OF VIEW 


How Should We Describe Hearts In Which the Aorta is Con- 
nected to the Right Ventricle and the Pulmonary Trunk to the | 
Leit Ventricie? A Matter for Reason and Logic. Anton E. Becker ; 
and Robert H. Anderson 


EDITORIALS 


Q-Wave Infarction: Versus S-T Infarction. Nonspecificity of ao 
Electrocardiographic Criterla for Differentiating Transmural aoe 
and Nontransmural Lesions. David H. Spodick => ue 


Randomize the First Patient: Scientific, Ethical, and eh 
Bases. David H. Spodick 






































Instructions to Authors on page 740 . 
index to Advertisers. on page A161 





As effective as hydrochlorothiazide without the drawbacks of a diuretic 





























hydrochlorothiazide ' ® In clinical trials to date with WYTENSIN®: 
Six month, double-blind, multicenter studies. 
potassium v issium depletion 
renin M 1O increased renin act 
glucose M no hyperglycemia 
serum cholesterol M erlipidemia 
chloride NY 10 acid-base disturbances 
uric acid +t lyperuricemia 
calcium M ) Icemia 
M 





O no Wyensin 9 


smee  (guanabenz acetate ) 





"Proceedings of the Second International Sympo 


Rome, Italy, May 17-19, 1982 


The most up-to-date presentation of the latest data , 
on the entire range of clinical, bioengineering, 


‘edited by Lawrence H. Cohn, 
MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609 Pp., 
illus., Nov. 1982., $65.00 


.\n international program committee 
organized this symposium on a strict- 
ly competitive abstract basis. It was 
held less than'six months ago. One- 
hundred-eighty abstracts were sub- 

mitted and.45 in 8 categories were 
accepted, Virtually every major car- 
diovascular center in the world that 
has any meaningful experience with 
cardiac bioprosthetic valves was 
represented. Nowhere will you find 
between.two covers as much current 

formation on the field of cardiac 


Almost 20 years have gone by since 
the-first reports of homograft valve 
replacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
years since the first reports began to 
appear about commercially available, 
‘quality-controlled porcine biopros- 

“thetic and bovine pericardial valves. 

This book brings you completely up- 
to-date on what has happened since 
and what is happening today. 


If your interests include the clinical, 

pathological and bioengineering as- 

pects of cardiac bioprostheses then 
bis book is a must buy! It should not 
be missing from your own profes- 
sional library. 


Who are the editors? 


Lawrence H, Cohn, MD, is Pro- 
sor of Surgery, Harvard Medical 
ool, and Cardiothoracic Surgeon, 
am and: Womens’ Hospital, He 
s the author of Modern Techniques in 
urgery and co-author of the new an- 
‘nual, Cardiology, now available in its 
“second issue, Cardiology 1982. 


Vincenzo Gallucci, MD, is Professor 
of Cardiovascular Surgery, Depart- 
ments of Cardiovascular Surgery and 
Cardiology, University of Padova = 
Medical School, Padova, Italy. 
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ind John.J. Collins, Jr., MD. 
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No electrolyte or metabolic risk factors 
No long-term cardiovascular risk factors 
No immunologic disturbances 


No liver 


damage 


No contraindications except hypersensitivity 


Side effects are usually mild and transient 


Patients may experience drowsiness and dry mouth early during 
WYTENSIN® (guanabenz acetate ) therapy, but these subjective complaints 


are mostly mild and transient, especially when the initial dosage 





Brief Summary 


Actions: 
Wytensin® (guanabenz acetate ) is an orally active 


central alpha-2 adrenergic agonist. Its antihyperten- 


sive action appears to be mediated via stimulation of 
central alpha adrenergic receptors, resulting in a de- 
crease of sympathetic outflow from the brain at the 
bulbar level to the peripheral circulatory system. 


_ The acute antihypertensive effect of Wytensin oc- 


curs without major changes in peripheral resistance, 
but its chronic effect appears to be a decrease in pe- 
ripheral resistance. 


Indications and Usage: 


Treatment of hypertension, alone or in combination 


with a thiazide diuretic 


" Contraindication: 


_ Known sensitivity to the drug. 


Precautions: 

A. Sedatign: Causes sedation or drowsiness in a large 
fraction of patients. When used with centrally active 
depressants, e.g., phenothiazines, barbiturates and 
benzodiazepines, consider potential for additive 
sedative effects. 


2. Patients with vascular insufficiency: Like other an- 


tihypertensives use with caution in severe coronary 
insufficiency, recent myocardial infarction, cerebro- 
vascular disease, or severe hepatic or renal failure 


3. Rebound; Sudden cessation of therapy with cen- 
tral alpha agonists like Wytensin may rarely result 
in “overshoot” hypertension and more commonly 
produces increase in serum catecholamines and sub- 


__ jective symptomatology. 


INFORMATION FOR PATIENTS: 

Advise patients on Wytensin to exercise caution 
when operating dangerous machinery or motor ve- 
hicles until it is determined they do not become 
drowsy or dizzy. Warn patients that tolerance for al- 
cohol and other CNS depressants may be dimin- 
ished, Advise patients not to discontinue therapy 
abruptly. 


LAB TESTS: 

In clinical trials, no clinically significant lab test ab- 
normalities were identified during acute or'chronic 
therapy. Tests included CBC, urinalysis. electrolytes, 
SGOT, bilirubin, alkaline phosphatase, uric acid, 
BUN, creatinine, glucose, calcium, phosphorus, total 
protein, and Coombs’ test. During long-term use 
there was small decrease in serum cholesterol and 


A22 


È x s 


is 4 mg b. i.d., with the second dose at bedtime. 


total triglycerides without change in high-density li- 
poprotein fraction. In rare instances occasional non- 
progressive increase in liver enzymes was observed, 
but no clinical evidence of hepatic disease 


DRUG INTERACTIONS 

Wytensin® was not demonstrated to cause drug 
interactions when given with other drugs, ¢.g., 
digitalis, diuretics, analgesics, anxiolytics, and an- 
tiinflammatory or antiinfective agents, in clinical 
trials. However, potential for increased sedation 
when given concomitantly with CNS depressants 
should be noted. 


DRUG/LAB TEST INTERACTIONS; 
No lab test abnormalities were identified with 
Wytensin use 


CARCINOGENESIS, MUTAGENESIS, 

IMPAIRMENT OF FERTILITY: 

No evidence of carcinogenic potential emerged in 
rats during a two-year oral study with Wytensin at 
up to 9.5 mg/kg/day, i.e., about 10 times maximum 
recommended human dose. In the Salmonella micro- 
some mutagenicity (Ames )test system, Wytensin at 
200-500 meg per plate or at 30-50 mcg/ml in sus- 
pension gave dose-related increases in number of 
mutants in one (TA 1537) of five Salmonella typhi- 
murium strains with or without inclusion of rat 
liver microsomes. No be ane activity was seen at 
doses up to those which inhibit growth in the cukar- 
yotic microorganism, Schizosaccharomyces pombe, 
or in Chinese hamster ovary cells at doses up to 
those lethal to the cells in culture. In another cukar- 
yotic system, Saccharomyces cerevisiae, Wytensin 
produced no activity in an assay measuring induc- 
tion of repairable DNA damage. Reproductive studies 
showed a decreased pregnancy rate in rats given 
high oral doses (9.6 mg/kg), suggesting impairment 
of fertility, Fertility of treated males (9.6 mg/kg) 
may also have been affected, as suggested by de- 
creased pregnancy rate of mates, even though fe- 
males received drug only during last third of 
pregnancy. 


PREGNANCY: 

Pregnancy Category C: 

WYTENSIN® MAY HAVE ADVERSE EFFECTS ON 
FETUS WHEN ADMINISTERED TO PREGNANT 
WOMEN. A teratology study in mice indicated possi- 
ble increase in skeletal abnormalities when 
Wytensin is given orally at doses 3 to 6 times maxi- 
mum recommended human dose of 1.0 mg/kg. These 
abnormalities, principally costal and vertebral, were 
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not noted in similar studies in rats and rabbits. How- 
ever, increased fetal loss has been observed after 
oral Wytensin given to pregnant rats ( 14 mg/kg) 
and rabbits (20 mg/kg) Reproductive studies in rats 


have shown slightly decreased live-birth- indices. de- 


creased fetal survival rate, and decreased pup body 
weight at oral doses of 6.4 and 9.6 mg/kg. There are 
no adequate, well-controlled studies in pregnant 
women. Wytensin® should be used during preg 
nancy only if potential benefit justifies potential risk 
to fetus. 


NURSING MOTHERS: 

Because no information is available on Wytensin 
excretion in human milk, it should not be given to 
nursing mothers. 


PEDIATRIC USE: 

Safety and effectiveness in children less than 12 
years of age have not been demonstrated; use in this 
age group cannot be recommended. 


Adverse Reactions: 

Incidence of adverse effects was ascertained from 
controlled clinical studies in U.S. and is based on 
data from 859 patients on Wytensin for up to 4 
years. There is some evidence that side effects are 
dose-related, 


Following table shows incidence of adverse effects 
in at least 5% of patients in study comparing 
Wytensin to placebo, at starting dose of 8 mg b.i.d 


Placebo (%)  Wytensin(% ) 

Adverse Effect n= 102 n= 109 

Dry mouth 7 28 
Drowsiness or 

sedation 12 39 

Dizziness 7 17 

Weakness 7 10 

Headache 6 5 





In other controlled clinical trials at starting dose of 
16 mg/day in 476 patients, incidence of dry mouth 
was slightly higher (48% ) and dizziness was slightly 
lower (12% ), but incidence of most frequent ad- 
verse effects was similar to placebo-controlled trial. 
Although these side effects were not serious, they 
led to discontinuation of treatment about 15% of the 
time, In more recent studies using an initial dose of 
8 mg/day in 274 patients, incidence of drowsiness or 
sedation was lower, about 20%. 





Other adverse effects reported during clinical trials 
but not clearly distinguishable from placebo effects 
and occurring with frequency of 3% or less: Car- 
diovascular—chest pain, edema, arrhythmias, palpi- 
tations. Gastrointestinal—nausea, epigastric pain, 
diarrhea, vomiting, constipation, abdominal discom- 
fort. Central nervous system—anxiety, ataxia, 
depression, sleep disturbances. ENT disorders—na- 
sal congestion. Eye disorders—blurring of vision. 
Musculoskeletal—aches in extremities, muscle 
aches. Respiratory—dyspnea. Dermatologic—rash, 
pruritus, Urogenital—urinary frequency, disturb- 
ances of sexual function. Other—gynecomastia, 
taste disorders, 


Drug Abuse and Dependence: 
No dependence or abuse has been reported. 


Overdosage: 

Accidental ingestion caused hypotension, somno- 
lence, lethargy, irritability, miosis, and bradycardia 
in two children aged one and three years, Gastric la- 
vage and pressor substances, fluids, and oral acti- 
vated charcoal resulted in complete and uneventful 
recovery within 12 hours in both, Since experience 
with accidental overdosage is limited, suggested 
treatment is mainly supportive while drug is being 
eliminated and until patient is no longer sympto- 
matic. Vital signs and fluid balance should be 
carefully monitored. Adequate airway should be 
maintained and, if indicated, assisted respiration 
instituted, No data are available on Wytensin 
dialyzability. 


Dosage and Administration: 

Individualize dosage. A starting dose of 4 mg b.i.d. is 
recommended, whether used alone or with a thia- 
zide diuretic, Dosage may be increased in incre- 
ments of 4 to 8 mg/day every one to two wecks, 
depending on response. Maximum dose studied has 
been 32 mg b.i.d., but doses this high are rarely 
needed. 


How Supplied: 
Wytensin*® (guanabenz acetate ) Tablets, 4 mg and 8 
mg, bottles of 100. 
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Wyeth Laboratories 


Philadelphia, Pa 19101 
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A note from the Editor-in-Chief, William C. Roberts, MO, 
appears on pages A9 and A10 of this issue. 


Coming March 15th: our second March issue. 
CORONARY HEART DISEASE 


Influence of Partial Sympathetic Denervation on the Results of Myocardial Revascularization i in : 
Variant Angina one 


AMADEO BETRIU, JOSE LUIS POMAR, MARTIAL G. BOURASSA, and CLAUDE M GRONDIN 


-Thirty-one patients with variant angina and severe coronary artety disease underwent myocardial revasóulariza 
< tion; in 14 patients partial sympathetic denervation was performed in addition to coronary artery grafting. The av- 

erage follow-up was just under 2 years. Actuarial curves showed the probability of recurrence of variant angina 
Co to be:significantly lower in the 14 who had partial sympathetic denervation (p: <0.05. and p <0. 001 at 6 and 10 
months, respectively), 


Digital ‘Angiography. in Assessment of Ventricular Function and Wall Motion During Pacing in Patients 2 
wih Coronary Artery Disease 


= < JONATHAN TOBIS, ORHAN NALCIOGLU, WARREN D. JOHNSTON, ANTHONY SEIBERT, 
= LLOYD T. ISERI, WERNER ROECK, and WALTER L. HENRY f 


i Using digital subtraction angiography, left ventriculograms were obtained with 10 ml of iodinated contrast mate- 

< rial in 21 patients both at rest and during atrial pacing. In 15 patients with significant coronary artery lesions, the 
ejection fraction decreased during atrial pacing from a mean of 62.1 + 14.4% to 50.7 + 15.2% (p >0. 001). In 

6 patients with chest pain but normal coronary arteries, the ejection fraction increased from a mean of 66.44. 

< 8.6% at rest to 71.6 + 5.7% during atrial pacing (p <0.01). The digital ventriculograms demonstrated new or _ 
increased wall motion abnormalities during atrial pacing in 12 of 15 patients with coronary artery disease. Be- 
--@ause digital subtraction angiography allows multiple left ventriculograms to be obtained during routine cardiac 
-> catheterization, intervention studies such as atrial pacing can be used to obtain a functional assessment of the 
; verity of coronary artery lesions. a 


Angiographic Changes Produced by Percutaneous Transluminal Coronary Angioplasty 


-DAVID R. HOLMES, Jr, RONALD E. VLIETSTRA, MICHAEL B. MOCK, GUY $; REEDER, 
Cou HUGH C. SMITH, ALFRED A. BOVE, JOHN F. BRESNAHAN, JEFFREY M. PIEHLER, 
< HARTZELL V. SCHAFF, and THOMAS A. ORSZULAK 


~ Percutaneous transluminal coronary angioplasty (PTCA) is being used with increasing fiequsiey: in the treatment a 
of patients with symptomatic coronary artery disease. After dilatation, a range of angiographic findings may be 
seen which reflect, in part, the anatomic and pathologic changes produced by PTCA. The long-term effect 
‘PTCA may depend on these anatomic and pathologic changes. Recognition and classification of these find 
‘will become increasingly important in the evaluation of the long-term effect of coronary angioplasty and in dev 
oping new approaches for avoiding adverse effects. To facilitate communication and evaluation of the results 

; of PTCA, a classification of the angiographic findings and potential mechanisms is presented. © : 


rgonovine Provocation to Assess Efficacy of Long-Term Therapy With Calcium An agoni 
Hinzmetal's Variant Angina 


his Idy was performed to compare ergonovine responsiveness with clinical and al i 
de ce of disease activity in patients with Prinzmetal's angina during chronic therapy wi 
ifedipine. Twenty-seven patients with variant angina received placebo and verapamil ho 

which 23 also received nifedipine for 2 months. All patients Kopti a diary of chest paina, all had weekly 24- : 
_ Coniinued on Page, A27 oe 
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52 grams stimulation coating 


New Versatrax I] Model 7000A is: 


Smaller. 
10mm thin, 52 grams and coated for patient comfort. 


235mS. Atrial refractory period during A-V synchrony allowing 
tracking of rapid atrial rates. 


340mS. Automatic Atrial refractory extension for prevention of sensing 
retrograde conduction after PVCs. 


Plus 
All the outstanding and proven features you expect from Versatrax" 


Medtronic 


Discover the Difference 





‘wide range. of 
cing where restora- 


prove cardiac output or to. protect. against arrhythmias related to the 
Sequence of cardiac impulse propagation. =- 1. 
With the Model:7000A programmed ‘in the A-V universal (DDD) mode, 
indications :may include: 
S Some of the sick sinus syndrome conditions such as intermittent sinus 
bradycardia, sinus arrest or SA block. 
m intermittent or complete atrioventricular block with normal sinus activity. 
‘w Symptomatic bradycardia. 
= Certain drug-resistant and reentrant tachycardias. (Short A-V interval 
»-gettings may be useful in controlling some reentrant tachycardias.) 
s Atrial and ventricular ectopic arrhythmias. 


the A-V sequential (DVI) mode, the Model 7000A may have application in 
the following: 
B Sick Sinus Syndrome (sinus bradycardia, sinus arrest, SA block, and the 
rady-tachy syndrome), 
ptomatic bradycardia. 
tain drug-resistant and reentrant tachycardias. (Short A-V delay set- 
tings may be-useful in controling, some reentrant tachycardias.) 
\irial and ventricular ectopic arrhythmias. 
tany- time, the Model 7000A can be programmed to the VVI mode in which 
se the device functions as a ventricular inhibited pulse generator. This 
ode is intended primarily as a backup mode in situations where it is 
‘ecessary to disable the atrial circuitry (e.g., atrial lead malfunction). 
TE: The Medtronic* Model 7000A universal A-V pulse generatoris under 
inical investigation in the U.S. The procedures for using this pulse genera- 
ras well-as its safety and efficacy, will be evaluated during this investiga- 
nal.study according to the Clinical Investigation Protocol. Therefore, the 
intended. Uses” section is based on Medtronic’s experience with other 
'siologic pulse generators. No claims for safety and efficacy can be made 
the Model 7000A pulse generator during its clinical investigation. Pa- 
ents should: be advised that the Model 7000A pulse generator is under 
inical investigation. 
traindications 
eral: There are no known contraindications to the use of pacing as a 
‘apeutic modality for control of heart rate. The patient's age and medical 
ndition, however, may dictate the particular pacing system, mode of 
Operation, and implantation procedure used by the physician. 


DDD Mode: The DDD mode is contraindicated in the presence of atrial 


fibrillation, atrial flutter and rapid atrial rhythms or slow retrograde conduc- 
tion... 
Mode: in the DVI mode, atrial pacing is ineffective in the presence of 
nic atrial fibrillation or flutter. 
nings 
athermy.: Diathermy should not be used on patients with pacemakers 
ecause of possible heating effects in the pulse generator and at the implant 
e 


ectrosurgical Units: Electrosurgical units should nevet be used in the 
cinity of unipolar pulse generators because of danger of introducing fibril- 
ry currents into the heart via the implanted pulse generator/lead. 
Defibrillation: Pulse generators may be damaged by detibrillatory dis- 
ch s if the paddles are placed over the implanted pulse generator. 
Positioning:a magnet or the programming head over the pulse generator 
makes it Subject to programming. A nominal vertical magnetic field strength 
of90 Gauss (in afield measured 1⁄2 inches from the magnet's surface) from 
agnet at 114 inches from the reed switch is required to initiate asynchro- 
s pacing, Do:not use electrocautery, diathermy, or any other source of 
‘electromagnetic interference in the vicinity of the patient once a magnet or 
programming. head has been positioned over the pulse generator. If an 
electrocautery unit is used, the physician may prefer to program the pace- 
naker to asynchronous pacing prior to the procedure. 
Precautions 
The physician should be aware that all pulse generators will ultimately 
cease to function due to cell depletion, and may fail at any time due to 
random component or battery failures which cannot be predicted prior to 
ilure, Also that the pacing system may cease to function at any time due to 
ad-related problems such as displacement, fracture, fibrotic tissue torma- 
elevated thresholds and medical complications, and that proper opera- 
1 may be affected by electrical interference from certain electrical 
“equipment. 
‘Side Eftects 
dy: rejection phenomena, including local tissue reaction, muscle and 
erve stimulation, infection, erosion of pulse generator/lead through skin, 
‘ansvenous lead-related thrombosis, embolism and cardiac tamponade. 


KEY TO 
SYMBOLS 


<] = Sensing Circuit 
[J = Output Circuit 
O = Sensing 

* = Stimulation 
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CARDIOLOGIST—ELECTROPHYSIOLOGIST 


CREIGHTON UNIVERSITY MEDICAL CENTER is offering a position 
for a cardiologist who has special interest and sufficient training in 
Clinical electrophysiology to direct the Electrophysiology Laboratory. 
Present 11 man faculty group conducts a busy clinical, research and 
teaching program and desires to expand and improve the Electro- 
physiology Laboratory. This is a fulltime academic position with 
salary and academic rank commensurate with the level of training 
and experience. 


Please Contact 
SYED. M. MOHIUDDIN, M.D., CHAIRMAN 
SEARCH COMMITTEE FOR DIRECTOR OF 
ELECTROPHYSIOLOGY LABORATORY 
CREIGHTON UNIVERSITY CARDIAC CENTER 
601 NORTH 30th STREET, OMAHA, NEBRASKA 68131 





CHAIRPERSON 


_._ DEPARTMENT OF 
THORACIC-CARDIOVASCULAR 
SURGERY 


Nassau Hospital, a 533-bed teaching hospita 
SUNY at Stony Brook is seeking outstanding cand 
dates to chair its cardio-thoracic department. | 


plicants should have demonstrated clinical, teach- 


ing and administrative skills as well as proven re- 


search productivity. Senior academic rank prefér- » 


red (Professor or Associate Professor of Surgery). 


The department conducts a fully approved open © 


heart program and a large volume of thoracic and 
vascular surgery is performed. There are hospital- 
supported fellowship positions and an opportunity 
for research activities. Send CV to John F. Aloia 
M.D., Professor of Medicine, Chairman, Searc 
Committee. E 
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CV TO BOX 260, THE AMERICAN JOURNAL OF CARDI 
OLOGY, 875 THIRD AVE., NEW YORK, NY 10022. 


eH! 





hour Holter monton. ad all had ergonovine testing during therapy with each agent. Of the 74 tests, 59 we 
negative; 6 of the negative tests occurred when the patient was having >10 chest pains/week and >25 epi- 

< sodes/week of S-T segment deviation. Of the 15 positive tests, 5 occurred when the patient was having no angi- 
na or 8-T deviation. Thus, in the patient with variant angina, disease activity cannot be monitored reliably by er- 
gonovine provocation, since some patients have negative ergonovine tests at a time of marked disease activity, 
whereas others have positive tests at a time of little (or no) disease activity. 


9 Frequency in Nonangioplasty Patients of Morphologic Findings pori in Coronary Arteries Treated” 
_ With Transluminal Angioplasty 


_ JEFFREY M. ISNER and ROBERTA V. FORTIN 


‘In 33 (49%) of 70 patients in whom percutaneous transluminal angioplasty (PTA) had not been.performed. during 
life, necropsy examination disclosed 1 or more findings identical to those observed in necropsy studies of PTA- 
treated arteries. These findings included “plaque fractures" in 31 (or 44%), ‘‘dissection clefts’’ in 26 (33%), anc 
medial thinning in 40 (57%). Observations in these 70 patients indicate that findings previously described in 
PTA-treated patients cannot necessarily be assumed to represent the result of PTA: ! 


Intravenous Nitroglycerin for the Treatment of Angina at Rest Unreeponeye to Standard Nitrate 
Therapy 


KERRY KAPLAN, RICHARD DAVISON, MICHELE PARKER, JEAN PRZYBYLEK, 
J. RUSSELL TEAGARDEN, and MICHAEL LESCH 


Thirty-five patients who had angina at rest unresponsive to standard therapy comprised of oral and topical ni- 
trates and beta-blocking drugs were treated with a continuous infusion of intravenous nitroglycerin. The average 
infusion rate was 140 + 15 ug/min. With intravenous nitroglycerin therapy the number of episodes. of angina at 
rest decreased from 3.5 + 0.4 to 0.3 + 0.1, sublingual nitroglycerin use decreased from 1.9 + 0.3 to 0.4 £0.1 
mg/day, and morphine sulfate administration decreased from 5.5 + 1.3 to.0.4 + 0.2-mg/day (all p <0. 001). 
When each patient's response on the endpoint day was analyzed, 25 were defined as. complete (no rest angina) 

8 as partial (>50% decrease in number of episodes per day from control) and 2 as.nonresponders. No signifi- 
cant drug-induced side effects occurred. Intravenous nitroglycerin appears to be effective therapy, for angina. at z ; 
rest refractory to standard oral and topical medications. : 


99 - Effects of Verapamil on Coronary Hemodynamic Function and Vasomobility Relative to Its. Mechanism 
of Antianginal Action eu 


CHRISTOPHER Y. C. CHEW, B. GREGORY BROWN, BRAMAH N. SINGH, “MAYLENE M. WONG, 
CINDY PIERCE, and ROBERT PETERSEN 





intravenously administered verapamil (0.145 mg/kg followed by 0.005 mg/kg/min infusion) during cardiac cath-.. 
_-..-eterization in patients with coronary artery disease reduced mean arterial.pressure (~ 14% , p <0.001,) systemic 
<: vascular resistance (27%, p <0.01) with a small, insignificant (+ 13%) increase in coronary sinus flow and 
fo. change in myocardial oxygen consumption. A computer-assisted angiographic technique showed that the 
` drug dilated normal as well as stenotic segments of epicardial coronary vessels, producing a mean reduction of 
14% (p <0.01) of estimated stenosis flow resistance; nitroglycerin produced a 28% reduction (p <0.01) under 
comparable conditions: The data suggest that intravenously, verapamil dilates normal as well as narrowed ath- ` 
erosclerotic segments of coronary arteries without a change in oxygen demand. The reduction in stenosis flow 
| ieélstance may contribute to its antianginal actions. 


06 Nifedipine in Chronic Stable Angina: A Double-Blind Placebo-Controlled Crossover Trial 
LON G. SHERMAN and CHANG-SENG LIANG 


rty patients with chronic stable argina pectoris were randomized in a double-blind nicsobelwe placebo-con 
jlled ‘crossover trial to assess the efficacy of nifedipine in controlling symptoms and objective signs of myocar. 
jal ischemia using a symptom-limited treadmill exercise test. Adverse effects that occurred during both nifedi-. 
iné.and placebo treatment were minor and generally weil tolerated. Twenty-three patients were analyzed from- 
the crossover phase of the study. Nifedipine significantly reduced the frequency of angina and nitroglycerin con- 
< -> sumption, and increased exercise time. These changes were significantly greater than those in the placebo. 
: “group. Hemodynamic evaluation during exercise revealed a significant reduction in systolic and diastolic blood.” 
-pressures inthe nifedipine group at the onset of angina and at maximal exercise without significant differences 
in heart rate responses in the nifedipine and placebo groups. The pressure-rate product during submaximal exer- S 
` cise was significantly smaller in the nifedipine group than in the placebo group, but did not differ significantly in 
_ the 2 groups at the onset of angina or on maximal exercise. Furthermore, S-T segment depressions that oc-. 
Ei curred a duning exercise at the same pressure-rate products were smaller i in 1 the wo. pee than i in the pla- : : 
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FOR 
ANGINA 
PROPHYLAXIS 


SUSTAINED RELEASE 


2.5.65 90 mg CAPSULES 


NITROSTAT SR 
(NINOQIVCErIN CANSUIes) 


E complementary therapeutic effect: nitrates and beta-adrenergic blocking agents 
reduce myocardial oxygen demand by different mechanisms 
Mechanism I: Nitrates reduce myocardial oxygen requirement by acting on systemic 
circulation. Their vasodilator action decreases venous return and systemic arterial 
resistance, thus improving the balance berween the need and supply of oxygen. 
Reduction in the myocardial oxygen requirement appears to be the major action 
of nitrates in relieving typical angina. However, selective dilatation of large coronary 
vessels by nitrates may be the primary mechanism by which they benefit patients 
with angina due to coronary spasm." 
Mechanism Il: In contrast, beta-blockers block the beta receptor sites in the heart 
itself. They work by reducing the heart rate and the force of contraction, thereby 
lowering oxygen demand. In addition to cardiac output and heart rate, blood 
pressure is also decreased. 
Bera-blockers may reduce the oxygen requirement of the heart at any given level 
of effort by blocking catecholamine-induced increases in heart rate, systolic blood 
pressure, and the velocity and extent of myocardial contraction. 


m diminished side effects: some of the negative aspects of the effects of each drug are 

_ reduced. For example, concomitant nitrates oppose the increased ventricular size, filling 
pressure, and end-diastolic pressure caused by beta-adrenergic antagonists. 

3 The effects of NITROSTAT® SR and a beta-blocker are complementary. 

The result can be improved therapy for angina prophylaxis. 


E all day and all night prophylactic action with just two or three daily doses* 


vis 


How Supplied: 2.5-mg and 6.5-mg strengths, in bottles of 60 and 100 capsules. 
Also, 9.0-mg strength, in bottles of 60 capsules. 
Please see next page for brief summary of prescribing information. 


é NITROSTAT® SR...Backed by the experience and reputation of PARKE-DAVIS 







| *Based on a review of this drug by the National Academy of Sciences—Narional Research Council and/or other informarion, FDA has classified the indication as follows. 
“Possibly” effective: For the management, prophylaxis or treatment of anginal attacks. Final classification of rhe less-than-effective indication requires further investigation. 





REFERENCE: 1. Needleman P Johnson EM Jr: Vasodilators and the treatment of angina, in Gilman AG, Goodman LS and Gilman A (eds): Goodman ond Gilman's The Pharma- 
cological Basis of Therapeutics, ed 6. New York, Macmillan Publishing Co, Inc, 1980, pp 819-833 
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"Before prescribing, please 
see full prescribing information 
A Brief Summary follows: 





INDICATION: Based on a review of 
| this drug by the National Academy 
of Sciences~National Research 
Council and/or other information, 
FDA has classified the indication as 
follows. - l 
“Possibly” effective: For 
the management, prophylaxis.‘or .. 
treatment of anginalattacks. | 
Final-classification of theless- 
than-effective indication requires 
further investigation. 











CONTRAINDICATIONS: 

~ Acute or recent myocardial infarction 
severe anemia, closed-angle 
„glaucoma; postural hypotension, 
increased intracranial pressure and 
idiosyncrasy to the drug. 
“WARNINGS: 

Capsules must be swallowed. 

“FOR ORAL, NOT SUBLINGUAL USE. 
Nitrostat SR Capsules are not intended 
forimmediate relief of anginal attacks. 


“PRECAUTIONS: 


Intraocular pressure may. be increased: 


therefore, caution is required in. 


administering to patients with glaucoma. 


Tolerance to this drug and cross- 
tolerance to other organic nitrites and 
"nitrates may occur. If blurring of vision, - 
_ dryness of mouth or lack of benefit 
occurs, the drug should be 
“discontinued. 


ADVERSE REACTIONS: 
-Severe and persistent headaches, 


cutaneous flushing, dizziness and 
weakness. Occasionally, drug rash or 


exfoliative dermatitis, and nausea and 


vomiting may occur, these responses 
“may disappear with a decrease in 
cosage. Adverse effects are enhanced 
by ingestion of alcohol, which 
“appar to increase absorption from 
thegastrointestinal: tract. 


DOSAGE AND ADMINISTRATION: 
„Administer the smallest effective dose 
2 or3 times daily, at 8- to 12-hour 
intervals, unless clinical response 
“suggests a differentregimen: 


“Discontinue if not effective. opsacow 


- Manufactured by: io 
“KV Pharmaceutical Company 
St Louis, Missouri 63144 
‘Distributed by - ; 
-PARKE-DAVIS | a 
“Division of Warner- Lambert Omp 
| Moris: Plains, New Jersey 07950 
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: wanted to. join three man cardiology inertial medicine group ir in 
Piedmont North Carolina. Please send curriculum vitae’ and. 


references to Box 245, The American Journal of Cardiology, 875 : 
Third Ave., New York, NY 10022. 








CARDIOLOGIST 


EXPANDING CARDIOLOGY DEPARTMENT TO THREE CARDI- ` 
OLOGISTS. BOARD CERTIFIED OR. ELIGIBLE CARDIOLOGIST 


TO JOIN MULTISPECIALTY PREPAID GROUP IN HAWAR °°). 


STIMULATING PRACTICE; UNIVERSITY-AFFILIATED TEACH- 
ING PROGRAM; EXCELLENT FRINGE BENEFITS. 


WRITE: HAWAII PERMANENTE MEDICAL GROUP, INC: 
1697 ALA MOANA, HONOLULU, HAWAI 96815 > 
(AN EQUAL OPPORTUNITY EMPLOYER}. 








CARDIOLOGIST-ELECTROPHYSIOLOGIST. The Marshfield Clinic is : 
seeking a board certified/eligible cardiologist with extensive training. 
and experience in electrophysiolagy and all aspects. of arrhythmia 
evaluation and management. This individual will complement an existing | 
eight mernber Department of Cardiology ina large multispecialty cinic. 
Send. CV to W: Bruce Fye, M.D.: Chairman, Department of Carlene: 
Marshtield Clinic; Marshfield, Wisconsin, 54449, 














CARDIOLOGIST wanted to join 3 other cardiologists. Con 
bine teaching and Private practice. Must be board: cert 
and have experience in all aspects of invasive and 
invasive. studies. Please reply with curriculum: vita 

À. yetak M.D., 888 So. Rancho Drive, Las Vegas, N 





Northeastern Pennsylvania--Dynamic practice opportuni iology 
available, Modern JCAH approved; 160 bed general acute care hospital. 


-forty-five minutes northwest of Allentown, Pennsylvania; 


standing potential and opportunity int excellent geographic Ic 


apes building ciai ‘practice. Please send resume to Tod Mami 
aoe, | Serv tr | Marke 


treet, philadelphia, 
15-925-351 Tin PA). 





Marquette’s New Series 7000 
Patient Monitoring System 





When Marquette Electronics decided to enter the patient monitor- 
ing business last year, we were determined to bring some new 
technology to the field. You see, in a fiercely competitive business, 
we only know one way to get ahead and that is to improve the state 
of the art by applying high technology. 


That’s why we’re introducing the Series 7000, a new bedside moni- 
tor/computer that looks at four ECG leads simultaneously for greatly 
improved arrhythmia calls and positive identification of electrode 
failure. 


And we extended the frequency response in blood pressure 
monitoring to 50 Hz with automatic pressure line compensation for 
cath lab quality at the bedside. 


That’s just two innovations we're introducing with the new Series 
7000. Your Marquette sales engineer can tell you much more. 





Make sure you see this innovative equipment at 
The American College of Ca meeting in 
New Orleans this month. 


Maa 


World Headquarters + 8200 West Tower Avenue + Milwaukee, WI 53223 U.S.A « Tel. (414) 355-5000 TWX %0-262-3074 MEI MIL 
European Headquarters « 10-12 rue de l'Abreuvoir, 92400 Courbevoie, France (Paris) « Tel. (1) 788-4181 Telex 620 362 MEIF 
Japan~ Tokibo Co, Ltd. + 3-4 Higashiazabu, 2 Chome, Minato-Ku, Tokyo Japan 4106 « Tel. (03) 586-1424 Telex 242-3789 MEDICA J 
Canada * Ingram and Bell Medical + 20 Bond Avenue « Don Mills, Ontario, Canada M3B 4L9 « Tel. (416) 444-7381 Telex 06-966-622 INGBELL TOR 
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itodipine on Coronary Blood Flow and Myocardial oeron 





-Consumption — 
PETER SCHANZENBÄCHER, GERHART LIEBAU, PETER DEEG, and KURT KOCHSIEK 


The effect of intravenous and intracoronary nifedipine on coronary sinus blood flow, coronary vascular resis- 
tance, and myocardial oxygen consumption was studied in 20 patients with coronary artery disease. Intravenous 
infusion of 1,0 mg of nifedipine resulted in a decrease in mean aortic pressure, an increase in heart rate and cor- 
onary blood flow, and no significant change in myocardial oxygen consumption. In contrast, intracoronary injec- 
tion of 0.1 mg of nifedipine led to a moderate reduction in mean aortic pressure, no change in heart rate, an in- 
crease in coronary blood flow, and a significant reduction in myocardial.oxygen consumption. During rapid atrial 
pacing before and approximately 6 minutes after the intracoronary nifedipine injection, coronary blood flow and 
myocardial oxygen consumption reached identical levels. Thus, only intracoronary injection of ‘nifedipine in- 
creases coronary flow in the presence of reduced myocardial oxygen consumption. After intravenous adminis- 
tration, reflex tachycardia counteracts the direct myocardial effect of nifedipine and the potential oxygen-saving 
effect of afterload reduction. There is no evidence of a prolonged oxygen-sparing effect after cessation of the: 
immediate effects. 


718 Electrocardiographic Criteria for the Diagnosis of Combined Inferior Myocardial Infarction and Left 
Anterior Hemiblock 


“ROBERT. A. WARNER, NORMA E. HILL, SAKTI MOOKHERJEE, and HAROLD SMULYAN 





New electrocardiographic criteria based on vectorcardiographic principles for diagnosing the combination of in- 

ferior infarction and left anterior hemiblock are proposed. The proposed criteria can be applied to tracings ob- 

_ tained with 3-channel electrocardiographic machines and are as follows: (1) leads aVR and aVL both end in R 

“waves, with the peak of the terminal R wave in lead aVR occurring later than the peak of a terminal R wave in 

-lead aVL; and (2) a Q wave of any magnitude is present in lead Il. The performance of the proposed criteria is sta- 
_Aistically superior to that of each of 10 sets of traditional electrocardiographic criteria for the diagnosis. 


“Improved Electrocardiographic Criteria for the Diagnosis of Left Anterior Hemiblock 


23 
: ROBERT A: WARNER; NORMA E. HILL, SAKTI MOOKHERJEE, and HAROLD SMULYAN 

















































“New electrocardiographic criteria for diagnosing left anterior hemiblock are proposed. The proposed criteriaare 
based-on a method of analysis that permits diagnostically important features of the vectorcardiographic frontal’... - 
plane QRS loop to be inferred from the electrocardiogram. The proposed criteria can be applied to tracings ob- == 
tained with 3-channel electrocardiographic machines. and are as follows: (1) the QRS complexes in leads aVR. 
and aVL each end in R waves (terminal R waves), and (2) the peak of the terminal R wave in lead aVR occurs 
later than the peak of the terminal R wave in lead aVL.. The performance of the proposed criteria is statistically: 
bean to each of 2 sets of traditional QRS axis criteria for the diagnosis. 


a7 Effects of Provocation on Transcardiac Thromboxane in Patients With Coronary Artery Disease 


PAUL D. HIRSH, BRIAN G. FIRTH, WILLIAM B. CAMPBELL, GREGORY J. DEHMER, 
JAMES T. WILLERSON, and L. DAVID HILLIS 


Simultaneous ascending aortic and coronary sinus blood samples were obtained for quantitation of thromboxane 

B, in 52 patients provoked with rapid cardiac pacing, cold pressor stress, or sustained isometric exertion. Five. 

had a >3-fold increase in coronary sinus thromboxane Bz: 1 had unstable angina and chest pain during the previ- >o. 

| ous 48 hours and 4 had a myocardial infarction within the previous 6 weeks. Similarly, 7 hada >3-fold increase =) 
` -inthe coronary sinus/aortic thromboxane By ratio: 1 had unstable angina and recent chest pain, 5 had arecent |- 

myocardial infarction, and 1 had both. The remaining patients with similar diagnoses did not have a marked in- 

crease in thromboxane Bz. None of the 35 patients with stable ischemic heart disease or nonischemic chest pain 

<. syndromes had a substantial. increase in thromboxane Bz (p <0.001). Thus, generous amounts of thrombo 

Be are released into the | coronary circulation after provocation in some patients with unstable angina or recen 
myocardial: infarction but not in those with stable ischemic heart disease or nonischemic chest paly S 

cioe dromes. a 


4 “precordial S-T Segment Depression i in Inferior Myocardial Infarction. Evaluation by Quantitative 
_ Thallium-201 Scintigraphy and Technetium-99m Ventriculography 


‘< LAWRENCE. ONG, BENILDA VALDELLON, JAMES COROMILAS, ROBERT BRODY, PETER REISER, and 
JOHN MORRISON - ee 





oe Seventy patients with acute inferior myocardial infarction were studied with early thallium-201 scintigraphy and z 
i technetium-99m_ ‘ventriculography. Patients with precordial S-T segment depression did not: have significantly ponni 
-more anteroseptal hypokinesia, anterior thallium-201 perfusion defects, or ‘thallium-201. redistribution abnor- 
malities. They did have a lower mean ejection fraction, greater interoposterior hypokinesia, and targer infero- a 
; posteri or perfusion def c 











No strain. 


By its stool-softening action alone, COLACE prevents hard, 
dry stools common to constipation. Keeps straining at stool 
at a minimum— particularly important for patients with 
anorectal disorders. Entirely free of laxative stimulation. 


Available as capsules, syrup, or liquid. 


GOLACE Se 


DOCUSATE SODIUM 


FX 


The world’s most widely used stool softener 


Colace® is a Registered Trademark of Mead Johnson & Company M dji 
ead (ISON PHarmaceuticar DIVISION 


© 1983 Mead Johnson & Company * Evansville, Indiana 47721 USA MJL 2-4745 





Full-Spectrum Doppler’: 7 
Because 2-D imaging alone is like 
watching a silent movie 


Just as a silent movie can’t tell it all, a silent 2-D the optimum angle to flow for the most accurate 
image can’t convey everything that's happening measurement. 


inside the heart Once oriented correctly, pulsed Doppler provides 

Now, the newest dimension in echocardiography the resolution needed for precise localization and 
only from Irex...2-D imaging, M-mode, plus selective sampling. CW Doppler is essential to detect 
FULL-SPECTRUM DOPPLER? for the noninvasive the high flow velocities of most cardiac lesions and to 
assessment of both hemodynamics and anatomy... assess the degree of obstruction. Only the Irex Phased i 
a technique you can learn easily and quickly, with full Array Imaging System gives you both modes for the | 
training support from Irex. complete simultaneous 2-D/Doppler examination... 


In the unique Irex System, the Doppler audio signa! plus a full-spectrum audio signal to verify results. 
is the key to getting the proper information from the Hear FULL-SPECTRUM DOPPLER for yourself. 
Doppler examination...because it alone guides you to Send for your audiocassette. Complete and return 
the coupon to hear the sound of a sound diagnosis. 


Come see us at the upcoming ACC meeting in New Orleans, 
March 21-24 at 461 Rivergate Convention Center— 
IREX Booth #1461. 


IREX 


Sound technology at work*” 
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ct size in a multivariate analysis, sence of precordial $-T segme de- a : 
‘pression did not have independent prognostic value. Significant dependent prognostic variables were Killip 
class, initial left ventricular ejection traction <40%, and pulmonary vascular congestion on admission chest ra- a 
diography. 


41 Radionuclide-Determined Changes in Pulmonary Blood Volume and Thallium Lung Uptake in Patients 
‘With Coronary Artery Disease 


RICHARD A. WILSON, ROBERT D. OKADA, CHARLES A. BOUCHER, H. WILLIAM STRAUSS, and 
GERALD M. POHOST 


Exercise-induced increases in radionuclide-determined pulmonary blood volume (PBV) and thallium lung uptake 
have been described in patients with coronary artery disease (CAD) and have been shown to correlate with tran- 
sient exercise-induced left ventricular dysfunction. To compare these 2 techniques in the same patients, 74 pa- |< 
tients (69 with and 15 without significant CAD) underwent supine bicycle exercise twice on the same day—first 
for thallium myocardial and lung imaging and then for technetium-99m gated blood pool imaging for the PBV ratio 
determination. Thallium activity of lung and myocardium was determined to calculate the thallium lung/heart 
ratio. Relative changes in PBV from rest to exercise were expressed as a ratio of pulmonary counts (exercise/ 
rest). The results indicate the following conclusions: (1) the prevalence of an abnormal thallium tung/heart ratio 

is smaller than that of the PBV ratio in patients with CAD; (2) both tests are normal in:normal control subjects; (3) 
propranolol does not cause abnormal results in normal contro! subjects; however, propranolol may influence 
lung thallium uptake in patients with CAD; and (4) when both tests are abnormal, there is a high likelihood of mul- 
tivessel disease. 


749 Sinus Node Coronary Arteries Studied With Angiography 


MICHAEL K. KYRIAKIDIS, COSTAS B. KOUROUKLIS, JOHN. T. PAPAIOANNOU, 
STAMATIS G. CHRISTAKOS, GEORGE P. SPANOS, and DIMITRIS G. AVGOUSTAKIS 


Coronary angiograms of 309 consecutive patients undergoing coronary angiography were reviewed to investie 
gate the blood supply to the sinus node area. Blood was supplied from the right coronary artery in 59% of cases; 
from the left coronary artery in 38%, and from both coronary arteries:in 3%. The posterior sinus. node artery”. 
was demonstrated in 32 patients (27 %-of the 119 patients with the sinus node artery originating from the left.cir-. 
cumflex and 10.5% of all patients). a 


l 51 Beneficial Effects of Ibuprofen in Pacing-Induced Myocardial Ischemia 
PAUL WALINSKY, J. BRYAN SMITH, ALLAN M. LEFER, and LESLIE WIENER 


The effect of ibuprofen on cathepsin D, a marker of lysosomal-membrarie leakiness, and on thromboxane Bs, 
a marker of platelet activation, was evaluated in 44 patients with angina pectoris. Coronary sinus and systemic == 
arterial blood were analyzed tor cathepsin D, thromboxane B- and lactate before and after atrial pacing to 140...» 
beats/min for 4 minutes. Ibuprofen (800 mg) or placebo was administered orally 2 hours before catheterization. 
There were 4 subgroups based on administration of ibuprofen or placebo and based on demonstration of lactate 
extraction or production. Patients with lactate production given placebo had a significant increase in thrombox- 

ane Bz level and in cathepsin D activities after atrial pacing..ln contrast, patients with lactate production given. 
ibuprofen and patients with lactate extraction had no significantefflux of either thromboxane Be or cathepsin D: > 
after pacing. These findings suggest that ibuprofen stabilizes lysosomal membranes and prevents platelet acti- : 
vated release of thromboxane Az in pacing-induced myocardial ischemia. 


755. Improved Exercise Ventilatory Responses After Training in Coronary Heart Disease During Long-Term 
_ Beta-Adrenergic Blockade 


NEIL F. GORDON, PIETER E. KRUGER, and JONES F. CILLIERS 


©! Exercise ventilatory responses of 7 men with well-documented myocardial infarction receiving long-term 

adrenergic blockade were studied before and after 4 months of endurance training. Observations were « 
during graded levels of upright treadmill exercise continued until 85%. of the predetermined symptom r 
heart rate (working heart frequency limit) was obtained. This submaximal. testing procedure revealed a sig 
cant slowing of the heart rate (p <0.005) together with an increased oxygen pulse (p. <0.05) after traini 
what was previously a maximal work load for the working heart frequency limit. In addition, all patients ach 
an increased exercise duration and work load, accompanied by significant increases in maximal oxygen u 

- -c (p <0.01), oxygen pulse (p <0.025), and respiratory exchange ratio, for their working heart frequency limi 

“exercise conditioning. These results ‘show that prolonged physical training results in physioidgie Pdapta 

T cardiac rehabilitation. in the eprmeenee < of ong tem beta-adreneryie blockade. ; 


Continued ‘on ' Page ‘AAO: 
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Valium” 
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hours 


Plasma concentration of diazepam after a single dose of 0.1 mg/kg 


IV toa single subject administered before (—) and after (---) 
pretreatment with cimetidine—5 X 200 mg orally q6h. (Adapted 
from Klotz U, Reimann |: N Eng! J Med 302:1012-1014, 1980.) 






Ativan® $ 
(lorazepam) 


~ 
after ~ 
cimetidine 


ng/ml 


01 ee a 
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hours 

Plasma concentration of lorazepam after single dose of 2 mg IV in 
8 normal subjects before (—) and after (---) 7 days of treatment 
with cimetidine, 300 mg orally qid. (Adapted from Patwardhan RV, 
Yarborough GW, Desmond PV, et al: Gastroenterology 79:912-916, 
1980.) 





because it doesnt utilize the PASO system 


All drugs inactivated by oxidative metabolism, 


including cimetidine and most benzodiazepines, 


utilize the cytochrome P450 oxidase enzyme 
system and, therefore, compete for it when 
given concomitantly. Patients on cimetidine, 
for example, are apt to experience excessive 


drowsiness when taking a benzodiazepine depen- 


dent on this system—because benzodiazepine 


clearance is delayed and plasma levels increase. 


Ativan” (lorazepam) is inactivated by simple, 
one-step glucuronidation and is not subject 
to N-dealkylation or hydroxylation by the P450 
system—unlike diazepam, chlordiazepoxide, 
clorazepate and prazepam, all CIV. 


Laboratories 


‘ í Philadelphia, PA 19101 


And, since Ativan does not compete for the 
P450 system, its elimination is not appreciably 
affected by concomitant use of cimetidine... 
one more reason why Ativan is becoming the 
anxiolytic of choice for an increasing number 
of physicians. 


See important information on following page. 
Copyright © 1982, Wyeth Laboratories. All rights reserved. 


„Ativan 
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indications and Usage: Management of anxiety 
disorders or short-term relief of symptoms of anxiety 
or anxiety associated with depressive symptoms, Anxiety 
or tension associated with stress at everyday life usually does 
not require treatment with an anxiolytic. 
Effectiveness in long-term.use, ie., more than 4 months, has not 
been assessed by systematic clinical studies. Reassess periodically 
usefuiness of the drug for the individual patient, 
Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle 
glaucoma. 
Warnings: Not recommended in primary depressive disorders or psychoses. As with all 
¿| CNS-acting drugs, warn patients not to operate machinery or motor vehicles, and of dimin- 
ished tolerance for aicohal and other CNS depressants. 
ʻi: Physical.and Psychological Dependence: Withdrawal symptoms like those noted with barbitu- 
fates and alcohol have occurred follawing abrupt discontinuance of benzodiazepines (including 
convulsions, tremor, abdominal and muscle cramps, vomiting and sweating), Addiction-prone 
individuals, e.g. drug addicts and alcoholics, should be under careful surveillance when on ben- 

‘< ROdiazepines because of their predisposition to habituation and dependence, Withdrawal symp- 

“toms ‘have also been reported following abrupt discontinuance of benzodiazepines taken 
“continuously at therapeutic levels for several months. 

Precautions: in depression accompanying anxiety, consider possibility for suicide. 

; <. For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid overse- 

dation. Terminate dosage gradually since. abrupt withdrawal of any antianxiety agent may result in 
‘symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occasional 
convulsions. Observe usual precautions with impaired renal or hepatic function, Where gastroin- 

». testinal or cardiovascular disorders coexist with anxiety, note that lorazepam has not been shown 
of significant benefit in treating gastrointestinal or cardiovascular component. Esophageal dila- 
tion occurred in rats treated with lorazepam for more than 1 year at 6mg/kg/day. No effect dose 

Was 1.25mg/kg/day (about 6 times maximum human therapeutic dose of 10mg/day). Effect was 
reversible only when treatment was withdrawn within 2 months of first observation. Clinical sig- 

“nificance is unknown; but use of lorazepam for prolonged periods and in geriatrics requires cau- 
tion and frequent monitoring for symptoms of upper G.I. disease. Safety and effectiveness in 
children under 12 years have not been established. 

ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LOH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 

CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 

CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in rats 
during an 18-month study. No studies regarding mutagenesis have been performed. 

PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 

-Occasional anomalies (reduction of tarsalis, tibia, metatarsals, malrotated limbs, gastroschisis, 
> malformed skull and microphthaimia) were seen in drug-treated rabbits without relationship to 

“dosage. Although all these anomalies were not present in the concurrent contro! group, they have 
been reported to occur randomly in historical controis. At 40mg/kg and higher, there was evi- 

“dence of fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

_ Glinical significance of these findings is not known. However, increased risk of congenital malfor- 
mations associated with use of minor tranquilizers (chiordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be preg- 
nant at institution of therapy should be considered. Advise patients if they become pregnant to 

_ communicate with their physician about desirability of discontinuing the drug. In humans, blood 

“levels from umbilical cord blood indicate placental transfer of lorazepam and its glucuronide. 

NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other ben- 
zodiazepines, As a general rule, nursing should. not be undertaken while on a drug since many 
drugs are excreted in milk. 

Adverse Reactions, it they occur, are usually observed at beginning of therapy and generally dis- 
appear on continued medication or on decreasing dose. Ina sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), weak- 
hess (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nausea, 
change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye tunt- 
tion disturbance, various gastrointestinal symptoms and autonomic manifestations. Incidence of 
“sedation and unsteadiness increased with age. Small: decreases in blood pressure have been 

. hoted but are not clinically significant, probably being related to relief of anxiety. 

Overdosage: in management of overdosage with any drug, bear in mind multiple agents may 

- have been taken.. Manifestations. of overdosage include somnolence, confusion and coma. 

Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitoring 
Sighs. and close observation. Hypotension, though unlikely, usually may be controlled with 
nol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined. 


® 
@ 
(Ativan: 


OSAGE: Individualize for maximum beneficial effects. Increase dose gradually 
when needed, giving higher evening dose before increasing daytime doses. Anxi- 
ety, usually 2-3mg/day given b.l.d. or t.Ld.; dosage may vary from 1 to 10mg/day 
‘in divided doses. For ty or debilitated, Initially 1-2mg/day; insomnia due to 
anxiety or transient situational stress, 2-4mg his. hee 

: HOW SUPPLIED: 0.5, 1.0 and 2.0mg tablets. 





NOTICE OF PUBLIC SALE _ 


-° NOTICE is hereby given that JOHN and LINDA VALENTINE as 


the secured party in. possession of their collateral furnished ‘to 
them by their debtor, Bomed Medical Manufacturing, Ltd., will self 
that collateral, for cash, at public sale on Tuesday, April 5, 1983, at. 


10:00 A.M. at ihe offices of Drummy Garrett King & Harrison at 


3200 Park Center Drive, Suite 1000, Costa Mesa, California, The 
collateral is generally described in the Financing Statement filed 
with the Office of the California Secretary of State as “(a) all of 
Debtor's right to manufacture, sell and license others to manufac- 
ture and sell three devices (the devices") developed by Debtor 
commonly known as (1) the Heart Rate Monitor, (2) the Depil-X, ` a 
and (3) the Bioimpedance Analyzer; (b) that certain Patent for Ac- ` 
celerated Electrolysis issued June 11, 1974, being Patent No. 
3815603 relating to the Depil-X; and (c) all proceeds of the forego- 
ing Collateral.” 


This personal praperty is owned by Bomed Medical Manufactur- 
ing, Ltd. and is located at 130 McCormick Avenue, Suite 109, 
Costa Mesa, California and is subject to that certain Security 
Agreement dated June 23, 1982 between it and JOHN and LINDA 
VALENTINE, that certain Financing Statement dated June 23, 
1982 filed in the Office of the Secretary of State of the State of. 
California on June 28, 1982, and that certain Notice of Assignment 
and Assignment of Patent for Security Purposes Only dated June 
23, 1982 and filed in the office of the Commissioner of Patents and 
Trademarks in Washington, D.C., on June 28, 1982. 


The sale is being held to enforce the rights of JOHN and LINDA 
VALENTINE as secured party in possession of their collateral un- 
der and pursuant to the above-mentioned Security Agreement, Fi- 
nancing Statement, Notice of Assignment and the California Uni- 
form Commercial Code. : 


For additional information concerning the above sale, and the 
Heart Rate Monitor, Depil-X, and Bioimpedance Analyzer, please 
contact Alan |. White of Drummy Garrett King & Harrison, attorneys 
for JOHN and LINDA VALENTINE, at P.O. Box 5080, Costa Mesa, 
CA 92626, or at the following telephone number: (714) 850-1800, 


CARDIOLOGIST—IMMEDIATE OPENING FOR A BOARD CERTIFIED 
OR ELIGIBLE CANDIDATE AT THE KING-DREW MEDICAL CENTER 
LOS ANGELES. MUST QUALIFY FOR ACADEMIC APPOINTMENT A 
UCLA AT ASSISTANT OR ASSOCIATE PROFESSOR LEVEL, CALL 
AND SEND RESUME TO: Dr. Ravi Prakash, Professor and Chief of: 
Cardiology, 12021 S. Wilmington Ave., Los Angeles, CA 90059'213/ 
603-4567. cee nee 


ACADEMIC CARDIOLOGIST. 


Director of Nuclear Cardiology is sought for an expandin 
program in a large teaching hospital on Long Island, N 
York. This position is geographic, full-time, and. 
perisation is attractive. Applicant should be Board Cert 

in Internal Medicine and in Cardiovascular Diseases, Quali- 
fications for the academic. rank of Associate Professor or 
higher is desirable. Outstanding, enthusiastic teacher/clini. 


_ Cian with proven. administrative and research ability is 


ight. Send CV in confidence to Steven M: Zeldis, M.D 


Acting Chief of Cardiology, Nassau Hospital, 259 Fi 


Street, Mir ew York 11501. 








The end of the “one-defibrillator- 
meets-all-needs” theory. 
From the field to the various departments in the hospital, cardiac care offers more 


problems and situations than one system can efficiently handle. 


Which is why Physio-Control has a family of LIFEPAK® defibrillator/monitors. Each 
one gives you specialized features designed to meet your specific needs. 


You can depend on the whole LIFEPAK family for ease of operation and outstanding 
reliability. And service from the best in the industry. Physio-Control. 


You can’t beat the system. 
LIFEPAK defibrillator/monitors from Physio-Control. 


Redmond, Washington USA - (206) 881-4000 


©1983 Physio-Control Corporation 














j 7A83-383AJC 
Pi Please send information on the 
LIFEPAK® family defibrillator/monitors Name 
from Physio-Control. 
Facility Title 
Mail to: j i i . RA 
Physio-Control Corporation 
11811 Willows Road City State Zip 





Redmond, Washington 98052-1013 USA 
‘ Attn: Communications Department Phone 





ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


59 _Disopyramide: Evaluation of Electrophysiologic Effects and Clinical Efficacy in Patients With 
Sustained Ventricular Tachycardia or Ventricular Fibrillation 


BRUCE B. LERMAN, HARVEY L. WAXMAN, ALFRED E. BUXTON, and MARK E. JOSEPHSON- 


The efficacy of disopyramide was evaluated by programmed ventricular stimulation in 50 patients who had a his- 

tory of sustained ventricular tachyarrhythmias. Disopyramide prevented induction of sustained ventricular tachy- 

cardia in one third of patients studied and remained effective therapy in 80% of those discharged on the drug. 

Regardless of response to disopyramide, plasma levels, ventricular refractory periods, QRS and Q-Tc durations 

did not differ significantly. Although minor side effects developed in 20% of patients receiving disopyramide, the 

major factor limiting its use was myocardial depression. This occurred only in patients with preexisting ventricu- 
“lar dysfunction. 


65 ‘Effects of Oral Digoxin on Ventricular Ectopy and Its Relation to Left Ventricular Function 


ALAN H. GRADMAN, MOIRA CUNNINGHAM, MARY A. HARBISON, HARVEY J. BERGER, and 
BARRY L. ZARET 


“The ventricular antiarrhythmic properties of oral digoxin were examined in 13 patients with chronic ventricular 
“ectopy using serial 24-hour electrocardiographic monitoring. For the group as a whole, mean premature ventric- 
„ular contraction frequency (per 1,000 normal beats) decreased from 56.1 + 46.6 during the placebo period to 
40.0 + 27.2 (difference not significant) and 24.8 + 17 (p <0.05) during daily administration of digoxin, 0.25 and 
0.375 mg, respectively. Radionuclide left ventricular ejection fraction was measured during the placebo period. 
Both mean premature ventricular contraction and couplet frequency decreased significantly in the 7 patients 
with normal left ventricular performance, while the patients with abnormal resting ejection fractions showed no pe 
significant reduction in arrhythmia occurrence after digoxin administration. This study indicates that digoxin is z 
- a moderately effective ventricular antiarrhythmic agent, and that its effects are greatest in patients with normal 
overall left ventricular function. 


70 < Cardiac Electrophysiologic Effects of Flecainide Acetate for Paroxysmal Reentrant Junctional 
- Tachycardias 


KEVIN J. HELLESTRAND, ANTHONY W. NATHAN, RODNEY 5. BEXTON, ROWORTH A. J. SPURRELL, 
and A, JOHN CAMM 


Intravenous flecainide acetate wis administered to 18 patients ‘with a direct accessory atrioventricular (AV), 
pathway and 15 patients with functibnal longitudinal A-H dissociation (dual A-H pathways). Flecainide was given. / 
to 14 patients during sustained AV reentrant tachycardia and to 9 patients during sustained intra-AV nodal reen- ~ 
trant tachycardia. AV reentrant tachycardia was successfully terminated in 12 patients, due to retrograde acces- > 
sory pathway block in 11 and AV nodal block in 1. Tachycardia reinitiation was not possible in 6 patients. Fle- 

_ Gainide significantly increased both anterograde and retrograde accessory pathway effective refractory periods. 
Intra-AV nodal reentrant tachycardia was successfully terminated in 8 patients, due to retrograde ‘fast’ A-H: ee 
pathway block in 7 patients and anterograde “slow” A-H pathway block in 1. Reinitiation was not possible in 4 
patients. Flecainide selectively prolonged the retrograde effective refractory period of the fast A-H pathway only. 

_ Flecainide acetate effectively terminates reentrant junctional tachycardias by increasing accessory AV Path 
and une fast A-H pathway refractoriness. 


77 ‘Cardiac Effects of Treatment With Quinidine and Digoxin, Alone and in Combination 


KARIN SCHENCK-GUSTAFSSON, TOMAS JOGESTRAND, LARS-ÅKE BRODIN, ROLF NORDLANDER, i 
-RUNE DAHLQVIST 


‘Systolic time intervals (QS.-I and LVET-I) and echocardiographically determined ejection fraction and 
"of circumferential fiber shortening were recorded in 10 healthy volunteers, as measures of inotropic 
ing sequential maintenance treatment with the following drug regimens: (1) quinidine:alone, 1,200 mg 
digoxin alone, (3) combined treatment with quinidine and digoxin, (4) digoxin alone with increased dose 
- duce the same steady-state level as during the combined quinidine-digoxin treatment. Quinidine prolong 
digoxin caused a dose-related shortening of systolic time intervals. The addition of quinidine to digoxin trea 
_. further shortened QS,-I. By correcting for the negative inotropic effect of quinidine itself, the molar effe 
-. goxin on systolic time intervals was the same, irrespective of absence or presence of quinidine. Druge 
- echocardiographic measurements were less marked but followed the same directions as the systolic time 
: vals. This study performed under steady-state conditions demonstrates that the quinidine-induced incre 
p steady-state serum digoxin concentration will, with due consideration to quir 3 Own. pharmacodynamic 
~~ properties, be accompanied by increased cardiac effects. This indicates that quinidine not arene with al ; 
: ‘tive (oe sites in the heart for digoxin, i PE E Ka es 





anew name in cardiovascular therapy. 
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Picker International is 


the source for 


cardiography systems. 


To you, this is important. 





Having a single source dedicated to 
meeting all of your cardiography 
equipment needs can save time in your 
decision making process. 

And, a single source for your service 
and supply needs can save you time 
after your purchase, as well. 

This three channel ECG with its 
versatile interactive memory is just one 
of the exciting new products available 
from our Cambridge Medical 
Instruments Group. Others include 


automatic and manual single channel 
ECG’s; conventional and computer 
assisted stress test systems; ambulatory 
and telemetry monitoring systems; and 
the first truly portable ultrasound 
system. 

We'd like to tell you more about our 
cardiography systems. Please write 
Picker International, Inc., 

73 Spring St., Ossining, NY 10562; 
Telephone 914/941-8100 
or Telex 137337. 


PICKER INTERNATIONAL 


_ SYSTEMIC HYPERTENSION 


783 


_ Immediate Hemodynamic Effect of a New Calcium-Channel Blocking Agent (Nitrendipine) in 


-Essential Hypertension 


HECTOR O. VENTURA, FRANZ. H. MESSERLI, WILLIE OIGMAN, FRANCIS G. DUNN, EFRAIN REISIN, 
and EDWARD D. FROHLICH 


The immediate hemodynamic effects: of nitrendipine were studied in 12 patients with mild essential hyperten- 


Sion, Patients were classified as responders (decrease = 10 mm Hg, 7 patients) or nonresponders (< 10 mm Hg, 


.§.patients) according to the observed decreases in mean arterial pressure. The decrease in arterial pressure in. i $ 


a responders was associated with a significant decrease in total peripheral resistance and a significant increase 


‘in heart rate, cardiac index, and left ventricular ejection rate. Plasma norepinephrine was significantly increased | 
in the responders. It is concluded that nitrendipine lowered arterial pressure as a result of arteriolar dilatation as- 


sociated with a reflexive increase in heart rate and cardiac index. Furthermore, nitrendipine combined with beta- 
blockers would be beneficial for the treatment of arterial hypertension. 


87 Predictability of Blood Pressure Response to Isometric Stress 


ROBERT H. CHANEY and STEPHAN ARNDT 


Since there is marked individual variation in blood pressure (BP) response to isometric stress, a study was de- 
signed to determine whether such response could be predicted by readily measured clinical variables. BP, heart 
tate (HR), electrocardiographic findings, and symptoms were recorded during maximal isometric as well as dy- 
namic exercise in 270 office patients. Multiple regression analyses of several potential predictors dernonstrated 
that isometric systolic BP was best predicted by resting systolic BP, and this in combination with age, sex, and 
maximal treadmill systolic BP yielded 70% predictability. isometric diastolic BP was best predicted by resting. 
diastolic BP, and this with handgrip strength, treadmill HR, systolic BP, and diastolic BP allowed 66% prediction. 

Isometric testing was also found safe and practical if monitored for electrocardiogram, symptoms, and BP. 


- CONGESTIVE HEART FAILURE 
91 : Clonidine in Congestive Heart Failure: A Vasodilator With Negative Inotropic Effects 


JAMES B. HERMILLER, RAYMOND D. MAGORIEN, MARK E. LEITHE, DONALD V. UNVERFERTH, and 
CARL V. LEIER 


Fourteen patients with moderately severe congestive heart failure were given oral clonidine (0.2 and 0.4 mg- : 
doses) in order to determine the hemodynamic effects of a typical central-acting vasodilator, The 0.2 mg dose - 


significantly reduced systemic (15% ), pulmonary (20%), and pulmonary capillary wedge pressures (27%). The - ee 
reductions in systemic and pulmonary vascular resistance were comparatively modest secondary to a dimin- = =: 


ished cardiac output. Heart rate decreased 11% and stroke volume remained unchanged. The 0.4 mg dose aug- 


_ mented these reductions but increased stroke volume modestly (15%). After both doses, isovolumic developed 


_ pressure/duration of isovolumic contraction decreased dramatically. (223%) and the preejection period in-. S 


creased substantially (218% ). Compared with currently employed vasodilators, the central-acting agent cloni- 
dine appears unique in that drug-induced reductions of afterload are not accompanied by a commensurate im- 


provement in ventricular function. This lack of improvement appears to be secondary to negative inotropic ef- a 


fects. 


_ CARDIOVASCULAR PHARMACOLOGY 


> In Vivo Quantitation of Platelet Deposition on Human Peripheral Arterial Bypass Grafts Using Indi l 
111 Sa 


-Labeled Platelets. Effect of Dipyridamole and Aspirin 


CHARLES W. PUMPHREY, JAMES H. CHESEBRO, MRINAL: K. DEWANJEE, HEINZ W. WAHNER, 
_ LARRY H. HOLLIER, PETER C. PAIROLERO, and VALENTIN FUSTER a vi 


_ Indium-111-labeled, autologous platelets injected 48 hours after operation were used to quantitate platelet d 
position in vivo and to assess the effect of platelet-inhibitor therapy. Dacron® double-velour (Microvel®) aort 

femoral artery grafts were placed in 16 patients and unilateral: polytetrafluorethylene. femoropopliteal gra 

were placed in 10 patients. Half of the patients in each group received dipyridamole before and dipyridamole 





Burdick has a well-earned reputation for high quality 
engineering in cardiac care instruments. These two 
new Holter ambulatory ECG recorders are offered in 
that tradition. 

Choose either 25-hour reel-to-reel or 24/48-hour 
cassette, depending on need or preference, providing 
compatibility with major Holter scanners. 

Burdick offers several advantages over other Holter 
recorders. For instance, these Burdick Holter recorders 
have the patient cable permanently attached to minimize 
“noisy” ECGs due to loose contacts. They’re powered by 
a single 9V alkaline battery, have two recording tracks, 


built-in push-button calibration, and timing accuracy of 
better than +1% for diagnostic precision. 

Not only that, their lightweight aluminum cases are so 
rugged they’re virtually impact-proof. 

Of course, you expect Burdick to deliver the latest 
technology at affordable prices. And back every product 
with dependable service. 

If you’re expanding your patient services to include 
Holter monitoring or adding to your present system, you 
owe it to yourself to take a look at the new Burdick 
recorders. Call or write for more information or a 
demonstration. 


Of course you expect 
these new Helter recorders 
to be superior. 


They're from Burdick. 
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Ischemic 


heart disease... 


malignant 
ventricular 
arrhythmias... 











Frequent and complex forms of PVCs 
sharply increase the risk of sudden 
cardiac death (SCD) in patients with 


ischemic heart disease, especially in the 
presence of left ventricular dysfunction.’ 


To reduce the risk of 
potentially fatal arrhythmias 
in such patients 






324 mg 


UINAGLUT 


quinidine gluconate 


e If initially tolerated, can usually be taken successfully 
over long periods 


DURA-TABS* 





* Demonstrated by programmed ventricular stimulation 
to be effective in accepted “standard” doses.4 


* BID or TID dosage helps improve compliance while 
providing 24-hour antiarrhythmic activity. 


- “As a rule, GI toxicity associated with quinidine 
gluconate is less frequent and less severe than that 
associated with quinidine sulfate.” 5 


References: 1. Lown B, Podrid PJ, Graboys TB, et al: Curr Probl Cardiol 4:13-14, 1980. 2. Schulze 
RA Jr, Strauss HW, Pitt B: Am J Med 62:192-199, 1977. 3. Pine MB, Aronow WS: Ration Drug Ther 
14:1-5, 1980. 4. Kastor JA, Horowitz LN, Harken AH, et al: N Eng/ J Med 304: 1004-1020, 1981 

5. Podrid PJ: Patient Care 15:100-132, 1981 


Please turn page for brief summary of prescribing information 


BERLE; Laboratories, Inc., Cedar Knolls, New Jersey 07927 © Berlex Laboratories. Inc. 1982: Al igh Reserved. 101-154 


abnormal rhythms due te escape 
WARNINGS: 1 in the treatment of atrial Hutter, reversion to sinus thythm 
may be preceded by a progressive reduction in the degree of A-V block iaa 
+1 tatio resulting in an extremely rapid ventricular rate. This possible 
hazard may be reduced by digitalization prior to administration of quinidine 
2. Recent reports indicate that plasma concentrations of digoxin increase 
and may even double when quinidine i$ administered concurrently. Patients 
‘on concomitant therapy should be carefully monitored. Reduction of 
digoxin dosage may have to be. considered. 
3. Manitestations of quinidine cardiotoxicity such as excessive prolonga- 
tion:of the Q-T interval, widening of the QRS complex and ventricular 
tachyarrhythmids mandate immediate discontinuation of the drug and/or 
close clinical and elecirocardiographic monitoring 

= 4. In susceptible individuals, such as those with marginally compensated 
cardiovascular disease, quinidine may produce clinically important depres- 
sion of. cardiac function such as hypotension, bradycardia, or hearlblock. 
Quinidine therapy should be carefully monitored in such individuals, 
5. Quinidine should be used with extreme caution in-patients with incom 
plete A-V block since complete block and asystole may be produced 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 
and therefore should be used with caution in the presence of digitalis intoxi- 
cation. 6. Quinidine should be used with caution in patients exhibiting 
renal, Gatdiac of hepatic insulficiency because of potential accumulation at 
quinidine in plasma leading to toxicity. 
7. Patients taking quinidine oecasionally have syncapal episodes which 
usually result from ventricular tachycardia or fibrillation. This syndrome 
has nol been shawn to be related to dose or plasma levels. Syncopal 
episodes trequently terminate spontaneously of in response to treatment, 
but sometimes are fatal 
8. A few cases of hepatotoxicity, including granulomatous hepalitis, due to 
quinidine hypersensitivity have been reported in patients taking quinidine 
Unexplained fever and/or elevation of hepatic. enzymes, particularly inthe 
early slages of therapy, warrant consideration of possible hepatotoxicity. 
Monitoring liver function during the lirst 4-8 weeks should be considered 
Cessation of quinidine in these cases usually results in the disappearance 


of toxici 

PRECAUTIONS: General: The precautions to be observed include al! 

those applicable to quinidine. A preliminary test dase af a single tablet of 
inidine Sullate may be administered lo determine ifthe patient has an 
osynerasy to quinidine. Hypersensitivity fo quinidine, although rare. 

shouid constantly be considered, especially during the first weeks of therapy 

Hospitalization for close.clisical observation, electrocardiographic monitor- 

ing, and possible determination of plasma quinidine levels is indicated 

when large doses-ate used, of with patients who present an increased risk 

Drug Interactions: 

Drug Elect 

Quinidine with anticholinergic drugs Additive vagolytic effect 


Quinidine with cholinergic drugs Antagonism of cholinergic 
eflects 


Guinidine with carbonic anhydrase ——_Alkalinization of uring 
inhibiiors, sodium bicacbanale, resulting in decreased 
inazide diuretics excrebion of quinidine 
Quiniding with coumarin Reduction of clotting factor 
anticoagulants concentrations 


Quinidine with tubocuraie, Potentiation af neato- 
shecinylcholine and decamethonium — muscular blockade 


Quinigine with phenolhiazines Additive cardiac depressive 
and reserpine effects 
Quinidine with hepatic enzyme- Decreased plasma hall-He 
inducing drugs (phenobarbital. of quinidine 
phenytoin, riasin) 
uinidine wilh digoxin increased plasma concentra- 
tions of digoxin (see WARNINGS) 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 

. fern studies in animals have not been performed to evaluate the 
carcinogenic, potential of quinidine, There is currently no evidence of 
guiniding-induced mutagenesis of impairment of fertility 
Pregnancy; leratogenie Effects: Pregnancy Category C. Animal reproduc- 
fion studies have not been conducted with quinidine. There ate no adequate 
and well-contralied studies in pregnant women, Quinagiute (quinidine 
gluconate) Dura-Tabs shouid be given to a pre oman-only if clearly 
needed. Nonferatagenic Effects: Like quinine, quinidine has been reported 
to have oxylocic properties. The significance of this property in the clinical 
selling bas not been established 
Nursing Mothers: Caution should be exercised when Quinaglute 
{quinidine gluconate) Dura-Tabs are administered to a nursing woman due 
ty passage of the drug into breast milk 
Pediatric Use: There are no adequate and well-Cantrolied studies 
establishing the safety and effectiveness of Quinaglute (quinidine gluco- 
nate) Dura-Tabs in chilgien Suh 
ADVERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 
headache, nausea, and/or disturbed vision say appear in sensitive patients 
after a single dose of the drug. The mast frequent Erani side 
elects to quinidine are gastrointestinal in nature. gastrointestinal 
eflects include nausea, vomiting, abdominal pain and diatthea. 
Lass heal encountered adverse reactions, . 
Cardiovascular: Widening of QRS complex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, arterial embolism and hypotension 
Hematologic: Acute hemolytic anemia, hypopratheambinernia, throm- 

~ boewanenia (purpura) agranulotytosis. 

Central Nervous System: Heatlache, fever vertigo, apprehension, 
excrement, confusion, delirium and syncope; disturbed hearing (tinnitus, 
decreased auditory acuity) disturbed. vision (mydriasis, blurred vision, 

sturbed. color perception, reduced vision feld, photophobia, diplopia, 
ight blindness, seatomata), optic neuri i 
< Dermatologic: Rash; cutaneous flushing wilh intense pruritus, urticaria. 
= Photosensitivity fas alst been reported ve 

Hypersensitivity Reactions: Angioedema, acute asthmatic episode, 

vascular collapse. tespitatory arrest, hepatic toxicity, ingluding.grane = = 
“Ulomalous hepatitis (see WARNINGS} Although extremely tare. there have 


been reports ot lupus erythematosus in. patients taking quinidine, Ai. 


‘positive association witht quinidine therapy has nat beso established 
See on ee fer jell inlormation: wes eee 


b es, Inc., Cedar Knolls; New Jersey 07927 EE 





* 


$75 per column inch 


Minimum one column 
inch (8%" x 1”) 


DEADLINE: 


1st of month preceding 
publication date. 
Typesetting requires 
additional week. 


FREQUENCY: 


Monthly 


CONTACT: 

Margie Hisen 

YORKE MEDICAL GROUP. 
875 Third Avenue 

New York, NY 10022 
212-605-9623 


CUTIS © THE AMERICAN JOURNAL | 
OF CARDIOLOGY + THE AMERICAN 
JOURNAL OF MEDICINE $ THE AMER- 
ICAN JOURNAL OF SURGERY 


Technical Publishing, 


Bradstreet Corporation 





02 Cardiovascular Etfects of a 4 Newly Synthesized Cardiotonic Agent (TA-064) on n Normal and Diseased 
‘Hearts © 


MASAYA KINO, YUZO HIROTA, SHOJI YAMAMOTO, KENICHI SAWADA, MASATOMO MORIGUCHI, 
MASAHIRO KOTAKA, SHINICHIRO KUBO, and KEISHIRO: KAWAMURA 


A positive inotropic effect was confirmed echocardiographically in both healthy volunteers {n = 8) and patients 
with congestive heart failure (CHF) (n = 9) who were on a maximal medical regimen. Mean velocity of circumfer-. 
ential fiber shortening increased (healthy, 1.29 + 0.05 to 1.60 + 0.11 circ/s [p <0.05]: patients with CHF, 0.69 
0.08. to 0.93 + 0.09 circ/s [p <0.01]) and ejection fraction increased (healthy, 68 + 2 to 75 + 2% [p <0.05]; 
i patients with CHF, 37 + 4 to 45 + 5% [p <0.01]) without change in heart rate. j 


- CARDIOMYOPATHY 


11 Vulnerability of Patients With Obstructive Hypertrophic Cardiomyopathy to Ventricular Arrhythmia 
Induction in the Operating Room. Analysis of 17 Patients 


KELLEY P. ANDERSON, EDWARD B. STINSON, GERALDINE C. DERBY, PHILIP E. OYER, and 
JAY W. MASON 


Seventeen patients with obstructive hypertrophic cardiomyopathy (HC) and 5 control patients underwent pro- 
grammed electrical. stimulation in the operating room. Of the 17 patients. with HC, 14 had inducible sustained 
ventricular tachycardia or ventricular fibrillation, whereas none of the control patients had an inducible sustained: 
ventricular arrhythmia. Unsustained ventricular tachycardia was induced in 1 patient in each group. The differ- 
ences in the 2 groups with respect to ventricular tachyarrhythmia induction was significant (p <0.001). Patients 
with obstructive HC are unusually vulnerable to ventricular tachyarrhythmia induction which may, in part; ac- . 
count for their propensity for sudden death. a 


Myocardial Texture Characterization by Two-Dimensional Echocardiography 
ANIL K. BHANDARI and NAVIN C. NANDA 


Twenty-four normal subjects and 181 patients with various cardiac disorders (36 autopsies) were studied: by 2-- 
dimensional echocardiography. All patients with infiltrative disorders (amyloidosis and Pompe’s disease) showed 
multiple, discrete, and small highly refractile echoes (HREs) in the myocardium. However, this finding was non-. 
specific and was observed in many other conditions. In the noninfiltrative group, HREs in the autopsied cases. 
were shown.to result from gross fibrosis/endocardiofibroelastosis utilizing in vitro echocardiographic studie: 
-and metallic probe guided biopsies, whereas HREs in the autopsied cases with cardiac amyloidosis could be cor. 

: related only with amyloid deposits since fibrosis was absent. Larger HRES presenting as broad patches or iong 

o linear: echoes-in the myocardium were seen in old myocardial infarctions and congestive cardiomyopathy and 

were correlated with large areas of myocardial fibrosis. 


Sensitivity of Technetium-99m-~-Pyrophosphate Scintigraphy in Diagnosing Cardiac Amyloidosis 
RODNEY H: FALK, VICTOR W. LEE, ALAN RUBINOW, WILLIAM B. HOOD, Jr., and ALAN $. COHEN. 


-= Technetium. pyrophosphate scintigraphy, performed prospectively in 20 patients with systemic primary amyloi- 
_ dosis, demonstrated myocardial uptake of equal or greater intensity than that of the ribs in 8 of 9 subjects with 
heart failure and 9 of 11 with abnormal echocardiograms. None of 10 control patients with nonamyloid, nonisch- 
-emic heart failure had positive findings on scintigraphy. Increased left ventricular wall thickness measured by 
-M-mode echocardiography correlated with myocardial pyrophosphate uptake. In the presence of an abnormal 
_ echocardiogram, technetium pyrophosphate scintigraphy is a sensitive and specific test in the diagnosis of car- 
diac amyloidosis. ; 


v val in:Men With Severe Chronic Left Ventricular Failure Due to Either Coronary Heart Disease or a 
athic Dilated Cardiomyopathy 


‘JOSEPH A. FRANCIOSA, MARY WILEN, SUSAN ZIESCHE, and JAY N. COHN 


_ A greater misunderstanding of the course of congestive heart failure (CHF) is needed. In this study 182 patients 
with refractory CHF due to coronary artery disease (95 patients) or idiopathic dilated cardiomyopathy (87 pa- 
tients) were followed up. Total mortality was 34% at 1 year, 59% at 2 years, and 76% at 3 years. The incidence _ 
of sudden death was 45%, and did not differ between groups. Mortality was worse in coronary artery. disease _ 
than idiopathic dilated cardiomyopathy (46 versus 23% at 1 year, and 69 versus 48% at 2 years, p <0, m At 
ty Pemodynamie: abnormalities were more severe in patients who did not survive. ; ; 
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People move, bend, stretch, perspire. 
When we designed Nitro-Dur™ (nitroglycerin) 
Transdermal Infusion System, we designed it 
with features to accommodate these human 

- factors. Because of the size of Nitro-Dur it has 
features that other nitroglycerin systems 

don't have. 


_ It’s big because it’s the only one witha 
: wide adhesive strip. 
_ If angina patients were supine for 24 hours, 
adhesion would be a minor concern. But people 
Move, bend, stretch, and turn while awake and 
asleep. A system has to stay put throughout all 
ese movements. 


_ In developing Nitro-Dur, we tested dozens of 
` tapes before we settled on a microporous tape 
known for its excellent adhesion, one that 
esn't leave the skin macerated and is 
atively painless on removal. 


The Nitro-Dur adhesive strip i is wider than that 
on any other system. Wide enough to stay put 
-hour aay . easing. showering, 


Sta 
pr ent leaking or bah off. 


s big because it’s the only one with an 
absorbent pad. 

ecause perspiration could affect adhesion, 
we added an absorbent pad behind the matrix. 

tro-Dur i is the only system with this feature. 





Surface area determines the dose. 

The stratum corneum regulates the absorption 
of cutaneously applied nitroglycerin. ‘Theref 

as the surface area of application is increas 

the dose of nitroglycerin also increases. To. 
insure. a fixed surface area, we offer a soli 

a gel pol ymer matrix:that contains the 

active drug. 


The only transdermal to offer you 
greater dosage flexibility. 
Nitro-Dur has four dosage stren ths—S, 
and 20 cm#. Other systems limit your opti 
two Strengths. 

The only place it’s smaller—the co 
your patients. 

Your patients can save up to $75 a year using 
Nitro-Dur rather than competitive product 
Considering that they may be taking the 
product for years, that’s avery important 
advantage! 


-The human factor made us big. You made. s 


ihe largest-selling transdermal nitrog! yee 
system. 


The most widely prescribed | 


trahsdermal nitroglycerin syste 


Tansdema E nie y 





DESCRIPTION: The Nitro-Dur Transdermal infusion Sys- 
tem contains nitroglycerin in a gel-like matrix composed 
of.glycerin, water (purified), lactose, polyvinyl alcohol, 
povidone and sodium citrate to provide a continuous 
source of the active ingredient. Nitro-Dur is available 

in dosage sizes Scm2, 10cm?, 15cm? and 20cm?, 
containing 26 mg, 51 mg, 77 mg and 104 mg of 
nitroglycerin, respectively, thereby providing precise 
dosing levels of nitroglycerin. Nitro-Dur-has a rated 
release in vivo of approximately 0.Smg/cm?/24 hours. 
Each unit is sealed ina polyester foil-polyethylene lami- 
nate. The bandage portion consists of a medical grade 
non-woven, heat sealable, microporous tape. 


CLINICAL PHARMACOLOGY: When the Nitro-Dur sys- 
tem is applied to the skin, nitroglycerin is absorbed 
continuously through the skin into the systemic circula- 
tion. This results in active drug reaching the target 
organs (heart, extremities) before deactivation by the 
liver. Nitrogiycerin is a smooth muscle relaxant with 
vascular effects manifested predominantly by venous 
dilation and pooling. The major beneficial effect of 
nitroglycerin in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to vascular smooth 
muscle relaxation with resultant reduction in.cardiac 

reload and afterload. In recent years there has been an 
increasing recognition of a direct vasodilator effect of 
nitroglycerin on the coronary vessels. : 

in bioavailability studies? transdermal absorption of 
nitroglycerin from the gel-like matrix achieved stead 
state venous pasma levels comparable to-that of sub- 
lingual nitroglycerin and maintained these levels for 24 
hours. Therapeutic effect is achieved within 30 minutes 
after application of the unit, and persists about 30 
minutes after removal of the unit. 


INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 
CONTRAINDICATIONS: Intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
or increased intracranial pressure. 


WARNINGS: The Nitro-Dur system should be used under 
careful clinical and/or hemodynamic monitoring in pa- 
tients with acute myocardial infarction or congestive 
heart failure. 

in terminating treatment of angina patients, both the 
dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to prevent 
sudden withdrawal reactions, which are characteristic of 
ali vasodilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such as 
faintness, weakness or dizziness, particularly orthostatic 
hypotension, may be due to overdosage. If during the 
course of treatment these symptoms occur, the dosage 
should be reduced. 

Nitro-Dur is not intended for use in the treatment of 
acute anginal attacks. For this purpose, occasional use 
of sublingual nitroglycerin may be necessary. 


ADVERSE REACTIONS: Transient headache is the most 
common side effect, especially when higher doses of the 
drug are administered. Headaches should be treated with 
mild analgesics while continuing Nitro-Dut therapy. tf head- 
ache persists, the Nitro-Dur dosage should be reduced. 
Adverse reactions reported less frequently include 
hypotension, increased heart rate, faintness, flushing, 
dizziness, nausea, vomiting, and dermatitis. Except for 
dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 
Nitro-Dur dosage should be reduced or use of the 
product discontinued. 
HOW SUPPLIED: Nitro-Dur Transdermal Infusion System, 
Sem?, 10cm?, 15cm? and. 20em?, is available in unit 
dose packages of 28. 
CAUTION: Federal law prohibits dispensing without a 
prescription. 


"PATIENT INSTRUCTIONS FOR APPLICATION: Patient 


<: instructions are furnished with each unit dose package. 


` -For complete prescribing information, please see 
` package insert. 
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Reterences 

L Pharmacy acquisition cost (AWP), Drug 
Topics Red Book, 1982 (assuming a 50% 
markup). 


2. Data on file: Key Pharmaceuticals, Inc. 
® 


KEY 
4 PHARMACEUTICALS, INC. . 
Miami, Florida 33169-1307 oe 


World leader in drug - 
delivery systems. _ 


MYOCARDIAL ‘'~ 
REVASCULARIZATION 


MEDICAL AND SURGICAL ADVANCES IN . 
CORONARY DISEASE : 


Rae ES 
The most up-to-date reference 
on the state of the artof © 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 1.30 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the. recent international Symposium on Myocardial 
Revascularizetion. held in Nassau, The Bahamas. H is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Golins, Jr., MO. 


Myocardial Revascularizatior 

features the latest on: - 

E Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) E 


E Percutaneous Transluminal Coronary 
Angioplasty (PTCA) E 
@ New Calcium Blocking Drugs 


E Cardiac Benefits of Coronary 


WE Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI et 
Yorke Medical Books, Box 0-757, Brookiyn, NY 11208 


Please send me: 


copies MYOCARDIAL REVASCULARIZATION t 
D] Enclosed ig my check for mammie Yorke pays posi 
handling (same return privilege). New York residents. add approp: 
sales tax. Add $5.00 per book for orders outside the U.S. and Gar 


(J Please bill my CJ VISA [K] MasterCard (same return, pri 


Expiration date 


Gard sts MIC Interbank # oaa 
C Please bill me plus postage and handling (U.S. and Canadian orders only}; 











. METHODS 


7T Evaluation of Left Ventricular Performance Using Digital Subtraction Angiography 


MARVIN W. KRONENBERG, RONALD R. PRICE, CLYDE W, SMITH, ROSE MARIE ROBERTSON, 
JAMES M. PERRY, DAVID R. PICKENS, MICHAEL J. DOMANSKI, C. LEON PARTAIN, and 
GOTTLIEB C. FRIESINGER 


Cardiac applications for digital subtraction angiography appear promising. Thus, left ventricular volume, ejection 
fraction, and regional wall motion by digital subtraction angiography were evaluated after intravenous injection . 
of 40 ml of iodinated contrast medium and after left ventricular injection of 5 to 10 mi. A film-based system of th 
authors’ own design was used. Results were compared with those after 40 ml direct left ventricular contrast in- 
= jection. The ventriculograms after intravenous injection showed close correlation with direct left ventricular in 
jections for ejection fraction, volume, and regional wall motion. After small-volume left ventricular injections 
the ventricular image was enhanced markedly by digital subtraction, and correlations between small and large. 
volume ventriculograms were close for left ventricular ejection fraction, volume, and.regional wail motion. Thus, 
digital subtraction angiography improves the visibility of the left ventricle after either intravenous or small-vol- 
ume direct left ventricular injection. Digital images produce excellent estimates of left ventricular volume and ae 
should have considerable usefulness for the study of cardiac performance and anatomy. : 


“Evalisttion of intracardiac Thrombus With Computed Tomography 


HARUO TOMODA, MITSUMOTO HOSHIAI, HIDEO FURUYA, SACHIO KURIBAYASHI, MAKOTO OOTAKI, - 
SEIYA MATSUYAMA, SHIROSAKU KOIDE, SHIAKI KAWADA, and AKIRA ‘SHOTSU 


Left atrial and left ventricular thrombus was evaluated by computed tomography in 56 patients: Group |, 28 pa- 

~ tients with mitral valve disease: and Group Ii, 28 patients with: myocardial infarction. Computed tomography, 2- 

“dimensional echocardiography, angiocardiography, and open-heart surgery or autopsy were performed in these 
patients. The sensitivity in detecting left atrial thrombus was- 100% with computed tomography, 60% with 2- 
dimensional echocardiography, and 70% with angiocardiography. The. specificity in detecting left atrial throm- 
bus was 91% with computed tomography, 86% with 2-dimensional echocardiography, and 68% with angiocar: 
diography. Left ventricular thrombus was visualized by computed tomography with similar or greater accuracy — 
‘than other diagnostic methods, although the sensitivity and specificity were not ascertained because surgery or 
autopsy was performed in only a minority of Group II patients. 


Absolute Left Ventricular Volume From Gated Blood Pool imaging With Use of Esophageal 
transmission Measurement 


ALAN H. MAURER, JEFFRY A. SIEGEL, BARRY S. DENENBERG, BLASE ‘A. CARABELLO, 
ARNOLD K. GASH, JAMES F. SPANN, and LEON S. MALMUD 


new method for determining absolute left ventricular volume from equilibriurn gated blood pool images was 
validated by comparing gated blood pool imaging with contrast ventriculography. The technique is geometry-in- 
dependent and is the first to correct for tissue attenuation utilizing an in vivo point source. An orally administered 
capsule containing 1 to 2 mCi of technetium-99m sulfur colloid is used for this purpose. Left ventricular volumes 
- are determined by dividing attenuation- and background-corrected count rates obtained from semiautomated left 
‘ventricular regions of interest by the count rate per milliliter from a blood sample. 


Effect of Exercise Protocol on the Left Ventricular Response to Exercise 


‘CARL FOSTER, DUNCAN S. DYMOND, JAMES D. ANHOLM, MICHAEL L. POLLOCK, and 
DONALD H. SCHMIDT, With the technical assistance of JOHN G. CARPENTER 


The ‘effect of exercise protocol on the left ventricular ejection fraction response to exercise was evaluated 
imple of 120 healthy male volunteers. When first-pass radionuclide angiograms were obtained during peak up- 
ight graded bicycle exercise with >85% of age-predicted maximal heart rate attained, there was no:net change 
in ejection fraction from rest to exercise. When exercise was submaximal, either through failure to attain atleast 
% of the age-predicted maximal heart rate or through the use of postexercise imaging, the ejection fraction 
eased significantly from rest to exercise. If exercise was supermaximal and was presented abruptly, either ; 
ith or without warm-up, the ejection fraction decreased from rest to exercise. The results suggest that interpre- 
tation of exercise radionuclide angiograms on the basis of reported values for normal and abnormal responses ~ 
pendent on careful replication of exercise protocol. 


Continued on Page AST 








DIASONICS 





TOTALLY DIGITAL CORO 


Superior images with high frame 











TS WHERE IMAGING IS GOING... 






Di 
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DIASONICS, INC. 
1545 Barber Lane, Milpitas, CA 95035 
(408) 946-9001 


ARTERY IMAGING... AngioVie: 


rate processing and image enhancement. 







Coronary artery imaging with a 
totally digital system. 

Diasonics’ new AngioVue Digital Angiography System 
produces digital images clinically equivalent to cine film 
through digital image manipulation and image enhance- 
ment algorithms. The AngioVue allows clear visualization of 
coronary arteries with fine detail. It’s all possible through 
Diasonics’ unique pulsed mode digital acquisition gated at 
8/fps with 512x512 resolution —and totally digital storage. 


Faster, more accurate, quantitative 
ventriculography: 


By combining superior digital images acquired at 
30 fps and powerful computer analysis, faster, more accurate 
ventriculography is performed. 

Through standard area length techniques and densitometry, 
AngioVue provides easy calculation of ejection fraction, C.O. 
and C.J. Diasonics’ advanced software allows segmental 
wall motion and functional image analyses. And, with its 
256x256 matrix, ventriculography is performed with better 
resolution than nuclear cardiology. 


Now, digital angiography for all cath lab 
imaging procedures. 

With the Diasonics AngioVue, you can more effectively 
perform functional studies, PTCA, drug therapy and vascular 
imaging. You use less dye permitting more injections with less 
risk to the patient. And AngioVue interfaces directly with your 
existing equipment and can provide dual room and biplane 
capabilities. 

Consult a Diasonics 


professional. 

AngioVue brings to the cath lab the 
most advanced digital imaging tech- 
nology available, with all the benefits 
of computerized analysis and the 
flexibility to meet your future needs. 
For a complete review of the AngioVue, 
consult the Diasonics professional 
in your area. 
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QUANTUM: THE PROBLEM SOLVER 





Indication For Pacing: Intermittent Heartblock, Sinus Arrest. 






miae meaa a a ee 


This is the second in a series of case histories demonstrating the 
Quantum system’s unique ability to help physicians diagnose the 
-condition of a pacemaker patient. 


An Actual Case History* 

Patient: MALE 

Age: 67 YEARS 

Indication for Pacing: INTERMITTENT HEARTBLOCK, 
SINUS ARREST 


The patient received a bipolar Quantum™ pulse 
generator with a transvenous bipolar lead. Intraoperative 
fluoroscopy and postoperative telemetry indicated satis- 
factory lead position. 

Several months later, during routine telephone follow-up 
through Intermedics’ Trace-A-Pace™ service, the patient's 
transtelephonic telemetry readout displayed abnormally 
low lead impedance values. A subsequent ECG strip 
indicated intermittent pacing, although the patient had 
experienced no discomfort. 

Reexamination revealed insulation fractures of the lead 
that probably were causing intermittent shorting of the 


ECG: Loss of capture 


electrode. Access to the lead was gained via the pacer 
pocket and the repair was effected by medical adhesive 
and a suture sleeve tied in place. Postrepair pacing is 
normal with telemetry indicating acceptable lead imped- 
ance values. 

This is just one example of how Quantum helped pinpoint 
the exact source of a patient’s problem. The complete Quantum 
pacing system, including a Decoder, Printer, Transmitter, 
Intermedics Programmer and three pacemaker models, represents 
the most sophisticated technology available today. By providing 
you with more information, Quantum helps you better manage 
your pacemaker patients. 


“This actual case history is on record at Intermedics, Inc. For more infor- 
mation, contact the Marketing Dept., Intermedics, Inc. 


aw“ 
™ 
AÓ Intermedics Inc: 
P.O. Box 617 Freeport, TX 77541 
Our Business is Life.® 


©lntermedics, Inc., 1982 
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EXPERIMENT. AL STUDIES 


865 influence of Aortic Stenosis on the Hemodynamic Importance of Coronary Artery Narrowing in Dogs 
Without Left Ventricular Hypertrophy 


ROBERT L. FELDMAN, WILMER W. NICHOLS, JAMES R. EDGERTON, C. RICHARD CONTI, and 
CARL J. PEPINE 


This study evaluated coronary hemodynamic effects of both controlled left ventricular outflow obstruction simu- Th 

~ lating aortic valve stenosis and graded coronary artery diameter narrowing in open-chest dogs without left ven- 
tricular hypertrophy. Mean coronary flow during aortic stenosis increased an average of 17%, as did the per~. 

centage of flow occurring during diastole. However, there was a concomitant decrease in the endocardial/epi- - 
cardial ratio. During reactive hyperemia, values with no coronary narrowing during aortic stenosis were similar 
to peak hyperemic flows with 60% coronary narrowing during control. With coronary narrowings estimated at 
90%, mean coronary flow decreased with or without aortic stenosis. At this time transmural flow distribution 
also decreased but was consistently lower during aortic stenosis. These data suggest that in a model of aortic 
stenosis. without left ventricular hypertrophy, the changes in aortic and left ventricular. pressures during aortic 
stenosis periods were sufficient to influence total coronary flow and transmural distribution. The addition of a... 
-coronary narrowing produced further coronary effects. i 


72 Topographic Changes in the Left Ventricle After Experimentally Induced Myocardial Infarction in the 
< Rat 


CHARLES S. ROBERTS, DEREK MACLEAN, EUGENE BRAUNWALD, PETER R. MAROKO, and 
ROBERT A. KLONER 


The factors which determine the thickness of transmural myocardial infarctions are unknown. Therefore, the. 
relation between size and thickness of transmural infarcts was studied in 67 rats 21 days after occlusion-of the | 
-~ Jeft main coronary artery. Septal wall thickness was similar in rats with transmural infarcts. and in sham-operated 7? 
_ ats. There was no significant correlation between infarct size and thickness {r = 0.10) or circumferential length - 
-of infarct (r = 0.17). Large infarcts resulted in a 23% greater loss of myocardial tissue (op <0.001), greater ex- 
pansion of the left ventricular (LV) cavity area (18 + 9 mm? compared with 14 +.1 mm? in small infarcts, 
<0.005), and lengthening of the noninfarcted septal wall (7.2 + 1.1 mm/and 6.7 + 1.0:mm in large and small ir 
farcts, respectively [p <0.05], and 6.3 + 0.1 mm in shams). Increase in cavity area. and noninfarcted septa’ 
-` length in infarcted ventricles suggested a volume overload hypertrophy, which:at 3 weeks was nonetheless inad 
equate to provide as much normal muscle as was present in sham-operated rats. In an additional 9 rats with sub- 
=< > endocardial infarctions (involving <75% of the LV wall from endo- to epicardium), the LV walls were thicker (94 
"ck 5% of septal wall thickness, compared with 35 + 1% for transmural Natarets, p <0.001), and there was an 
-inverse correlation between infarct size and thickness. a 


r Thinning Due to Ibuprofen Administration After Experimental Myocardial Infarction 


EDWARD J. BROWN, Jr., ROBERT A. KLONER, FREDERICK J. SCHOEN, HAIM HAMMERMAN, 
_ SHARON HALE, and EUGENE BRAUNWALD 


While much attention has been directed toward interventions which reduce myocardial infarct size, the effect 

of such agents.on the healing phase of myocardial infarction is largely unknown. The effect of ibuprofen and as- 

-pirin on the healing of experimental canine myocardial infarctions was investigated. After coronary artery liga- 

- tion, dogs received either saline solution, aspirin, high-dose ibuprofen or low-dose ibuprofen. Six weeks after 
-coronary artery ligation the animals were killed and the hearts were removed for analysis of scar thickness. The 
"myocardial infarct scars of the animals receiving ibuprofen were thinned compared with those of the control ani- 

`- mals. Animals receiving aspirin demonstrated no scar thinning. Thus, ibuprofen i increases the incidence of scar” 

fering after myocardial infarction. 


cts of Flurbiprofen in Altering the Size of Myocardial Infarcts in Dogs: Reduction or Delay? 
VID E: CHAMBERS, DEREK M. YELLON, DAVID J. HEARSE, and JAMES M. DOWNEY 


Anti-inflammatory. agents such as flurbiprofen have been reported to reduce myocardial infarct size. In. the 

present study, a closed-chest model of permanent coronary occlusion was used. Groups of dogs were subjected ` 
to either 6 or 24 hours of elapsed ischemia. Flurbiprofen (1 mg/kg) was.given immediately after occlusion and: 
thereafter every 6 hours, Risk zone to infarct size ratios for the 24 hour group revealed that flurbiprofen treat- 

ment had no effect on infarct size. In contrast, when hearts were examined after only 6 hours of ischemia, infarct 
size was. considerably reduced in the flurbiprofen-treated group. These results indicate that during ign 

chomis,  Porbiprafea moy Pa but not prevent tissue injury. 


Continued on Pogo mi 
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Your angina patients™ can becomewmore 

active now...with-PROCARDIA protection. 
They'll be pain-free more of the time! and 

find their need for nitroglycerin greatly 
reduced? They'll be able to work harder, 
exercise more? And be more active participants 
in their own lives once again. 


PROCARDIA 
(NIFEDIPINE) °°” 


*Procardia is indicated for the management of: 

¢ Confirmed vasospastic angina. 

e Angina where the clinical presentation suggests a possible vasospastic component. 

e Chronic stable angina without evidence of vasospasm in patients who remain symptomatic despite adequate doses of 
beta blockers and/or nitrates or who cannot tolerate these agents. In chronic stable angina (effort-associated angina) 
Procardia has been effective in controlled trials of up to eight weeks duration in reducing angina frequency and 
increasing exercise tolerance, but confirmation of sustained effectiveness and evaluation of long-term safety in these 
patients are incomplete. 





feeling better...doing more 





(NIFEDIPINE) =s 


—Usual effective dosage 
is 30-60 mg/day 


For most patients, titrate over 7 to 14 days, using the 
patient's blood pressure response, attack frequency, 
sublingual nitroglycerin intake and activity level as a 
guide. Titration may be more rapid (e.g., 3 days) if 
symptoms warrant and the patient is observed closely. 


Because Procardia decreases peripheral vascular 
resistance, careful monitoring of blood pressure during 
initial administration and titration is suggested. Close 
observation is especially recommended for patients 
taking medication known to lower blood pressure. 


— Offers a favorable 
safety profile 


Most frequently reported side effects, usually mild, are 
dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each 
occurring in about 10% of patients, transient 
hypotension in about 5%, palpitation in about 2% and 
syncope in about 0.5%. 
References: 
1. Stone PH, Turi ZG, Muller JE: Efficacy of nifedipine therapy for refractory angina pectoris. Am Heart J 
104:672-681, September 1982 
2. Antman E, Muller J, Goldberg S, el al: Nifedipine therapy for coronary-artery spasm: Experience in 
127 patients. N Eng J Med 302: 1269-1273, June 5, 1980 


3. De Ponti C, De Biase AM, Pirelli S, et al: Effects of nifedipine, acebutolol, and their association on 
exercise tolerance in patients with effort angina. Cardiology 68 (suppl 2): 195-199, 1981 
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BRIEF SUMMARY 
PROCARDIA® CAPSULES For Oral Use 


(nifedipine) Sager is 
INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the 
management of vasospastic angina confirmed by any of the following criteria: 1) classical pattern 
of angina at rest accompanied by ST segment elevation, 2) angina or coronary anan spasm pro- 
voked by ergonovine, or 3) angiographically demonstrated coronary artery spasm. In those patients 
who have had ~stes pha the presence of significant fixed obstructive disease is not Cy 
with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but 
where vasospasm has not been confirmed, at , where pain has a variable threshold on exertion or 
in unstable angina where electrocardiographic findings are compatible with intermittent vaso- 
spasm, or when on is refractory to nitrates and/or adequate doses of beta blockers. 

ll. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for 
the management of chronic stable angina (effort-associated angina) without evidence of vasospasm 
in patients who remain symptomatic despite adequate doses’of beta blockers and/or organic nitrates 
or who cannot tolerate those agents 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled 
trials of up to eight weeks duration in reducing angina frequency and increasing exercise tolerance, 
but confirmation of sustained effectiveness and evaluation of long-term safety in those patients are 
incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and 
beta blocking agents may be beneficial in patients with chronic stable angina, but available infor- 
mation is not sufficient to predict with confidence the effects of concurrent treatment, especially in 
patients with compromised left ventricular function or cardiac conduction abnormalities. When in- 
troducing such concomitant therapy, care must be taken to monitor blood pressure closely since 
severe h petension can occur from the combined effects of the ange: ri Warnings.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of 
PROCARDIA is modest and well tolerated, occasional patients have had excessive and poorly tol- 
erated hypotension. These responses have usually occurred during initial titration or at the time of 
a upward dosage adjustment, and may be more likely in patients on concomitant beta 
blockers. 

Severe oe and/or increased fluid volume requirements have been reported in patients 
receiving PROCARDIA together with a beta blocking agent who underwent coronary artery bypass 
surgery using high dose fentanyl anesthesia. The interaction with high dose fentanyl! appears to be 
due to the combination of PROCARDIA and a beta blocker, but the possibility that it may occur with 
PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with other narcotic 
analgesics cannot be ruled out 
Increased Angina: Occasional patients have developed well documented increased frequency, du- 
ration or severity of angina on starting PROCARDIA or at the time of dosage increases. The mech- 
anism of this response is not established but could result from decreased coronary perfusion 
associated with decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a with- 
drawal syndrome with increased angina, probably related to increased sensitivity to catechol- 
amines. [nitiation of PROCARDIA treatment will not prevent this occurrence and might be expected 
to exacerbate it by provoking reflex catecholamine release. There have been occasional reports of 
increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. Itis important 
cn rete blockers if possible, rather than stopping them abruptly before beginning 
Congestive Heart Failure: pune patients, usually receiving a beta blocker, have developed heart 
failure after beginning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for 
such an event 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular re- 
sistance, careful monitoring of blood pressure during the initial administration and titration 
of PROCARDIA is suggested. Close observation is perce recommended for patients already 
taking medications that are known to lower blood pressure. (See Warnings.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vaso- 
dilation and not due to left ventricular dysfunction, occurs in about one in ten patients treated with 
PROCARDIA. This edema occurs primarily in the lower extremities and usually responds to diuretic 
therapy. With patients whose angina is complicated by congestive heart failure, care should be taken 
to differentiate this peripheral edema from the effects of increasing left ventricular dysfunction. 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Warnings. ) Experience 
in over 1400 patients in a non-comparative clinical trial has shown that concomitant administration 
of PROCARDIA and beta-blocking agents is usually well tolerated, but there have been occasional 
literature reports suggesting that the combination may increase the likelihood of congestive heart 
failure, severe hypotension or exacerbation of angina. 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have 
been no controlled studies to evaluate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve 
normal volunteers. The average increase was 45%. Another investigator found no increase in di- 
goxin levels in thirteen patients with coronary artery disease. In an uncontrolled study of over two 
hundred patients with congestive heart failure during which digoxin blood levels were not meas- 
ured, digitalis toxicity was not observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjust- 
ing, and discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Carcinogenesis, mutagenesis, impairment of fertility: When given to rats prior to manngi nife- 
cope caused reduced fertility at a dose approximately 30 times the maximum recommended hu- 
man dose. 

Pregnancy: Category C. Please see full prescribing information with reference to teratogenicity in 
rats, embryotoxicity in rats, mice and rabbits, and abnormalities in monkeys. 

ADVERSE REACTIONS: The most common adverse events include dizziness or light-headedness, 
peripheral edema, nausea, weakness, headache and flushing each occurring in about 10% of pa- 
tients, transient hypotension in about 5%, palpitation in about 2% and syncope in about 0.5%. 
Syncopal episodes did not recur with reduction in the dose of PROCARDIA or concomitant antian- 
ginal medication. Additionally, the following have been reported: muscle cramps, nervousness, 
dyspnea, nasal and chest congestion, diarrhea, constipation, inflammation, joint stiffness, shaki- 
ness, sleep disturbances, blurred vision, difficulties in balance, dermatitis, Heart urticaria, fe- 
ver, sweating, chills, and sexual difficulties. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the nat- 
ural history of the disease in these patients. It remains possible, however, that some or many of 
these events were drug related. Myocardial infarction occurred in about 4% of patients and conges- 
tive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction distur- 
bances each occurred in fewer than 0.5% of patients. 

Laboratory Tests: Rare, mild to moderate, transient elevations of enzymes such as alkaline phos- 

phatase, CPK, LOH, SGOT, and SGPT have been noted, and a single incident of significantly ele- 
vated transaminases and alkaline phosphatase was seen in a patient with a history of gall bladder 
disease after about eleven months of nifedipine therapy. The relationship to PROCARDIA therapy is 
uncertain, These laboratory abnormalities have rarely been associated with clinical symptoms. 
leo nragal possibly due to PROCARDIA therapy, has been reported twice in the extensive world 
iterature. 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. 
PROCARDIA CAPSULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069- 
2600-72), and unit dose (10x10) (NDC 0069-2600-41). The capsules should be protected from 
light and moisture and stored at controlled room temperature 59° to 77°F (15° to 25°C) in the man- 
ufacturer's original container. 
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91 Effects of Reduced Coronary Flow on Thallium-201 Accumulation and Release in an In Vitro Rat Heart 

Preparation _ l l 

o “SAMUEL Z. GOLDHABER, JOHN B. NEWELL, JOANNE S. INGWALL, GERALD M. POHOST, 
NATHANIEL M. ALPERT, and ERIC T. FOSSEL 


To study the relation between myocardial thallium-201 uptake, thallium-201 release, and reduced coronary flow, 
isolated Langendorff rat hours (n = 8) were perfused for 3 hours at constant flows ranging from physiologic (12 
ml/min) to severely ischemic (1.5 ml/min); thallium activity was monitoring with a scintillation probe. Each heart: 
was perfused for 1 hour with thallium buffer, followed by 2 hours with thallium-free buffer at the same flow rate. 
Accumulation curves for all 4 flows were monoexponential. ‘However, release curves during the 2 hours o 
“washout with thallium-free buffer demonstrated a biexponential configuration, The early fast release component 
-< decreased with reductions in coronary flow, and the later slow release component did not vary significantly w 


__ flow. These data show that thallium clearance has at least 2 components: a rapid (possibly extracellular) com 


-nent related to coronary flow and a slow (possibly intracellular) component independent of coronary flow. The: 
findings should be useful in providing a better understanding of thallium redistribution observed clinically, 
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In cardiac ultrasound, 
image quality is critical. 


So, forget our high-technology 
background, our long association 
with cardiology, 

our price, 

service, 

reliability, 

software upgrades, 

ease of use, 

FFT Doppler (at no extra cost), 
dependability, 

and computer power. 





Instead, do just one thing: 
Compare our image for yourself... 


An image so exceptional, _ 
you have to see it to believe it. 


The Electronics for Medicine/ 
Honeywell Ultra Imager gives you so 
many features for such a reasonable 
price, you could choose it for this 
reason alone. 

But we don’t want you to. 

Instead, what we want you to do is 
call us, along with the manufacturer 
of any other comparable cardiac 
ultrasound system, for a demonstra- 
tion. You can even let them bring 
along their best sonographer. 


Then, compare the quality of the two 
images side-by-side 


What will you find? 

We're convinced that once you've 
seen the difference for yourself, you'll 
find that in this comparison, there is 
just no comparison 


The E for M/Honeywell Ultra Imager. 





We don't just claim to have better 
image quality 
We’re willing to prove it. 

For more details or a demonstra- 
tion, call, toll-free, (800) 328-5111 
extension 174. In Minnesota, call 
collect (612) 870-2682, extension 174. 
Or write our Customer Communica- 
tions Center, P.O. Box 16525, Denver, 
Colorado 80216 


Electronics for Medicine/Honeywell Inc., One Campus Drive, Pleasantville, New York 10570, U.S.A 
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C Prescribe as you would for a member 


f family; Rx Lanoxin. ° ° 
O Burrougta Wellek a: Like the quality of 


manufacturing process—from leaf to ® 
tablet—provides a high degree of 
consistency and reliability—from batch 
to batch, tablet to tablet. è A 

O Only a few cents more than generic 
digoxin, Lanoxin cost has not increased 120x1 3 
significantly since it was introduced. 

C A choice of dosage strengths and forms 0.25 mg (250 ug) tablets | 
is available to help you tailor therapy to j 
meet individual patient needs. 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome North Carolina 27709 
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Influence of Partial Sympathetic Denervation on the Results 
Of Myocardiat Revascularization in Variant Angina ; 


MADEO BETRIU, MD, JOSE LUIS POMAR, MD, MARTIAL. G. BOURASSA, MD, and 


UDE M. GRONDIN, MD 


ssulte of the aortocoronary bypass graft op- 
on in the treatment of variant angina have been 
bed to recurrent vasospastic activity due to 
nomic imbalance. Cardiac sympathetic de- 
ration (plexectomy) may represent a rational 
roach in the prevention of vasospasm. To test the 
e of plexectomy in the treatment of variant an- 
a, 31 patients were studied, 17 of whom (Group 
erwent conventional coronary artery grafting 
the remaining 14 (Group 2) underwent 
thetic denervation also. The 2 groups 

lar with respect to age (54 + 8 versus 50 

), sex distribution (male/female ratio 12/5 

5), prevalence of coexisting effort angina 

s 12 patients), previous myocardial in- 

ersus 4 patients), and duration of variant 

+ 5.4 versus 2.4 + 2.7 months). The left 

r ejection fraction was comparable in both 

i 0 +1 1 versus 60 + 4%) as were left 


nel- blocking agents provide effective 
oms in most patients with the variant 
pectoris.!-8 Nevertheless, coronary artery 
rrently offered to a subset of patients with 


e nt of Surgery, Montreal Heart Institute and the 
eal Medical School, Montreal, Quebec, Canada. Dr. 
j scientist at the Montreal Heart Institute at the time 
med. Manuscript received June 28, 1982; revised 
Novernber 22, 1982, accepted November 24, 


its: laude M. Grondin, MD, Montreal Heart Institute, 


5000 East aia Street, Montreal, Quebec, i 


ventricular end-diastolic pressure (15 + 4 er 
13 + 5 mm Hg) and extent of coronary artery dis 
ease (65 versus 71% prevalence of multivesse 
disease). 

The average duration of follow-up was 23 ł 
months in Group 1 and 22 + 18 months in Gro 
(p = not significant [NS)). There were no oper 
deaths. Four patients, 2 in each group, had a 
ioperative myocardial infarction. Seven patients | 
Group 1 and 1 patient in Group 2 had recurre 
variant angina. There was sudden death and 
farcts in Group 1. Actuarial curves showed the 
mulative probability of recurrent variant angin 
be significantly lower (p <0.05 and p <0.001 < 
and 10 months, respectively) in Group 2. This stud 
suggests that cardiac sympathetic denervation m 
log recurrent vasospastic activity in varia 


variant angina who preisót with fixed severe coron 
artery stenoses and show poor response to medic: 
treatment. Unfortunately, aortocoronary bypa: 
grafting appears less successful in the variant form the 
in the classic form of angina, ™™! as evidenced b 
higher rate of graft occlusion?!2- and of recurrence 
symptoms despite graft patency.! Coronary artel 
spasm, ne primary pathogenetic: mechanism i in van 
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and coronary atey grafting may pres a reasonal 
surgical approach for patients with variant angina 
obstructive coronary artery lesions: © 
Plexectomy i in the treatment of variant angina was 
introduced in 1977.!° Recently, Bertrand et al!! re 
ported on 22 patients undergoing combined plexectom 
and coronary artery bypass grafting. To our knowled, 
no other clinical study dealing with cardiac denervati: 
in the management of variant angina has been repo 
To further elucidate the possible advantages of 
cardial revascularization associated with plexe 
over the former procedure alone we studied 31 cor 
utive patients, 14 of whom had combined coronary 
tery bypass grafting and partial sympathetic dener 
tion. 


Follow-Up 
Events 
propranolol; Periop 


= elevated S-T segment; t = Student’s t test; V = verapamil; VA 


(mo) 


Extent of | 


ACBG Follow-Up — 
left anterior coors artery; LCx 
t; = 


not significan 


(n) 


Methods 

Patient group: During a 5-year period ending in Deceml 
1981, 31 patients presenting with the variant form of an 
underwent. myocardial revascularization: at: the Montri 
Heart Institute. Variant angina was defined as that occurri 
at rest. and associated with a transient elevation of the 
segment of 20.2 mV- and no. subsequent evidence of myc 
dial infarction. Surgery was performed because of failur 
medical treatment to:control the chest pain or because of t 
severity and location of coronary artery lesions, or both. 
Seventeen patients (Group 1) underwent aortocoronary b 
pass operation alone; the remaining 14 (Group 2) underwe 
in addition to coronary artery grafting, partial aympathe 
denervation. 

Clinical characterization (Table J): The:mean age ol 
Group 1 was 54 years (range 42 to 66) and that of group 2 w. 
50 years (range 35 to 64). There were 12 men and 5 women 
Group 1 and 9 men and 5 women in Group 2. Differenc 
age and sex distribution between the 2 groups were not 
tistically significant. Coexisting angina on effort was pre 
in 10 patients in Group 1 and in 12 in Group 2 (NS). 
prevalence of previous myocardial infarction (7 patien 
Group | and 4 patients in Group 2) was similar in both grou) 
Recent: onset variant angina (<1 month in duration) 
found in 9 patients in- Group Tand 6 in Group 2 (NS). T 
patients in Group 1 and 2 in Group 2 were treated with | 
acting nitrates. and propranolol, whereas the remainin 
patients (14 in Group 1 and 12 in Group 2) received cal 
antagonists. The choice of a particular. calcium-chan 
blocking agent depended on its availability at the time. 

Hemodynamic and angiographic data: Left vent icu 
end-diastolic pressures were comparable in both groups | 
+ 4.2 mm Hg in Group 1 and 13.2 + 4.5 mm Hg in Group 
were the left ventricular ejection fractions (60.1 + 11 
Group 1 and 60.2 + 4.2% in Group 2). Coronary artery í 
was considered significant when the luminal diameter 
narrowed by 250%. Stenoses of the diagonal or the marg 
branches were considered lesions of the left anterior 
scending or the circumflex coronary artery. 

Single-vessel disease was present in 7 patients (41%) 
Group 1 and 6 patients (48%) in Group 2, whereas double- a 
triple-vessel disease, respectively, were found in3 (18%) 

6 ( 35%) patients in Group 1 and in 7 (50%) and 2 (14%) 
tients in Group 2. Three patients in Group land Lint 
2 had left main coronary artery stenosis, associated in 
stances with lesions in other coronary arteries. Dif renc 
the incidence of single-, double-, and triple-vessel í 
those found between single- and multiple vessel 

h statistical gnili leance, 
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, 2-, and 3-vessel disease, respectively. 





left ventricular end-distolic pressure; MI 


VA (mo) 
0.61 
0.6 
NS 


Duration of 
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aortocoronary bypass graft; CA = coronary artery; D 
variant angina; x? = chi-square. 


Sex 
* Values refer to the presence of 1- 


ACBG 
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urgical procedures: The electrocardiogram (lead CMs) 
was monitored throughout the procedure. A nitroglycerin drip 
infusion was started at induction of anesthesia and continued 
for at least 24 hours postoperatively. Standard cardiopul- 
monary bypass and systemic hypothermia (24°C) was used. 
Intermittent crystalloid cold cardioplegia and topical hypo- 
_ thermia were used for myocardial protection. Distal anasto- 
moses were performed first through a single aortic cross 
clamping. A mean of 2.3 grafts per patient was inserted in 
Group 1, whereas an average of 1.7 + 0.6 grafts were inserted 
in patients in Group 2 (NS). Partial sympathetic denervation 
_ was carried out after completion of the proximal anastomosis, 
the heart fibrillating and the aorta unclamped, according 
toa technique previously described. !? Briefly, the procedure 
involves removal of the adventitia of the ascending aorta, of 
the anterior and superior aspect of the main pulmonary artery 
and its right and left branches, and the inferior aspect of the 
aortic arch including the triangle of tissue overlying the carina 
and left main bronchus underneath the aortic arch. Histologic 
examination showed the presence of ganglion cells and nerve 
fibers in all instances. 
. Perioperative myocardial infarction was diagnosed when 
both enzymatic (myocardial-specific creatine kinase [CK- 
MB)) and electrocardiographic criteria were present. Serial 
ood samples for enzyme determination were withdrawn the 
y before operation, at the beginning of cardiopulmonary 
bypass, 6 and 8 hours postoperatively, and daily for the 5 
following days. The upper limit of normally expected post- 
operative CK-MB activity was considered 120 [U/liter. This 
corrésponds to the 95% confidence limits of the mean peak 
CK-MB activity (61.18 + 28.41 [U/liter) of a series of 79 pa- 
tients undergoing uneventful simple coronary artery bypass 
grafting in our institution. Standard 12-lead electrocardio- 
grams were obtained the day before and immediately after 
operation, daily for 5 days, and before hospital discharge. 
Electrocardiograms were also obtained as deemed clinically 
appropriate. The electrocardiographic criterion for a new 
infarction was the appearance of a Q wave of at least 0.04 
second in duration in 2 or more adjacent leads. 
Follow-up: After discharge, each patient returned to the 
outpatient clinic at 1 month, 3 months, and every 6 months 
thereafter. On each visit a standardized: questionnaire, 
physical examination, and electrocardiogram were recorded. 
Mean follow-up was 23.12 + 15.2 months in Group 1 and 22.43 
+ 18.3 months in Group 2 (NS). Two patients in Group 1 were 
ost to follow-up at 9 and 18 months. 
Statistical analysis: Data are expressed as mean + stan- 
dard deviation. Clinical and angiographic data were compared 
by using the unpaired ¢ test or the chi-square test when ap- 
propriate. Actuarial curves were plotted with the follow-up 
data. Cardiac death, myocardial infarction, and variant angina 
were considered endpoints. The difference between groups 
s assessed by the Mantel-Haenszel test.?? A probability (p) 
ue <0.05 was considered significant. 


Results 


roup 1; There were no surgical deaths. In 2 patients 
ases 5 and 6) a perioperative anterior myocardial in- 
rction developed. Patient 5, who had a single bypass 
to the left anterior ‘descending coronary artery for a 60% 
stenosis of the main left stem, again underwent cardiac 
catheterization 3 weeks after the infarct. His bypass 
ft was occluded and he underwent a second operation 
n which a double graft to the left anterior descending 
and to the circumflex i coronary artery was constructed. 




























































patients (Cases 26 and 30) underwent anglogr. 
Three months later, chest pain with transient S-T seg- J: 


ment elevation at rest recurred and a second postoper- : change i in the coronary ; arterie 


ative angiogram was s obtained. The byes graft to the ae 
left anterior descending artery was occluded and that 
of the circumflex was patent. The patient was given 
nifedipine (20 mg, 4 times a day) and has remained 
asymptomatic. Patient 6 has been free of symptoms: f 
since his perioperative infarct. There were 2 other in- 
farcts in this group, at 3 and 14 months (Cases 9 and 14, 
respectively) and 1 sudden cardiac death at 20 months 
(Case 11). 3 

Spontaneous transient S-T segment elevation with- 
out further evidence of infarction was documented in- 

4 patients (Cases 2, 3, 4, and 14) during hospitalization. 
Patients 4 and 14 showed the electrocardiographic = 
changes shortly after their arrival in the recovery room, __ 
whereas Patients 2. and 3 had the attack 1 week after the 
operation. In all instances the S-T segment elevation _ 
occurred in the same leads as in those preoperatively awe 
(precordial i in Patients 2, 3, and 4 and in the inferior 
leads in Patient 14) and disappeared after the admin- 
istration of a bolus dose of nitroglycerin. These patients 
were given calcium-channel blocking agents for 3 
months after discharge from the hospital. 

Five patients (Cases 1, 2, 5, 18, and 14) had recurrent 
chest pain at rest which developed at variable intervals 
after operation (at 3, 5, 6, 9, and 10 months). All 5 pa- 
tients were off medication at the time of recurrence and 
all but 1 (Case 6) were relieved of angina with the use 
of calcium-channel blocking drugs. Patient 2, who. 
showed both early and late recurrent variant angina, —__ 
underwent a repeat angiographic study. Although his. 
bypass graft to the left anterior descending coronary 
artery was patent, a transient occlusion of the distal 
vessel was elicited by administration of ergonovine. In 
Patient 13, angiographic evaluation performed shortly © 
after onset of recurrent angina showed patency of the ~ 
graft and an unchanged coronary anatomy. eRe 

Group 2: All patients survived the operation. There 
were 2 perioperative infarctions, anterior in Patient 18 
and inferior in Patient 21. Both patients have remained | 
symptom-free. Patient 25 presented with several epi- 
sodes of S-T segment elevation within the first 48 hours. 
The first of these episodes occurred in the operating: fae 
room and subsided after administration of papaverine 
into the graft to the left anterior descending coronary __ 
artery. Subsequent attacks required repeat intravenous 
bolus doses of nitroglycerin in addition to the perma- 
nent drip infusion. Control of these episodes was — 
achieved by the use of calcium-channel blocking. ents 
(through the nasogastric tubing during + i 
hours). Both diltiazem and nifedipine we 
tered to this patient until the 7th postoperat 
when unexpected left ventricular failure ore ' 






























Australia pas Ta 14 months after ope rat 
No late myocardial infarction or recurrent variant an- 
gina was documented in this group. Two asymp 











which demonstrated patent: bypasses and 





‘omparison of the: 2 groups: The chi-square test 

isclosed significant differences between the 2 groups 

th respect to the overall prevalence of new coronary 

events (p <0.05), but no difference was found when 

valence of recurrent variant angina or that of peri- 

| postoperative myocardial infarction and cardiac 
leath were analyzed separately. 

tuarial curves showed the cumulative probability 

new coronary events to be significantly different in 

: roups (p <0. 01 at 6 months and p <0.001 at 10 
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G probabil of overall new coronary events (top), that 
ry “events with the exception of variant angina (middle), 
é mamal (bottom). Note that. when only myocardial 


CBG = = ortocoronary Bypass = 


months). Cumulative probability or recurrent vari 
angina was also different in each group (p <0.05 at 
months and p <0.001 at 10 months). When only my 
cardial infarction and death were selected as endpoints 
the actuarial analysis failed to show differences betwee 
the study groups (Fig. 1). 


Discussion 


The cyclic nature of variant angina that includes l 
asymptomatic time intervals and spontaneous re 
sions makes assessment of the effectiveness of 
treatment quite difficult.2?-25 Recently, calciu 
channel blocking agents have proved the therap: 
choice in this condition.®?26 Patients in whom spas 
and severe coronary artery stenoses coexist are si 
considered surgical candidates. The results of coronar 
artery bypass surgery in variant angina are not as. 
gratifying as those obtained in conventional effort an 
gina, as evidenced by the lower patency rate and highe 
recurrence of symptoms.?:!2-5 In addition, a high 
incidence of perioperative myocardial infarction. ha 
been reported.’ Coronary artery spasm, the underlyin; 
mechanism of variant angina,!6-!827-80 conceivably ma 
occur distal to a patent graft and jeopardize the results 
of an otherwise successful operation. Prevention of 
coronary spasm therefore appears to be a logical com- 
plement to revascularization procedures in the treat 
ment. of variant angina. Although the mechanism 
coronary spasm remains largely unknown, the auto 
nomic nervous system appears to play an importe 
role. Yasue et al? suggested that attacks of variar 
angina are initiated by enhanced parasympathetic 
tivity, although the parasympathetic neurotransmitte 
acetylcholine, causes direct coronary. vasodilatatior 
Acetylcholine also induces release of norepinephrin 
from the postganglionic sympathetic nerve terminal. 
in the heart which, in turn, causes. vasoconstriction 
large coronary arteries by activating alpha receptor 
Thus, cardiac sympathetic denervation might be a ve 
approach in the prevention of coronary artery spasn 

Permanent and complete cardiac denervation i 
difficult to achieve short of allotransplantation. De 
nervation obtained by autotransplantation*! is com 
plete, but temporary as fibers ultimately regenerate 
cross the suture lines. The heart receives its sympathet, 
innervation mainly from the cervical ganglia. It has no 
been clearly demonstrated that the sympathetic syst 
below the stellate ganglion participates in the car 
innervation. Nonetheless, the sympathetic fibers 
inating from the lower cervical. and upper tho: 
ganglia merge with vagal fibers to form cardiac plex 
The major plexuses are located anterior to the aorta 
trachea and behind the left atrium near the intera 
septum. The pretracheal plexus contains several g: 
glia, including the large and inconsistent ganglion ol 
Wrisberg. Section of the preaortic fibers and removal 
of the pretracheal plexus may be sufficient to sev 
connections with the coronary plexus. a 

Although sympathetic cardiac denervation was user 
initially to interrupt pain fibers in patients with 
pertoria, 3233 its use in the treatment of variant : 

as fi t performed i in 2 pa! 








presented with variant angina associated with organic 


coronary artery lesions. Both remained free of symp- 
toms 12 and 18 months after operation.!° More recently, 
Bertrand et al'! compared the results in 22 patients 
_ undergoing combined plexectomy and coronary artery 
bypass grafting with those obtained in 13 patients who 
had isolated revascularization procedures. They ob- 
served a 5% recurrence rate of variant angina in the 
former group, versus 18% in the latter. Although these 
figures suggest that associated plexectomy improves the 
results of the aortocoronary bypass operation in variant 
angina, the significance of their findings remains 
unsettled because no statistical analysis was applied to 
: their data. However, the extent of follow-up was longer 
in the series of patients without plexectomy, and that 
may account—at least in part—for the higher rate of 
recurrent angina observed in this group. 
-Jn contrast, the present study concerns only patients 
_ whose operations were performed during the same time 
_ frame. Because the choice of plexectomy was a medical 
decision, our study may be regarded as an open-label 
trial and thus subject to bias. However, the 2 groups 
were homogeneous with regard to age and sex distri- 
bution, prevalence of coexistent effort angina and pre- 
vious myocardial infarction, and time of onset of variant 
‘angina. In addition, left ventricular function, as assessed 
_by left ventricular end-diastolic pressure and ejection 
_fraction, was similar in both groups. As for the extent 
-of coronary artery lesions, no significant differences 
were found in the 2 study groups, although the incidence 
of 3-vessel involvement was greater in Group 1 (35% 
versus 14%); this difference failed to reach statistical 
ignificance because of the small sample size. Further- 
: more, it is not likely that the results could be influenced 
seriously by differences in the severity of coronary ar- 
-~ tery disease as the outcome of the 2 groups appears re- 
-> lated only to recurrences in variant angina. 
«o Our series did not show an increased operative mor- 
-tality in variant angina. In 1974, Gaasch et al? reported 
from the literature a 12.5% rate of operative deaths. 
Composite results from 17 series!° totaling 126 patients 
showed an operative mortality of 10%, higher than that 
< generally observed. There was no operative death in the 
current series, a fact that may be related to improved 
intraoperative myocardial protection as well as the 
routine use of intravenous nitroglycerin during opera- 
“tion and the first postoperative day. 
_ The rate of perioperative myocardial infarction in this 
study (13%) is comparable with that observed in pa- 
ts undergoing coronary artery grafting before the 
of cardioplegia but superior to the current rate with 
plegia.24 These findings differ from those of 
evious reports showing a high incidence of perioper- 
itive myocardial infarction in variant angina.!415.35 
However, the value of these reports is limited as they 
eal with small population samples. The composite 
-tesults.from 17 series!© show a perioperative infarction 
rate of 15%, comparable with that in the current 
study. 2.0. 
No myocardial-infarction was demonstrated in the 
patient with repeated episodes of S-T segment elevation 
` within 48 hours after plexectomy. Although variant 
















































angina could not be demonstrated on long-term fol- 
low-up, the early electrocardiographic changes indicate _ 
that vasospastic activity could not be prevented by | 
plexectomy. Whether partial sympathetic denervation 
was adequately achieved or not in this patient is difficult“ 
to assess. However, because autonomic dysfunction is ` 
certainly not the only cause of spasm, an increase in 
circulating catecholamines or changes in the coronary. | 
vessel walls themselves could account for the recurrent. 
vasospasin. 
Although the hypothesis that plexectomy is effective- 
in preventing recurrent vasospastic activity is supported | 
by our data, these must be interpreted with caution. 
Several methodologic difficulties arise in assessing | 
therapeutic efficacy in the setting of coronary artery. 
spasm. As mentioned earlier, the cyclic nature of the 
disease is a confounding factor that often magnifies the 
apparent benefits of any therapeutic intervention. Be- . 
cause patients tend to present to physicians at peak of 
disease activity, improvement may occur regardless of 
the therapy used. It should be stressed in this respect = 
that 40% of patients in Group 1 have not manifested -A 
evidence of recurrent vasospasm since operation. We: 
did not attempt to elicit vasospasm by ergonovine in- 
jection. This test may be negative in asymptomatic __ 
patients.”°.?6 Because recurrence of pain was the only 
clinical variable separating the 2 groups of patients, it —_ 
is conceivable that plexectomy, in fact, leads to inter- 
ruption of pain fibers rather than to abolition of spasr 
Effort angina did occur in both groups, however, which 
suggests that interruption of afferent pain fibers was not 
the primary mechanism for the relief of variant angina. 
Larger series, perhaps with pre- and postoperative er- 
gonovine tests and a longer follow-up, will be required __ 
to validate our data. Nonetheless, as plexectomy does 
not increase the surgical risk, the association of this 
procedure with aortocoronary bypass grafting may be __ 
considered in the management of patients presenting 
with refractory variant angina. At present, plexectomy 
is not advocated for patients with variant angina who 


















have no significant obstructive coronary disease. 
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Digital Angiography in Assessment of Ventricular Function 
And Wall Motion During Pacing in Patients With 
Coronary Artery Disease 


JONATHAN TOBIS, MD, ORHAN NALCIOGLU, PhD, WARREN D. JOHNSTON, MD, 
ANTHONY SEIBERT, PhD, LLOYD T. ISERI, MD, WERNER ROECK, Eng Grad, and 


(ALTER L. HENRY, MD 


Using digital subtraction angiography, left ventric- 
ulograms were obtained with 10 ml of iodinated 
contrast material in 21 patients both at rest and 
during atrial pacing. In 15 patients with significant 
coronary artery lesions (CAD) (>50% diameter 
narrowing in at least 1 major artery), ejection frac- 
tion decreased during atrial pacing from a mean of 
62 + 14% to 51+ 15% (p <0.001). In 14 (93%) 
of 15 patients, ejection fraction decreased or was 
unchanged during pacing. In 6 patients. with chest 
pain but normal coronary arteries, ejection fraction 
increased from a mean of 66 + 9% at rest to 72 + 
6% during atrial pacing (p <0.01). Ejection fraction 
increased by 25% during pacing in 5 of 6 patients 
with normal coronary arteries. Patients with CAD 
also had an abnormal response in end-systolic vol- 
ume during atrial pacing (50 + 31 ml at rest versus 





47 + 24 mi during pacing) compared with patients 
with normal coronary arteries (46 + 16 ml at rest | 
versus 26 + 9 ml during pacing; p <0.01). The digital 
ventriculograms demonstrated new or increased — P 
wall motion abnormalities during atrial pacingin 4 
of 5 patients with CAD who had wall motion abnor- 
malities at rest and in 8 of 10 patients with CAD wh 
had normal wall motion at rest. Moreover, these wall 
motion abnormalities occurred in myocardial wall 
segments. that were supplied by coronary arteries _ 
with significant lesions. 
Thus, because digital subtraction angiography 
allows multiple left ventriculograms to be obtaine 
during routine cardiac catheterization, interventio 
studies such as atrial pacing can be used to obtain 
a functional assessment of the severity of corona! 
arterial lesions. 
















Digital subtraction angiography enhances standard 
angiographic images by processing the radiographic 
images through a high- speed digital computer. The 
enhancement is such that adequate visualization of 
ajor arterial systems can be obtained with low con- 
trations of iodinated contrast material.! Because 
er concentration provides adequate visualization, 
idard doses (30 to 40 ml) of contrast material can be 
jected intravenously, which is different from tradi- 
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tional angiography in which the same amor of con- 
trast material must be injected directly into the arteri 
circulation. Several investigators have reported the 
results with digital angiographic imaging of caroti 
renal, and other peripheral arteries,2-> whereas 
have actively been employing this technology i 
imaging.®-® We recently reported our results co 
digital first-pass left ventriculograms obtain 
intravenous administration of 30 to 40 ml of « 
material with standard left ventriculograms o 
during cardiac catheterization with intravents 
injection of the same amount of contrast, mate 


to use ‘the acl subtraction vecbniguet to ) 
ages so That less contrast material | sn 
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angiography to obtain left ventriculograms with one 
fourth the usual amount of contrast material. Therefore, 
4 times as many digital left ventriculograms can be 
performed compared with standard cineangiograms 
without increasing either the total amount of contrast 
material or the radiation exposure to the patient.® This 
capability of obtaining additional left ventriculograms 
might permit the angiographer to assess the functional 
capacity of myocardial segments supplied from specific 
coronary arteries by performing ventriculography be- 
fore and after a stressful intervention during routine 
cardiac catheterization. 

This study assesses whether small-dose left ventric- 
ulograms obtained with digital angiography at the time 
of routine cardiac catheterization could be used before 
and during atrial pacing to determine the functional 
significance of coronary artery disease (CAD) as defined 
by changes in ejection fraction and the development of 
wall motion abnormalities. 


Methods 


Digital angiographic technique: Digital angiography was 
performed using the method of mask mode subtraction.!!)!2 
This technique involved the acquisition of fluoroscopic images 
of the heart before and during contrast injection. Each 1/30 
second fluoroscopic image was digitized by an image pro- 
cessing computer (Cardiac 1000, American Edwards Labo- 
ratories, Irvine, California) into a 512 by 512 by 8 bit matrix. 
Each picture element (pixel) in the matrix was capable of 
differentiating 256 shades of gray. Because the memory of the 
image processing computer was large enough to allow com- 
puter storage of a 512 by 512 by 12 bit matrix, 16 frames of the 
512 by 512 by 8 bit images were summated and stored in 
memory for the mask. This mask image contained data about 
the soft tissues and bone structures of the chest. After the 
mask was obtained, each new 1/30 second video fluoroscopic 
image was digitized and the stored mask was subtracted from 
it in real time. If perfect subtraction occurred, the resultant 
image signals would cancel out and not reveal any soft tissue 
or bone structures. If iodinated contrast media were injected 
after the mask was obtained and during fluoroscopy, the soft 
tissues and bones would be subtracted but the iodine signal 
would be maintained so that low concentrations of contrast 
material in the heart could be visualized more clearly. 

Our catheterization laboratory is equipped with a Siemens 
Cardioskop U-arm x-ray unit. Images were focused on a 7-inch 
cesium iodide image intensifier and the images were converted 
into an electrical signal by a Plumbicon television camera. The 
video output signal from the television camera was connected 
to the image processing computer where it was logarithmically 
amplified before computer digitization. The subtracted images 


FIGURE 1. End-diastolic (A) and end- 


systolic (B) images obtained by inject- REAL 
ing 10 ml of contrast material over 2 TIME 
seconds into the left ventricle. The SUBTRACTION 


video signals are processed in real time 
by the method of mask mode subtrac- 
tion. Images are recorded on videotape 
and displayed in real time on a televi- 
sion monitor. 
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were processed in real time and displayed on television mon- 
itors in the catheterization laboratory. For this study, the 
fluoroscopic exposure level was set at 8 mA and 70 to 90 kVp 
depending on the size of the subject. The 8 mA setting is 2 to 
3 times the electrical current typically used in fluoroscopy. A 
5-mm thick aluminum filter was used to eliminate low-energy 
radiation. The measured incident exposure rate on the image 
intensifier was 2 to 17 wR/frame depending on the kVp. After 
mask mode subtraction processing, the images were recon- 
verted to analog format for storage on videotape (Sony Be- 
tamax, model SL0323MD, 1/2-inch recorder) (Fig. 1). After 
the study, analog images could be replayed through the 
computer and the image redigitized. This postprocessing of 
the images permitted manipulation of the contrast and gray 
scale levels through the computer to enhance visualization and 
boundary detection. The computer contained software pro- 
grams to calculate left ventricular volume and ejection fraction 
using the area-length method.!* A more comprehensive de- 
scription of our imaging system is presented in a previous 
report.!9 

Clinical studies: Patients undergoing left ventriculography 
during routine cardiac catheterization for clinically indicated 
reasons were asked to participate in this study. Patients with 
left main coronary artery obstruction and those with unstable 
angina were excluded from the study. Informed consent was 
obtained for each patient who agreed to participate. Drugs 
such as long-acting nitrates and beta-adrenergic antagonists 
were withheld for 24 hours before the study. Twenty-one pa- 
tients (14 men and 7 women) who had a clinical history of 
chest pain were evaluated by atrial pacing. The mean age was 
54.3 years (range 38 to 70) and the mean weight was 82.4 kg 
(range 54.5 to 120.5). Fifteen patients had at least 1 anatom- 
ically significant coronary artery lesion. Significant coronary 
artery stenosis was defined as 250% diameter narrowing of 
the coronary artery in at least 1 projection. Two or more 
projections were obtained for each coronary artery in standard 
and caudocranial views. At least 2 of these projections were 
orthogonal. The lesions were as follows: 9 in the left anterior 
descending artery, 8 in the circumflex system, and 11 in the 
right coronary artery. Six patients had normal coronary ar- 
teries as defined by <25% diameter narrowing of all coronary 
branches. Percent coronary artery stenoses in each patient are 
presented in Table I. 

After coronary angiography was completed, a 7-French 
Cordis pigtail catheter was passed retrograde across the aortic 
valve into the left ventricle. A digital left ventriculogram was 
taken at rest in the 30° right anterior oblique position by in- 
jecting 10 ml of Vascoray® or Hypaque® 75 at a rate of 5 ml/s. 
A 6-French Cordis bipolar temporary pacemaker wire was 
passed from the right femoral vein under fluoroscopic control 
and placed against the lateral border of the right atrium. The 
pacemaker wire was connected to a Medtronic external pulse 
generator (model 5375). The right atrium was stimulated at 
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beats/min ‘above the patient’s 
ng heart rate. The rate was increased in increments of 10 
ats/min every minute until the patient experienced chest 
ain or until 85% of the maximal predicted heart rate was 
ched. If atrioventricular Wenckebach heart block devel- 
od, 1: mg atropine was administered intravenously and the 
g study was continued, When the end-point heart rate 
ed, another 10 ml digital left ventriculogram was 
The cemaker was then turned off. To correct 
on, an 8 by 8 cm grid was placed on the x-ray 
was performed at a height corresponding 

tient’s anteroposterior thoracic dimension. 
e intensifier and x-ray tube were adjusted to the 
ion used in the study and. the grid was fluoroscopically 
maged and recorded on videotape for subsequent analysis of 

entriculograms. 

Left ventricular pressure was recorded through the fluid- 
ed 7-French pigtail catheter using a Statham P23ID 
ransducer. Left. ventricular end-diastolic pressure was 
neasured ‘from. the pressure tracing as the point after the “a” 
ave whëre the rapid upstroke of the left ventricular pressure 
rve began. Pressure was recorded before the digital angi- 
graphy studies, after the initial resting 10-ml digital study, 
d then after the 10-ml digital study obtained during atrial 
ing. In the latter 2 situations, left ventricular pressure was 
rded within 3 minutes after the contrast material was 
cted. The mean end-diastolic pressure at rest and after the 
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f: left ventricular end-diastolic volume obtained 
i angiography before and after atrial pacing. 
ided after coronary angiography into those with 
y % 


ster: narrowing) and 


baselinié 10- Vial digital study was compared 
t test.” 

Electrocardiographic (ECG) monitoring was perenne 
rest and during atrial pacing using leads I and Ve. 
ischemic changes were interpreted as 1 mm horizontal 
depression persisting 0.08 second after the J point. 

Analysis: The rest and pacing images recorded on vide 
tape were reviewed and the heart beats in which the greate 
concentration of dye was seen in the left ventricle were ch 
for analysis. Images from these cardiac cycles wer i 
by the computer system so that the boundary of t 
tricle could be electronically traced directly on tl 
image. An end-diastolic frame was chosen by identif: 
image with the largest iodinated area and the end-s 
frame was identified as the image with the smalle: 
trast-filled area. End-diastolic.and end-systolic volume 
rest and during atrial pacing were calculated by the: comp 
using the area-length method corrected for magnificatio 
the grid.!3:4 Ejection fractions were computed from the 
ume calculations. Statistical analysis was pane ' 
Student’s ¢ test for paired data comparing end-dias' i 


was measured by may to be >50% narrowed compare dd 
the arterial segment proximal tothe lesion. A panel of 
diologists reviewed all the coronary angiograms. Wall 
abnormalities at rest or induced by atrial pacing were 
tatively assessed. Digital ventriculograms were intel 

by 1 member of the panel and reviewed by the other 2 
bers. The panel was not specifically blinded to the res 

the coronary angiograms. However, in over 75% of the 
wall motion analysis was made without knowledge-of 
coronary angiogram interpretation. Regions of normal 
abnormal wall motion seen on digital ventriculogram: were 
related to the presence or absence of anatomically significa 
coronary artery narrowing in the artery supplying 
myocardial regions. Arterial lesions were defined as 
tionally significant if rest- or pacing-induced. wall mo 
abnormalities were appreciated. 


Results 


Patient characteristics: Table I summar e8 Ô 
patient data and includes the heart rate and ej 
fraction data at rest and during atrial pacing in 21 
tients. T'welve of the 15 patients with CAD had 
York Heart Association class IIT or IV symptom: 

angina. However, all patients were free of pain 
hours before catheterization. The mean heart ra 
rest was 66 + 11 beats/min in patients with CAD an 
+ 12 in those with normal coronary arteries ( 

(not significant). The mean heart rate achieved 

atrial pacing was 124 + 15 beats/min (range 108 to 

in the group with CAD. Patients with normal corona 
arteries were paced to a mean rate of 132 + 15 beats/n 
(range 120 to 150) (p >0.2 compared with the pace 
heart rate achieved in patients with CAD). In 1 patie 
with CAD a complication developed during electrica 
stress testing. This patient had transient (6 seconds 
complete heart block but suffered no sequelae. 

Hemodynamic effects: The mean resting left 
tricular end- diastolic pressure was 18 + 8mm 





Angiographic results: Figure 2 demonstrates end- 
iastolic. volumes before and during pacing in 15.pa- 
tients with CAD and in 6 patients with chest pain but 

ronary arteries. Left ventricular end-diastolic 
decreased. during atrial pacing in 14 of 15 pa- 

with CAD. Mean end-diastolic volume was 125 

at rest and decreased to a mean volume of 95 + 

» <0.001) during pacing. In the 6 patients with 

mal coronary arteries, end-diastolic volume de- 

eased from a mean of 137 + 34 ml at rest to a mean of 

9 + 49 ml (p <0.02) during atrial pacing. There was no 
significant difference between mean end-diastolic vol- 
umes at rest or during pacing between the 2 groups. 

dso, there was no significant difference in the percent 
hange in mean end-diastolic volume from rest to pacing 

ween the 2 groups. 

Left ventricular end-systolic volume decreased during 
trial pacing in all 6 subjects with normal coronary ar- 
ries (Fig. 3), whereas end-systolic volume decreased 

in only 8 of 15 patients with CAD. In patients with CAD, 
mean end-systolic volume was 50 + 31 ml at rest and 47 
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DIGITAL END-SYSTOLIC VOLUME IN MILLILITERS 


In patients with normal coronary ‘arteriograms, : 

the mean resting end-systolic volume was 46 + 16 ml, 
and decreased during atrial pacing to a mean end-sys- 
tolic volume of 26 + 9 ml (p <0:01 compared with that 
at rest). Although end-systolic volumes at rest were 
similar in the 2 patient groups, the decrease in end- 
systolic volume was significantly greater in patients wi 
normal coronary arteries compared with those wit 
CAD (p.<0.05). : 

Ejection fraction data in the 2 groups of patients ar 
shown in Figure 4. In the 15 patients with CAD, mean 
ejection fraction at rest was 62 + 14 and decreased an 
average of 11 percentage points to 51 + 15 during atrial 
pacing (p <0.001). Ejection fraction decreased or was 
unchanged in 14 of the 15 patients. In the 6 patients. 
with chest pain but normal coronary arteries, restin 
ejection fraction was 66 + 9% (no significant difference. 
compared with that of the group with CAD) and in 
creased during pacing to 72 + 6 (p <0.01 compared with | 
that in patients with CAD). During atrial pacing, the 
ejection fraction increased by at least 5 percentage 
points in 5 (83%) subjects and decreased in t subject. 
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DIGITAL EJECTION FRACTION IN PERCENT 


FIGURE a. Comparison ‘of left ventricular. election: 


with 10 mi digital subtraction angiography before and 





Nall m abnormalities: The restibg digital 
ograms demonstrated wall motion abnormalities 
all 5 patients who had dysfunctional contraction 
tterns visualized on standard cineangiogram. The 
s of abnormal wall motion at rest and after pacing 
e listed in Table I. 
our patients had inferior wall dysfunction at rest 
of these patients had severe right coronary 
tion. During atrial pacing, more extensive 
of inferior wall motion developed in these 
tients and dyskinesia of the inferior wall developed 
One patient had extensive anteroapical akinesia 
rest with an ejection fraction of 32%. He developed 
chest pain at a paced heart rate of 110 beats/min but did 
not develop new areas of wall motion dysfunction de- 
ite the presence of significant disease in 4 vessels. In 
the 10 patients with CAD who had normal wall motion 
test, 8 patients developed new areas of abnormal 
contraction in muscle segments that were supplied by 
onary arteries with significant anatomic obstruction. 
of these 8 patients, the new area of wall motion 
rmality was located in the anterior wall and was 
ciated with significant obstruction in the proximal 
anterior descending coronary artery. In 2 of the 8 
ants, the new area of wall motion abnormality was 
ed in the inferior wall and was associated with 
ficant obstruction in the right coronary artery. In 
yatients abnormal wall motion developed in both the 
terior and inferior walls corresponding to significant 
ase in both the left anterior descending and right 
nary arteries. 
One patient (Patient 6 in Table I) with normal wall 
tion at rest had a decrease in ejection fraction of 12 
entage points, but no segmental wall motion ab- 
ality was visualized in the right anterior oblique 
n. The only significant anatomic obstruction 
tient was in the circumflex artery. One patient 
icant 3-vessel disease (Patient 4 in Table I) 
rease in ejection fraction of 5 percentage 
ing atrial pacing with normal wall motion 
| studies. In this patient chest pain developed 
d rate of 110 beats/min and the digital ven- 
gram was taken within 30 seconds of the onset of 
ain. 


Discussion 


ell described that coronary angiography may 
imate the extent of coronary artery narrowing 
mpletely miss significant lesions due to 
or foreshortening of vessels.!>~!7 Special 
ws help to reduce this problem.}8-20 
not unusual for angiographers to disagree 
erity of a coronary lesion on the basis of 
ction of the angiograms.”! A functional as- 
he hemodynamic effects of a specific lesion 
ful in that it might aid in evaluating the 

at lesion. 
to assess clinically the presence of myocar- 
nia is to measure ejection fraction during 
uch as exercise.”” Borer et al?3 found 


tion measured by. radio- 


bicycle exercise was 


chemic electrocar- 


diographie Habeas detected dite sanded: treadmil 
stress testing. Moreover, they demonstrated that 
motion abnormalities could be detected on radionu 
angiograms when myocardial ischemia de 
However, it is sometimes difficult to relate wal 
abnormalities visualized by radionuclide angio; 

to specific coronary artery lesions because they f 
quently are obtained from different views with 

edly different i image resolution and at differe: 


used to induce angina or ischemic electrocar 
changes when the same pressure-rate pre 
achieved compared with exercise stress tests. 

In the present study, we used digital angiograp| 
atrial pacing to assess ventricular volume, globi 
tion fraction, and segmental wall motion in the cat 
terization laboratory at the same time and in the s 
view that.1 of our coronary arteriograms was ta 
dose of 10 ml of contrast material and high fluoros 
exposure levels were used which made it poss 
obtain multiple ventriculograms without delete: 
hemodynamic effects from excessive amounts of cc 
trast material.2? We did not attempt to evaluate ve 
tricular function in patients with intermediate (25 
50%) diameter narrowing of the cornary arteries becat 
we wanted a comparison in lesions in which the 
tomic severity is accepted as being hemodynamica 
significant. Therefore, only patients with moderate 
severe coronary artery stenosis, (that is, >50% diame 
narrowing) were included in the CAD group. 

In response to atrial pacing, ejection fraction 
creased or did not change in 14 of 15 (93%) patients 
anatomically significant coronary artery les: 
whereas 5 of 6 (83%) patients with normal coronary ; 
teries had an increase in ejection fraction of at leas 
percentage points. Moreover, digital angiograms 
vealed the development of new or the exacerbatio 
existing wall motion abnormalities during atrial paci 
in all but 2 patients with significant CAD who had eith 
no change or a decrease in ejection fraction. The wal 
motion abnormalities corresponded to- ventricu 
muscle segments that were perfused by significan 
narrowed coronary arteries. Of the 2 patients who h 
no change or a decrease in the ejection fraction with 
developing a new segmental wall motion abnorm; 
in the right anterior oblique projection, 1 had signific 
stenosis of the circumflex artery. Because we did not 
obtain ventriculograms in the left anterior oblique 
projection during atrial pacing, we could not assess 
sions affecting primarily the lateral wall of the l 
ventricle, The patient with CAD who had no change 
ejection fraction during pacing (Patient 3) had a low 
ejection fraction at rest with diffuse anteroapical aki: 
nesis. In this patient chest pain developed at a heart rate 
of 110 beats/min. There also was 1 other patient who 
had significant 3-vessel disease in whom an increase in 
ejection fraction and no wall motion abnormality de 
veloped during atrial pacing. Chest pain developer 
this patient at a relatively low pacing rate of 
beats/min and the e ea ventriculogram wW 








au well hae been yaan if atrial pacing ay, been 
ntinued for a longer period after the onset of chest 


‘Although these results suggest that patients with 
sve CAD can be identified by atrial pacing 


; | other conditions besides CAD, can ice wall 
yn abnormalities and a decrease in ejection fraction 
g stress, such as cardiomyopathy and. valvular 
rt disease? Also, this study has a bias in its patient 
lection in that patients were excluded if they had left 
ain artery disease, unstable angina, valvular heart 
disease, or cardiomyopathy with normal coronary ar- 
es. However, the patients that were entered into the 
study represent the typical distribution for our hospital 
population of patients with symptoms of ischemic heart 
sease. 
‘There was so significant difference at rest in regard 
end-diastolic or end-systolic volume between patients 
with CAD and those with chest pain but normal coro- 
ary angiograms. During atrial pacing, 19 of the 21 pa- 
ients had a decrease in end-diastolic volume. This 
fi nding i is consistent with other studies which show that 
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DIASTOLIC 
VOLUME 


END- 
SYSTOLIC 
VOLUME 


EJECTION 
FRACTION 


l atrial: pacing decreases the. ‘ends diastolic volume. 
However, the effect of atrial pacing on end-systolic : 
volume was distinctly different between our 2 groups. ae 
In the 6 patients with normal coronary arteries, the | 
end-systolic volume decreased a mean of 20 ml (43%) 
from the resting value (p <0.01), whereas in the 15 pa- 
tients with CAD the mean end-systolic volume did not 
change significantly during atrial pacing. Therefore, th 

decrease in ejection fraction seen in patients with CAD 
was primarily due to the fact that the left ventricle could. 
not contract down to.a smaller end- systolic volume. 
when ischemia developed during atrial pacing. Thus, 
the inability of the myocardium to contract during 
ischemia is apparently reflected in alterations of end 
systolic volume during the stress of increased heart rate, 

whereas the end-diastolic volume continues to reflect 
changes in heart rate and ventricular filling despite the 
presence of ischemia. The implication is that ventricular. 





function can be assessed not only by the response of © L 
global ejection fraction to stress but also by the change 
in end-systolic volume during pacing. These relations 


are summarized. in Figure 5 in which the percent 
changes in left ventricular volumes and ejection fraction 


between rest and pacing are plotted for the 2 groups of 


patients with or without CAD. As can be seen, ejection 
fraction and, to a lesser degree, end-systolic volume 
changes during tachycardia induced by atrial pacing 


STROKE 
VOLUME 


<: FIGURE 5. The percent change ‘in lett vent 
i| and ejection fraction during atrial pacing. 

«testis plotted for the patients with coronary 
E E versus those with normal sti 











were good discriminators of normal patients versus 
hose with CAD. 
Atrial pacing precipitated chest pain in 10 patients 
including 2 with normal coronary arteriograms. In none 
_of the 6 patients with normal coronary arteries did 
nemic ECG changes develop during pacing, whereas 
in only 3 of the 15 (20%) patients with CAD did ischemic 
1G abnormalities develop (Table I). One explanation 
he low sensitivity of the ECG response in our pa- 
ay be that only 2 ECG leads were used. More- 
, our patients achieved a relatively low level of 
aximal heart rate during atrial pacing. The low max- 
imal heart rate was a result of our decision to stop in- 
creasing the atrial pacing rate and immediately perform 
digital angiography if the patient had chest pain. The 
fact that the ejection fraction decreased in 14 of the 15 
(93%) patients with CAD whereas only 3 of the 15 (20%) 
had ischemic ECG changes and 8 of the 15 (53%) de- 
sloped chest pain suggests that ischemia induced by 
rial pacing is initially manifested as an abnormality 
f muscle contraction before either ECG alterations or 
- subjective sensation of chest pain. Upton et al®° 
und similar results concerning the higher sensitivity 
wall motion analysis as compared with the develop- 
tof angina or S-T segment depression in patients 
ergoing bicycle exercise during radionuclide imag- 
Their results for end-diastolic and end-systolic 
me differ from ours probably because they used 
pright exercise whereas we used supine atrial 
































summary, digital subtraction angiography permits 
ultiple left ventriculograms to be taken during cardiac 
heterization without increasing the amount of con- 
st or X-Tay exposure to the patient and with less al- 
ion in hemodynamics than with the traditional 
eangiographic mode. Thus, functional evaluation of 
nary artery stenosis is facilitated by permitting 
sment of ventricular volumes, ejection fraction, and 
notion at rest and after an intervention such as 
I pacing. Similarly, it should be possible to study 
cologic interventions or exercise stress with 
giography i in order to assess the functional 
ance of coronary lesions. This information could 
in evaluating a patient with suspected or 
AD and in assessing functional improvement 
ronary bypass graft surgery. 
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fercutaneous transluminal coronary angioplasty 
(PTCA) is being used with increasing frequency in 
the treatment of patients with symptomatic coronary 
artery disease. Balloon inflation results in diverse 
angiographic findings, reflecting the great variety 
_of anatomic and pathologic changes produced. The 
ong-term effects of inflation on the underlying ath- 
erosclerotic lesion and the clinical outcome are 


Percutaneous transluminal coronary angioplasty 
(PTCA) has proved a frequently effective means of re- 
ducing coronary artery stenosis.'~ With this technique, 
a balloon catheter placed across the stenotic site is in- 
flated to reduce the obstruction. The controlled injury 
caused by this technique results in a range of anatomic 
changes manifested as diverse appearances on the an- 
giogram. The immediate and delayed consequences 
related to the various angiographic appearances are 
poorly understood. Changes may occur not only in the 
arterial segment in which dilatation is attempted (an- 
gioplasty segment) but also in other parts of the coro- 
1ary. circulation (nonangioplasty segments). Some of 
ese effects are the planned result of the balloon in- 
flation and controlled injury; others may be considered 
complications of the procedure. 

During this initial period of the clinical use of PTCA, 
‘we are still trying to understand the early and late 
onsequences of the various vascular effects. To facili- 
ite this understanding, construction ofa practical 
assification of the angiographic results may be helpful. 
e provide a broad description of the angiographic 
)pearances produced, based on a review of the litera- 
ire and experience with the first 100 cases of PTCA at 
kayo Clinic seen between October 1979 and No- 
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ee across the: stenosis. 














unknown but may depend in part on the anatomic | 
changes caused by the dilatation itself. To facilitate 
communication and evaluation of the results of —__ 
PTCA, a classification of the angiographic findings _ 
and their potential mechanisms is presented. Rec- 
ognition and analysis of these angiographic findings | 
may be helpful in evaluating the long-term outcome 
of patients undergoing PTCA. 
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vember 1981. As PTCA is a relatively new eade 

many of the interpretations offered are speculative. By 
developing a classification of the many angiographic 
changes that may be produced by PTCA, we hope to 
encourage a more orderly evaluation of the clinical re 
sults and to identify areas requiring additional i inves 
tigative efforts. 









TABLE! Angiographic Findings in 100 Consecutive : 
Patients Undergoing Percutaneous Transluminal 
Coronary Angioplasty 





Finding 





Changes in angioplasty segment 
Immediate 
Intraluminal haziness 
Smeoth-walled dilatation 
intimal flap or intramural split 
atid dissection 
No significant change in lesion 
Complete occlusion 
intraluminal thrombosis 
Coronary artery spasm 
Aneurysmal dilatation 
Coronary arterial rupture 
Delayed—-restenosis 
Changes remote from angioplasty segment 
Immediate 
Branch occlusion 
Distal embolization or embolic 
occlusion 
Coronary spasm 
Aneurysmal dilatation 
intimal flap. 
Del jayed-—-new, stenosis 


one patients had >1 chan nge.. 
Tin 18 of the 20 panen, the Balloon catheter could J not be assed 
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Changes in the Angioplasty Segment (Table I) 


These may be observed at the time of PTCA (imme- 
diate) or at a later restudy (delayed). 

Immediate: /ntraluminal haziness: Intraluminal 
haziness is a frequent angiographic finding in the dilated 
segment.’ Quantification and recognition of this hazi- 
ness may be difficult, owing to the inherent insensitivity 
of angiography. Pathologically, haziness has been at- 
tributed to dispersion of contrast medium down mul- 
tiple linear channels or fissures in the dilated segment. 
In addition, the presence of platelet thrombi or ragged 
denuded intima (or both) may have a role in producing 
this angiographic finding. Usually, this haziness dis- 
appears within a few weeks after dilatation. In Figure 
1, typical intraluminal haziness can be seen in the 
proximal left anterior descending artery after successful 
dilatation. 

Smooth-walled dilatation: In some patients, a 
smooth-walled arterial segment is seen after dilatation. 
This finding was noted in most of our cases (Table I, Fig. 
2). The significance of a smooth-walled dilatation with 
respect to the underlying changes in the vessel wall is 
unknown. It could reflect endothelial desquamation, 
compression of a soft atheroma, or stretching of a fi- 
brous plaque instead of intimal fissuring and splitting 
of an atheromatous plaque. Alternatively, the finding 
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FIGURE 1. Successful PTCA of a lesion in the proximal left 
anterior descending artery. Top left, predilatation angiogram. 
Top right, angiogram immediately after PTCA reveals pro- 
nounced haziness in the dilated lesion. Bottom, angiogram 
performed 2 weeks later reveals resolution of the haziness and 
a smooth-walled dilatation. 


of a smooth dilatation may relate to the inherent in- 
sensitivity of angiography in detecting small fissures. 
Depending on the underlying vessel wall changes, this 


smooth-walled response to dilatation may have signif- — 


icant implications for the eventual long-term outcome 
of coronary angioplasty, such as the likelihood of re- 
stenosis or remodeling. 

Intimal flap or intramural split and dissection: The 
production of an intimal flap or intramural split with 
balloon dilatation results from splitting and fragmen- 
tation of the atheromatous plaque.*!° In addition, 
dissecting hematomas of the outer media have been 
seen.‘ In our series, 22 patients had evidence of intimal 
dissection (Fig. 3). A graded angiographic classification 
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from intimal flap to true dissection with persistence of — 


contrast medium in the false channel has been devel- 
oped and is presently used by the National Heart, Lung, 
and Blood Institute (NHLBI) Registry. Some authors 
have concluded that intimal dissection with a small 
intimal flap should be expected and perhaps is a nec- 
essary part of successful PTCA.!! In these patients, 
subsequent retraction and remodeling along the fissure 
lines and intimal dissection may lead to stabilization or 
actual improvement of the dilated stenosis.!2 Other 
authors, however, have suggested that any actual dis- 
section may predispose to a higher rate of reste- 
nosis.!3 
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FIGURE 2. Successful PTCA in an occluded proximal left anterior descending artery. Left, preoperative angiogram. Right, immediate post-PTCA 


angiogram reveals no evidence of haziness or intimal flap. 


No significant change: The NHLBI Registry has 
defined unsuccessful PTCA as no change or an im- 
provement of <20% in the stenosis. In these patients, 
a firm fibrotic or calcified lesion in which the intima 
cannot be split may account for the lack of success. Once 
a stenosis has been crossed with the balloon catheter, 
failure of inflation to significantly decrease the stenosis 
is uncommon. Such failure has occurred in only 2 of our 
cases. This type of failure in patients undergoing balloon 
dilatation may become even less common in the future, 
with technical advances in catheter construction and 
less deforming balloons.!4 A more common reason for 
failure is the inability to intubate the coronary artery 
or to cross the stenosis with the balloon catheter. 

It is important to avoid technical errors that may 
result in a less than optimal dilatation. It is essential to 
ensure that the balloon catheter has crossed and strad- 
dled the lesion. A number of factors can be overlooked 
in this regard. During inflation, the balloon may recoil 
out of the stenosis or be propelled distally. Sometimes, 
it may also be difficult to determine whether the balloon 
catheter inflation is being performed in the correct 
vessel. Problems with this usually can be avoided by 
constant monitoring of pressure, meticulous observation 
of transstenotic gradient, multiple roentgenographic 
views to confirm position, injection of contrast medium 
through the balloon catheter tip, and high-quality flu- 
oroscopic monitoring of the balloon position during 
inflation. 

Clinical improvement may sometimes occur when the 
lesion has been crossed, but PTCA has been apparently 
unsuccessful. Engel et al! reported a case in which the 
stenotic site in the left anterior descending artery im- 
proved spontaneously after unsuccessful initial at- 
tempts at dilatation. This fascinating observation re- 
mains unexplained but is presumably related to the 
complex, poorly understood remodeling process. 

Complete occlusion: Complete occlusion is often 
associated with ischemic pain and electrocardiographic 
changes. It has been reported to be the most frequent 


indication for emergency coronary bypass surgery after 
attempted PTCA.!6 The Mayo Clinic series includes 7 
patients with complete occlusion during PTCA. 
Potential mechanisms include acute thrombosis, 
spasm, and dissection with luminal compression. 
Treatment varies, depending on the clinical setting. 
When occlusion occurs on initial passage of the dilating 
catheter into the coronary artery, dissection may be the 
most common finding. In these patients, prompt sur- 
gical intervention may be the best treatment course. 
Occasionally, occlusion occurs immediately after 
placement of the catheter across the stenotic site or after 
initial successful dilatation (Fig. 4). When this occurs, 
we attempt to reverse the occlusion by the use of in- 
tracoronary nitroglycerin and supplemental calcium 
antagonists. Acute occlusions have been redilated suc- 
cessfully. Therefore, when acute occlusion occurs as a 
complication of PTCA, additional consideration should 
be given to probing the occlusion with either a soft guide 
wire or the dilating catheter itself in an attempt to re- 
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FIGURE 3. Angiogram performed immediately after successful PTCA 
in the middle left anterior descending artery with a long intimal flap. 
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store flow and successfully complete the dilatation. Care 
must be taken, however, to avoid delaying prompt 
surgical intervention and reperfusion. 

Intraluminal thrombosis: At the site of dilatation, 
intraluminal thrombosis may occur, resulting in partial 
or complete occlusion. Potential mechanisms include 
(1) trauma to the endothelium and exposure of the in- 
tima, with subsequent platelet aggregation; (2) stasis 
from engaging the coronary ostia with a large guiding 
catheter or impacting the dilating catheter in a tight 
stenosis; and (3) stasis within the guiding catheter itself, 
with subsequent thrombus formation and embolization. 
In addition to anticoagulant treatment, other means of 
preventing platelet aggregation include the use of as- 
pirin and dipyridamole, low-molecular-weight dextran, 
and calcium-channel blockers.!7:!8 Despite the frequent 
use of these agents in PTCA, no controlled information 
exists. When intraluminal thrombus is recognized 
during dilatation, thrombolytic therapy can be 
helpful. 

Experimental investigators have long recognized the 
thrombogenic effect of intimal injury. After balloon 
inflation in canine coronary arteries and rabbit iliac 
arteries, there is immediate platelet aggregation and 


adhesion and fibrin deposition at the site of endothelial 
damage.®.”.9.19.20 Tt is not, therefore, surprising that 
thrombotic occlusion occasionally may complicate 
PTCA. 

Coronary artery spasm: Mechanical stimulation of 
the coronary artery either at the site of the stenosis or 
distal to the stenosis may precipitate coronary artery 
spasm during balloon dilatation. The mechanical effect 
of distention and catheter manipulation appears to be 
a potent stimulus for spasm which may persist beyond 
the actual angioplasty. Cowley et al!° reported that 21% 
of their patients had evidence of coronary artery spasm 
during the initial 48 hours after dilatation. Such spasm 
may occur despite the use of nitrates and calcium an- 
tagonists and may necessitate surgical myocardial re- 
vascularization. In our experience, 2 patients had spasm 
during balloon dilatation at the site of the stenosis. Each 
was treated with supplemental nitrates or calcium an- 
tagonists (or both), with resolution of the coronary 
spasm. However, suspected spasm with subsequent 
infarction, dysrhythmia, and even death has been re- 
ported from the NHLBI PTCA Registry.’ Spasm also 
may be 1 factor that influences the occurrence of re- 
stenosis. Scholl et al?! have noted that “variant angina” 





FIGURE 4. Top left, high-grade stenosis in the middle left anterior descending artery. Top right, initial improvement after PTCA. Bottom left, 15 
minutes later, the patient had chest pain and angiography documented occlusion of the left anterior descending artery. Bottom right, after that, 
the dilating catheter was passed across the occlusion and successful PTCA resulted. 
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is associated with an increased incidence of restenosis. 
To prevent spasm, many angiographers continue 
treatment with calcium antagonists after angioplasty 
` for from several days to 6 months. 

Aneurysmal dilatation: A mismatch in size between 
a balloon catheter and the arterial segment dilated may 
result in excessive, even aneurysmal, dilatation. This 
occurred in 1 patient from the inadvertent dilatation of 
a small but normal diagonal coronary artery. As dila- 
tation in more distal lesions of smaller arterial segments 
is attempted, aneurysmal changes may be seen more 
frequently. 

Experimentally, an important relation between the 
size of the stenotic segment and the expanded balloon 
has been defined.® If the balloon is significantly larger 
_ than the coronary artery to be dilated, more extensive 
focal intimal splitting is found microscopically. 

Coronary artery rupture: The ultimate extension of 
aneurysmal changes produced by excessive dilatation 
of a stenosis is frank rupture of the coronary artery. In 
_ a postmortem study, Lee et al8 documented coronary 
_ artery rupture from excessive balloon inflation. Dis- 
- secting hematomas have been documented after at- 
tempted PTCA.4 While such hematomas have the po- 
tential for rupture, to date this has not been noted 
clinically. 

Delayed: Restenosis: Restenosis occurs in 20 to 30% 
of successfully dilated segments, usually within 3 to 6 
months.?!,22 In the NHLBI PTCA Registry,?° reste- 
nosis was seen in approximately 30% of patients 
undergoing follow-up angiography. There were no 
clinical characteristics before dilatation which were 
associated with an increase in the frequency of reste- 
nosis. Scholl et al?! found, in a group of 11 patients with 
restenosis, that variant angina and eccentric or calcified 
- lesions had an increased incidence of restenosis. Re- 
stenosis is usually heralded by the recurrence of angina 
pectoris, although some patients continue to be 
asymptomatic.2! Whether this is a new lesion or an 
elastic-like recoil of the old one is not resolved. Fortu- 


ry 


nately, complete occlusion from restenosis seems rare. 
We have not yet observed an acute myocardial infarc- 
tion in a patient who has had restenosis. In patients with 
restenosis, redilatation usually can be performed suc- 
cessfully. 


Changes in a Coronary Artery Segment 
Remote From the Angioplasty Site 


Changes may be observed at the time of PTCA (im- 
mediate) or at later restudy (delayed). 

Immediate: At dilatation, angiographic changes may 
be seen in other segments of the arterial tree, either in 
a different branch or in a different segment in the same 
vessel undergoing angioplasty. These changes may re- 
sult from (1) inadvertent entry into a vessel other than 
the one in which dilatation is attempted, (2) close 
proximity of the branch vessel to the site of stenosis, and 
(3) downstream effects. These changes are more aptly 
considered complications of the procedure rather than 
planned consequences of the controlled injury by bal- 
loon inflation. 

Branch occlusion: Branch occlusion most commonly 
results when a branch vessel arises near the stenotic site 
being dilated. This is particularly likely when the 
branch vessel has a significant ostial stenosis. In this 
circumstance, dilatation may further compromise the 
branch vessel and may result in occlusion, with subse- 
quent infarction (Fig. 5). PTCA might best be avoided 
in such patients. However, where the branch vessel is 
small (for example, a small diseased diagonal arising in 
an area of stenosis in the left anterior descending ar- 
tery), the benefits of successful dilatation of the large 
parent vessel may outweigh the risk of an occlusion of 
the small branch. 

Distal embolization or embolic occlusion: An early 
concern with balloon dilatation was the potential for 
dislodging ragged atheromatous material, causing distal 
embolization. Although this has been reported, it is 
infrequent.!*:!© Recently, subsequent to our experience 





FIGURE 5. Left, predilatation angiogram documented a significant lesion in the mid-left anterior descending artery with involvement of a diagonal 
branch. Right, after successful PTCA, there is 100% occlusion of the diagonal branch, with retrograde filling. 
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with the first 100 patients, we had 1 patient in whom 
new, small filling defects were seen in the distal segment 
of the right coronary artery after successful dilatation 
of a mid-right coronary artery stenosis. Whether these 
represented embolization of thrombus adherent to an 
atherosclerotic lesion, atheromatous material itself, or 
thromboembolism from the guiding catheter is un- 
known. This patient subsequently had enzymatic and 
electrocardiographic documentation of a subendocar- 
dial infarction. 

Coronary spasm: As previously discussed, mechanical 
distention, overinflation, or catheter manipulation may 
result in coronary spasm at the site of stenosis. Simi- 
larly, spasm results if the dilating catheter is inadver- 
tently placed in a branch vessel or distal to the lesion. 
Distal spasm has been seen in 6 patients. Careful at- 
tention to catheter placement and inflation pressure, 
plus pretreatment with nitrates and calcium antago- 
nists, is currently the most effective method for avoiding 
spasm. 

Aneurysmal dilatation: Aneurysmal changes may 
occur in other segments of the arterial tree where dila- 


_ tation is inadvertently performed. Dilatation in a small 


diagonal vessel can result in aneurysmal changes in that 
vessel (Fig. 6). The long-term results of inadvertent 
dilatation in a nondiseased or minimally diseased cor- 


_ onary artery are as yet unknown but are potentially 
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adverse. Balloon dilatation has been used experimen- 
tally to produce focal atherosclerosis.24 Fallon” pointed 
out the irony that balloon dilatation is used to treat the 
atherosclerotic lesions that were originally produced 
experimentally by balloon inflation itself. 

Intimal flap: The intimal changes induced in seg- 
ments of the coronary artery not planned for dilatation 


have been variable and have ranged from intimal flaps _ 


to frank dissection of the coronary artery. These usually 


are consequences of unsuccessful attempts to intubate — 
the appropriate arterial segment. Figure 7 shows dis- __ 


section in the circumflex coronary artery in a patient 


with a significant stenosis of the left anterior descending 


artery. Entry into the left anterior descending artery 
was difficult, and during attempts to do so, the cir- 
cumflex artery was repeatedly entered, with subsequent 
intimal damage. Improvements in technology, improved 


patient selection, and increased operator experience w 
with the technique will likely reduce the incidence of 


these complications. 

Delayed: New stenosis: A new site of coronary artery 
stenosis remote from the angioplasty segment has been 
observed in 1 patient during follow-up angiography. We 
believe this reflects the natural history of the coronary 
artery disease; however, long-term evaluation must 
consider the possibility that new remote lesions may be 
related to previous dilatation. 








FIGURE 6. Top left, baseline angiogram in a patient with a high- 
grade stenosis of the left anterior descending artery and normal 
diagonal branch. Top right, inadvertent balloon inflation in the di- 
agonal branch resulted in a discrete aneurysm. Bottom, follow-up 
angiography at 6 months revealed mild restenosis of the left anterior 
descending artery and a persistent diagonal branch aneurysm. 
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' ff Í 
FIGURE 7. Left, baseline angiography in patient with a normal circumflex artery and severe stenosis of left anterior descending coronary artery. 
Right, during attempts to intubate the left anterior descending coronary artery, dissection of the circumflex artery occurred. 


Discussion 


PTCA has altered the way in which angiographers 
view the coronary arteries. More attention is now di- 
rected to the course of diseased and nondiseased seg- 
ments, as this may affect the procedure. PTCA also has 
modified the approach of many cardiologists in patients 
with symptomatic coronary artery disease. Recognition 
that the “controlled injury” produced by balloon in- 
flation may result in clinical improvement requires a 
radical departure from our previous understanding and 
has led to a reappraisal of our management strate- 
gies. 

The wide range of angiographic findings that result 
from coronary angioplasty correlates with the histo- 
pathologic findings.? These variable angiographic 
changes may be the result of catheter manipulation or 
balloon inflation itself. They may be seen both in the 
nondilated segment of the arterial tree and in the seg- 
ment undergoing dilatation, and as such they may be 
considered complications of the technique or simply a 
manifestation of the controlled injury. 

Proper recognition of the wide range of angiographic 
results is clinically important. This recognition depends 
on a high-quality x-ray imaging and recording system, 
as well as on obtaining properly angulated multiple 
views of all related arterial segments. After initial rec- 
ognition and classification, long-term follow-up of the 
different angiographic groups may yield more specific 
prognostic information as to the outcome of patients 
undergoing PTCA. An example of this is the significant 
problem of restenosis, which may occur in as many as 
30% of patients undergoing dilatation. At present, little 
information is available about the determinants of re- 
stenosis. Careful classification and follow-up of the di- 
verse angiographic patterns may yield information in 
this regard, as these patterns reflect in part the under- 
lying anatomic changes in the vessel wall.’ 








The angiographic classification proposed herein does 
not represent the complete or final statement on the 
issue. In fact, the terminology currently used—for ex- 
ample, dissection or intramural split—may undergo 
significant change. The classification is intended to 
portray some of the angiographic findings observed. 
Recognition and classification of these findings will 
become increasingly important in the evaluation of the 
long-term effects of PTCA and in developing new ap- 
proaches for avoiding adverse effects. In addition, in- 
tensive evaluation of the clinical experiment that PTCA 
represents eventually may advance our understanding 
of coronary atherosclerosis. 


References 


1. Griintzig AR, Senning A, Siegenthaler WE. Nonoperative dilatation of 
coronary-artery stenosis: percutaneous transluminal coronary angioplasty. 
N Engl J Med 1979;301:6 1-68. 

2. Vlietstra RE, Holmes DR Jr, Smith HC, Hartzler GO, Orszulak TA. Percu- 
taneous transluminal coronary angioplasty: initial Mayo Clinic experience. 
Mayo Clin Proc 1981;56:287-293. 

3. Kent KM, Bentivoglio LG, Block PC, Cowley MJ, Dorros G, Gosselin AJ, 
Griintzig A, Myler RK, Simpson J, Stertzer SH, Williams DO, Fisher L, 
Gillespie MJ, Mullin SM, Mock MB. Percutaneous transluminal coronary 
angioplasty: report from the Registry of the National Heart, Lung, and Blood 
Institute. Am J Cardiol 1982;49:201 1-2020. 

4. Block PC, Myler RK, Stertzer S, Fallon JT. Morphology after transluminal 
angioplasty in human beings. N Engl J Med 1981;305:382-385. 

5. Castaneda-Zuniga WR, Formanek A, Tadavarthy M, Edwards JE, Zolli- 
kofer C, Amplatz K. The mechanism of balloon angioplasty. Radiology 
1980; 135:565-571. 

6. Block PC, Fallon JT, Elmer D. Experimental angioplasty: lessons from the 
laboratory. AJR 1980;135:907-912. 

7. Block PC, Baughman KL, Pasternak RC, Fallon JT. Transluminal angio- 
plasty: correlation of morphologic and angiographic findings in an experi- 
mental model. Circulation 1980;61:778-785. 

8. Lee G, Ikeda RM, Joye JA, Bogren HG, DeMaria AN, Mason DT. Evaluation 
of transluminal angioplasty of chronic coronary artery stenosis: value and 
mtae assessed in fresh human cadaver hearts. Circulation 1980; 

:77-83. 

9. Weber VJ, Faxon DP, Haudenschild C, Gottsman SB, McGovern WA, Ryan 
TJ. Acute and chronic effects of transluminal angioplasty in experimental 
atherosclerosis (abstr). Am J Cardiol 1981;47:395. 

10. Freudenberg H, Wefing H, Lichtlen PR. Risks of transluminal coronary 
angioplasty: a postmortal study (abstr). Circulation 1978;58:Suppl Il:Il- 
80 


11. Dorros G, Spring DA. Healing of coronary artery intimal dissection after 
percutaneous transluminal angioplasty (abstr). Am J Cardiol 1980;45: 
423. 


é Tc. = Eire) of percutaneous trans- 

angioplasty: technique, patient selection, salutary results, 

ions and complications. ‘Am Heart J 198 1;101:272-280. 
Abele WE. Balloon catheters and transluminal dilatation: technical consid- 
tions. AJR 1980; 135:90 1-906. 

5. Engel H-J, Kaltenbach M, Kober G, Scherer D, Lichtlen PR. Spontaneous 

ression of coronary obstructions after transluminal dilatation (abstr). 

yn 1980;62: “Suppl Hi: k P, Bouras 


y coronary artery bypass 
ae PTCA Registry 


toe 4 platelet-inhibitor 
itor drugs (second of three 


19. Pasterna c, Baughman KL, Fall ni 
micrascopy following coronary transi 
tation catheter (abstr). Circulation 1978:58:Su 

20. Pasternak RC, Baughman KL, Fallon JT, Bloct mir 
microscopy atter coronary transluminal angioplasty of norm 

3 onary a oe AMJ carajol 1980; nf 591-598: 

1 


22. 


23. 








Ergonovine Provocation to Assess Efficacy of 
ong-Term Therapy With Calcium Antagonists in 
rinzmetal’ s Variant Angina 
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the patient with Prinzmetal’s variant angina, the 


mptomatically, electrocardiograph- 

cally (that is, by ambulatory electrocardiograph- 
> monitoring), or by response to ergonovine prov- 
ocation. Although some studies have suggested a 
good relation between anginal frequency and er- 
gonovine responsiveness in these patients, none has 





with the results of ergonovine provocation during the 
ong-term administration of calcium antagonists. 
Therefore, the present study was performed to 
mpare ergonovine responsiveness with both 
inical and ambulatory electrocardiographic activity 
in patients with Prinzmetal’s variant angina during 
jong-term therapy with placebo, verapamil, and ni- 
'edipine. Accordingly, 27 patients with variant an- 
gina (19 men and 8 women, mean age 52 years) 
ceived placebo and verapamil for 2 months each, 
after which 23 of the 27 also received nifedipine for 
2 months. All patients kept a diary of chest pains, 
and all had weeny 24-hour 2-channel ambulatory 





irgonovine maleate has been shown to induce coronary 
f erial spasm in patients with Prinzmetal’s variant 
a,!~* and calcium antagonists have been shown to 
ck such ergonovine-induced spasm.* Previous re- 





vine responsiveness and anginal frequency during 
th short-term” and long- term®9 treatment with 
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electrocardiographic (Holter) monitoring, from a 
which episodes of transient S-T segment deviation 
were quantitated. During the final week of therapy 
with each agent, ergonovine was administered, 
beginning at 0.025 mg and incrementally increasing _ 
to 0.20 mg. it was discontinued when the patienthad 
chest pain with S-T segment elevation 20.1mVor — __ 
received a total dose of 0.50 mg. Of the 74 tests,59 
were negative; 6 of the negative tests occurre 
during a treatment period in which the patient had 
>10 chest pains/week and >25 episodes of S-T | 
segment deviation/week. Of the 15 positive tests, 
8 became positive during administration of <0.2 
mg ergonovine; 5 of the positive tests occur 
during a treatment period in which the patient ad 
no chest pain or S-T segment deviation, Thus, in 
patients with variant angina, disease activity cannot 
be monitored reliably by ergonovine provocati 
because some patients have negative ergono 
tests ata time of marked clinical and elect 
diographic activity, whereas others have 
tests at a time of little (or no) disease act sity 




































calcium antagonists. These same studies? u se 
novine provocation asa means of detecting 





drome. 

Several studies have shown that patien 
angina have electrocardiographic evidens 
more frequently than they have angina." 
patient with this disease may demonstr 
episodes of transient S-T segment devia 
all) of which are not accompanied by chest; p: 
persons, ambulatory electrocardiographi 
monitoring. is geire to ascertain that th 


1inistration of placebo, verapamil, and nifedipine. In 
so doing, we attempted to address the following ques- 
tions; (1) Is the response to ergonovine provocation 
closely linked to other reflectors of disease activity, such 
ginal frequency and ambulatory electrocardio- 
aphic evidence of ischemia, or, alternatively, (2) is 
yonovine responsiveness independent of the symp- 
omatic and electrocardiographic markers of disease 


Methods 


- Patient group: The study group consisted of 27 consecutive 
atients (19 men and 8 women, average age 52 years, range 33 
t 62) with Prinzmetal’s variant angina. All had angina at rest 

_ in association with transient S-T segment elevation (20.2 mV) 
a standard 12-lead electrocardiogram. In addition, ergo- 
ne maleate was administered at the time of initial evalu- 
on in 21 of the 27 patients (such provocation was not per- 
ormed in the remaining 6 because of concern over the pres- 
ce of severe obstructive coronary artery disease). Of these 
patients, ergonovine caused typical angina and S-T seg- 
televation 20.2 mV in 20. Simultaneous coronary angi- 
phy. was performed in 16, demonstrating focal coronary 
rterial spasm in all. Cardiac catheterization with selective 
coronary arteriography was performed in 26: 10 had ob- 
ictive coronary artery disease (defined as 270% luminal 
iameter narrowing), whereas the remaining 16 had minimal 
no coronary artery disease. The criteria for exclusion from 
he study have been described previously.!! 
_ Study design: After a diagnosis of variant angina was made, 
inf med consent was obtained, and each patient was given 
-label verapamil for 1 month, during which the maximal 
lose of verapamil that did not cause intolerable adverse effects 
vas determined. Subsequently, each patient was randomly 
igned to 1 of 2 groups for the next 8 months of the study: 
-2-month blocks, with each patient receiving either pla- 
érapamil-placebo-verapamil or verapamil-placebo- 
il-placebo. During this part of the study, neither the 
ns hor the patients knew which agent was being ad- 


rt the 8 months of blinded therapy, 23 patients agreed 
e nifedipine (as an “open-label” medication) for 2 
nths. Both verapamil and nifedipine were adminis- 
in doses that afforded maximal relief of angina without 
ffects. 
iables analyzed: Clinical and electricardiographic 
o: therapy: During the entire study period, each 
intained a written diary of anginal episodes. In 
n, each patient had weekly calibrated 2-channel am- 
y electrocardiographic monitoring for 24 hours, as 
isly described.!!? Transient S-T segment deviations 
e were said to be present if S-T segment. depres- 
ation 21 mm (0.1 mV) was present for 21 min- 
T segment depression and elevation were uti- 
trocardiographic evidence of coronary arterial 
e patients with variant angina often demonstrate 
therapy with calcium antagonists.!9!! A period 
minutes of baseline S-T segment morphology was 
etween episodes in order for these episodes to be 
red separate. For each 24-hour tape, the number of 
n pisodes of S-T segment deviation was quanti- 


Ov e de 3 and 4,25 During ti the final week of blinded 


refused. Sutbequently. all 23 patients who Fedeived: fec 
had ergonovine testing during the final week of that tre 
period. Thus, during therapy with placebo, verapami 
nifedipine, 74 ergonovine tests were performed. All test: 
done between 10 A.M. and 12 P.M.; they were begun 
hours after a regularly scheduled dose of study medication a 


or other cardioactive medications nites is, atropine, adre! 
or antiadrenergic agents, or antihistamines) were ad 
tered. ; 
After a baseline 12-lead electrocardiogram a 
pressure were recorded, each patient received in 
ergonovine maleate every 3 minutes according to the 
schedule: 0.025 mg X4 (cumulative dose, 0.10 mg); 
(cumulative dose, 0.20 mg); 0.10 mg X1 (cumulative 
mg); and 0.20 mg X1 (cumulative dose, 0.50 mg). 
intravenous injection, the patient was questione 
pain or other symptoms, and a 12-lead electrocardiogram w 
recorded. Ergonovine administration was discontinued wh 
one of the following occurred: (1) chest pain in associ 
electrocardiographic evidence of ischemia (20.1 m 
segment elevation), or (2) administration of a cumulative do 
of 0.50 mg. All patients with a positive test had ches pa 
coincident with S-T segment elevation. 
Data analysis: First, each variable (anginal episodes d 
S-T segment deviations) was quantitated during the latte! 
oni of blinded therapy (2 months placebo, 2 monti 
verapamil) and the 2 months of nifedipine therapy, an 
average value for each variable during each 2-month pe 
was compared with the results of a prev cation 


the ergonovine test results. a these same drole 

is, clinical and electrocardiographic activity compare 
ergonovine test results) were examined only in the 16 perso 
who did not have ee obstructive coronary arter ydi 


both Alare o and S- T ae deviations the per- 
centage of patients with substantial disease activity (d 
as >10 epee of aana eek and >25 episode 


centage of patients with marked disease activity ‘during 
period associated with a positive ergonovine test using a 
square analysis. 14,16 

In comparing the. frequency of angina and S-T segme) 
deviations in the 3 treatment. periods, a repeated measu 
analysis of variance was performed. All values are report 
as mean +1 standard deviation. A p value $0.05 was con 
ered significant. 


Results 


The 27 patients enrolled in the long-term co 
of placebo and verapamil received 450 + 83 
verapamil, and the 23 patients who subsequently 
ceived nifedipine averaged 71 + 24 mg/day, bot a 
ministered in 3 to 4 divided doses. oe 
Clinical and electrocardiographic. re 


nifedipine reduced the frequency of angi ı and 
sient S-T segment deviations (Table D; 
Ergonovine provocation: F ort ef 










































TABLE! « i- Clinical and Electrocardiographie Response to 





Therapy 
Anginal S-T Segment 
Episodes/Week Deviations/Week 
; Placebo 9.3 + 23.4 21.7 + 32.7 
“Verapamil 2.7 + 3.6* 4.6 + 8.3" 
‘Nifedipine 1.9 + 2.9° 5.4 + 10.1* 


“*-p <0.05 in comparison with placebo. 
All values are mean + standard deviation. 


not significant [NS] compared with placebo), and 4 
‘positive tests during nifedipine (NS compared with 
placebo and verapamil). 

Disease activity during the entire 2-month treat- 
ment period versus ergonovine responsiveness: Figure 
_1 shows the relation between anginal episodes and S-T 
gment deviations for each 2-month treatment period 
nd the results of ergonovine provocation during the 
final week of each treatment period. Of the 59 negative 
-ergonovine tests, 6 (10%) were performed during periods 
n which the patient was having >10 episodes-of chest 
ain/week and >25 episodes of S-T segment devia- 
tion/week. Of the 15 positive tests, 2 (13%) were done 
uring periods in which the patient noted >10 episodes 
of chest pain/week (NS) and 4 (27%) during periods in 
which the patient was having >25 episodes of S-T seg- 
‘ment deviation/week (NS). 
< Disease activity versus ergonovine responsiveness 
n close temporal proximity to one another: Figure 2 
shows the relation between anginal episodes and S-T 
segment deviations during the 7 days in closest prox- 
imity to ergonovine provocation and the results of each 
ergonovine test. Of the 59 negative ergonovine tests, 6 
(10%) were performed during a week when the patient 
had >10 episodes of chest pain, and 5 (8%) were done 
_during a week when the patient had >25 episodes of S-T 
‘segment deviation. Of the 15 positive tests, 3 (20%) were 
done during a week in which the patient had >10 epi- 
sodes of chest pain (NS) and 4 (27%) during a week in 
which the patient had >25 episodes of S-T segment 
deviation (NS). 

. Disease activity versus ergonovine responsiveness 
in the 6 patients with positive ergonovine tests during 
placebo therapy: For the 6 patients. who had a positive 
rgonovine test during placebo therapy, the relation 
between ergonovine responsiveness and disease activity 
‘assessed during both the entire 2-month treatment 

‘iod.as well as the 7 days in closest temporal prox- 
to.ergonovine provocation) was similar to that 
escribed for all 27 patients. In this subset of patients, 
rgonovine provocation was sometimes negative during 
period of marked symptomatic or electrocardiographic 
ctivity, and, conversely, ergonovine testing was often 
markedly positive during a period of little or no disease 
activity. 











16 did not have significant, obstructive coro 





Disease activity versus ergonovine responsiveness 
in patients without significant obstructive coronary os 
artery disease: Of the 27 patients the present study, 


disease. T these patients, chest pain and S-T said a 
deviations are almost always caused by coronary arterial 
spasm. For these 16, 36 ergonovine tests were negative, 
and 12 were positive. Of the 36 negative tests, 3 (8%) — 
were performed during a week when the patient had “| 
>10 episodes of chest pain and 2 (6%) were performed; 
during a week in which the patient had >25 episodes of. 
S-T segment deviation. Of the 12 positive tests, 2 (17%) | 
were done during a week in which the patient had >10 
episodes of angina (NS) and 3 (25%) were done during 

a week in which the patient had >25 episodes of S-T 
segment deviation (NS). 


Discussion 


Ergonovine maleate has been shown to induce coro- 
nary arterial spasm in certain patients with Prinzmetal’s 
variant angina,'-° and calcium antagonists have beeni. 
shown to block ergonovine-induced spasm.*> Over the 
past few years, several studies utilized ergonovine. _ 
provocation to assess the adequacy of as well as the need 
for continued medical therapy in patients with this. 
disease. First, Theroux,° Waters,’ and their co-workers _, 
demonstrated an excellent relation between the results 
of ergonovine provocation and the short-term (2 day) © 
clinical response to therapy with calcium antagonists, 
and similar findings were reported using methergine (an 
ergot alkaloid similar to ergonovine maleate)? and hy- 
perventilation.!6 Second, Waters et al’ showed that 
ergonovine testing within several days of the initiation 
of calcium antagonist therapy can be used reliably to. 
predict the long-term (1 to 15 month) response to such 
therapy. Third, these same investigators® suggested that 
some patients with variant angina who are pain-fr 
during long periods of treatment may not require in- 
definite therapy; ergonovine provocation appears to be 
a good method of evaluating the status of the disease 
process in these patients. 

In contrast to these reports, the present study dem 
onstrates no relation between the results of ergonovine 
provocation and disease activity, as assessed during 
both the entire 2-month treatment period prec 
such ergonovine testing (Fig. 1) as well as the 7 days i 


















clinical and electrocardiographic evidence of marl e 
disease an occurred with similar frequents: duri 
















an 1 ad 2). This was true for all 27 patien \ 
as for the 16 patients without significant obstruc 
coronary artery disease, a group in which chest n 
S-T segment deviations are almost always ca’ 
coronary arterial spasm. Thus, the results of ergor 
provocation during long-term therapy with vera 
and nifedipine bear no relation to the clini 
Sanpete ality response to therapy. _ : 





and aactmandicenpbie svidenes of disease activit 
ina group of patiente with Prinzmetal’ $ variant ¢ 







—is lower than that etoplóyed by Waters, Theroux,’ given, ‘the data of Waters Theroux, and ir 
| their associates, but this difference cannot explain demonstrate that virtually all clinically active patien 
the discrepancy i in results between the present study have a positive response before receiving a total of 
these previous reports. On the one extreme, several mg of ergonovine. Thus, the poor relation between 
tients had positive ergonovine tests at small dosages clinical activity and the results of ergonovine provoc 
uring periods of little or no clinical or electrocardio- tion cannot be explained entirely by differences in e 
aphic activity (Fig. 1 and 2); this poor relation cannot gonovine doses. Similarly, before enrollment 
ined by differences in ergonovine dosages. study, these patients had sufficient. coronar 
th ther. extreme, several other patients had nega- spasm to justify. a diagnosis of variant an 
ve ergonovine tests during periods of marked clini- chest pain at rest in association with re 
i electrocardiographic. activity. Because the cumu- segment elevation, and 20 of the 21 giv 
ative dose of ergonovine given in the present study had a positive response. It appears unlikel 
(0.50 mg) exceeds that in most available re- patient group was in any way atypical or diffe 
: ports,}-36.17-20 it is unlikely that the negativity of these those described by other investigators. For re: 
sts can be attributed to an insufficient dose of ergo- are unclear at present, therefore, ergonovine 
10vine. Although it is possible that some of them would siveness appears completely independent 
ave become positive if more ergonovine had been symptomatic and electrocardiographic marke 
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etween electrocardiographic evidence of dis- 
vity, shown as S-T segment deviations/week 
entire 2-month treatment period with each 

the results of ergonovine testing (performed 

| week Of the treatment period). Note that 


ST SEGMENT DEVIATIONS / WEEK 


| f tet al T . 
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t ergonovine tests that were positive : . ere 
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vanel, relation between clinical evi- 

activity, displayed as chest pains/ 

week in closest proximity to ergo- 
provocation), and the results of ergonovine 
tight panel, relation between electrocar- 
idence of disease activity, shown as S-T 
s/week (during the week in closest 
onovine administration), and the re- 

ovine ‘ovocation. Note that several 
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ease activity in this group of patients with Prinzmetal’s 
variant angina. Do 
All the ergonovine tests in the present study were 
lone under close clinical and electrocardiographic 
crutiny, but selective coronary arteriography was not 
performed during ergonovine administration. Although 
he relation between ergonovine responsiveness and 
s0th clinical and electrocardiographic activity is poor, 
hat between ergonovine responsiveness and the results 





coronary arteriography might conceivably be better. 


ecause coronary arteriography was not performed 
ring each ergonovine provocation, we cannot com- 
ent on this relation. 
In the present study, 74 ergonovine tests were per- 
ormed without complications during clinical and 
lectrocardiographic monitoring in patients both with 
and without obstructive coronary artery disease. Al- 
though previous reports”? emphasized the potentially 
serious side effects of ergonovine administration, such 
eactions can be minimized if the initial doses of ergo- 
1ovinė are sufficiently small and separated temporally 
rom one another. Specifically, the ergonovine provo- 
‘ation described in the present study is initiated with 
t doses of 0.025 mg each, administered 3 minutes apart. 
ubsequently, the ergonovine dose is gradually. in- 
reased, so that a final dose of 0.20 mg is given only after 
he patient has not responded to smaller amounts. 
Conclusion: This study demonstrates no relation 
yetween ergonovine responsiveness and clinical or 
lectrocardiographic evidence of disease activity in 
atients with Prinzmetal’s variant angina during 
ong-term therapy with calcium antagonists. These data 
ggest that disease activity cannot be monitored reli- 
ibly by ergonovine provocation because some patients 
lave negative ergonovine tests at a time of marked 
linical. and electrocardiographic activity, whereas 
thers have positive tests at a time of little (or no) dis- 
ase activity. In patients with variant angina, anginal 
requency and ambulatory electrocardiographic mon- 
toring are preferable to ergonovine provocation in al- 
owing an accurate assessment of disease activity. 
Acknowledgment: We are indebted to B. J. Erck, S. B: 
rown, J. R. Cary, and K. Lancaster for their technical as- 
istance and J. Alexander for secretarial help. 
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Potent coronary vasodilation with a 
distinctive hemodynamic profile 
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INCREASES EXERCISE TOLERANCE, 
REDUCES ANGINAL FREQUENCY WITH 
A LOW INCIDENCE OF SIDE EFFECTS 


CARDIZEM™ (diltiazem HCl) produces changes in cardio- 
vascular hemodynamics and coronary blood flow that are 
of benefit in myocardial ischemia. 


These changes provide effective therapy with a low incidence 
of side effects. 


Indications 

(1) Cardizem is indicated in the treatment of angina pectoris 
due to coronary artery spasm. 

(2) Cardizem is indicated in the management of chronic 
stable angina (classic effort-associated angina) in patients 
who cannot tolerate therapy with beta-blockers and/or 
nitrates or who remain symptomatic despite adequate 
doses of these agents. 


ANTIANGINAL MECHANISM OF ACTION 
e Produces relaxation of coronary vascular smooth muscle 


è Dilates both large and small coronary arteries at drug 
levels that cause little or no negative inotropic effect 


è Produces dose-dependent decreases in peripheral 
resistance 


è Resting heart rate is usually unchanged or slightly reduced 


Reduces the pressure/rate product for any given work 
load in patients with effort-associated angina 


© 1983, Marion Laboratories, Inc. 


. dis i ctive profile of effects a 


)Vaseularsmooth-muscle relaxationwith (6) Little or no negative K effect at 
_ apotent effect on the coronary arteries: recommended doses while providing a _ 
) Mild effect on afterload reduction. A peg inhibition of coronary ARIER 
3) in normotensive patients at rest, a 
recommended dosage levels producing function in patients with reduced left 
oronary vasodilation result in only a venti cular ejection fraction? 
mild reduction in diastolic blood 
` pressure and no change in heart rate. (8) Increases ejection fraction at both 
submaximal and maximal exercise. 
Exercise ejection fraction is espe- on 
cially increased in patients with poor 
ventricular function? 


(7) A positive effect on left ventricular 


2 At submaximal exercise, it causes a 
reduction i in heart rate and mean blood 
pressure compared with placebo, thus 
reducing myocardial oxygen demand 
and permitting patients to exercise While Cardizem tends to prolong 

_. significantly longer. AV conduction} only rarely has there 

been an increase in PR intervals 

: ) Increases coronary blood flow. outside of normal limits. 


‘See Contraindications and Warnings. 


‘CARDIZEM™ (diltiazem HCI) tends 
to normalize stress-induced increases in 
- pulmonary capillary pressure (PCP) 


Be : (n=8) (n=7) 
ardizem was evaluated on AEE wot canbe Gis Bk 
tom-limited upright exercise normal range at maximal exer. 
patients with effort angina? | (pianist onsite 
diltiazem (Group 1). Patients 
with markedly elevated con- 
trol PCPs at maximal exercise 
: (>16 mm Hg) showed dra- 
“E matie reductions in these => = 
values following diltiazem os 
(Group H). 7 


thal 9, Ginsburg amb IH, set al: Efficacy of 
for control of symptoms of coronary arterial 
nJ Cardiol 46:1027-1032, 1980. 
Takeda P Lee G, et al: Effects of diltiazem-induced 
blockade upon exercise capacity in effort angina 
“en aaa Am Heart J 


le JL, Bray BE, et al: Comparative 
tiazem; lol and 


onuclide Prr nat 0 . 
Associ: meeting, 2 Z 
can d Gadaian oo 22, ing, Dallas, TX, Nov 1982: Control i Post Control i Post 
B e RA, Ri JB, et ak: Divergent Diltiazem Diltiazem 
azem in patients with exertional angina. CHANGE IN FILLING PRESSURE 
Cadet 3953 538- 746, 1982. AT MAXIMAL EXERCISE! ... 


Mean Pulmonary Capillary Pressure (mm Hg) 
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EXCELLENT CLINICAL RESPONSE TO 
CARDIZEM™ (diltiazem HCl) IN THE 
MATACEMEIT OF CLA. `. ‘IC EFFORT ATCA 


CARDIZEM™ (diltiazem HCl) allows angina patients to 
significantly prolong exercise tolerance, even in demanding 
Bruce protocol exercise tests’ (n=15)* 


before onset of 1 mm ST-segment 


before onset of pain’ depression$ 


Cardizem patients exercised longer A Cardizem patients exercised longer 





amie TO ONSET OF pain i 3 j lesan mm eieccuenr DEPRESSION 
EE Control patients averaged 8.0 min. J| Cardizem patients averaged 9.8 min. [E Control patients averaged 7.8 min. JE] Cardizem patients averaged 9.1 min. 
Protocol: CARDIZEM™ (diltiazem HCl) 
A Bruce protocol with a run-in produced marked angina 
stage was used. Each stage lasts improvement in multicenter 
three minutes. study® 


Succeeding stages represent such an 
increase in speed and slant of the 
treadmill that each minute spent in 
a succeeding stage represents a 
highly significant increase in meta- 
bolic equivalents (METS). For exam- 
ple, METS expenditure in run-in 
stage of the protocol (0 to 3 min) 

is 1.5. METS expenditure of stage 1 
(3 to 6 min) is 4.0. Stage 2 (6 to 

9 min) expenditure is 6.5, and 

stage 3 (9 to 12 min) is 10. 

The study*® was double-blind, 
randomized, triple cross-over 
comparing diltiazem with placebo, 
lasting 7 weeks. 


e 27% increase in time to onset of 
pain 

e 30% increase in time to ST- 
segment depression 


MINUTES 


’ 3 TIME TO ONSET OF PAIN TIME TO 1mm 
5. rool PE, Seagren SC, Bonanno JA, et al: The ioaren ST-SEGMENT DEPRESSION 
of exercise-inducible chronic stable angina with diltiazem: y 
Effect on treadmill exercise. Chest 78(July suppl): ZA BASELINE PLACEBO 
234-238, 1980. 
6. Hossack KE Pool PE, Steele P et al: Efficacy of diltiazem 
in angina on effort: A multicenter trial. Am J Cardiol 


49:507-572, 1982. RESULTS OF 57 PATIENTS 
EVALUATED IN A MULTICENTER STUDY? 
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*This study is a report from one center in a multicenter study. 
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CARDIZEM" (diltiazem HCl) PRODUCED 
SIGNIFICANT DECREASE IN EFFORT ANGINA 
ATTACKS COMPARED WITH PLACEBO IN 
63-PATIENT DIARY STUDY’ 


Cardizem therapy resulted in a mean reduction of 5.3 attacks per 
week during weeks 7 and 8, compared with a mean reduction 
with placebo of 2.0 attacks per week. 


During weeks 9 and 10, Cardizem therapy resulted in a mean 
reduction of approximately 5.9 attacks per week compared with 
a mean reduction of 2.5 attacks per week with placebo. 





41% TO 68% REDUCTION JÀ Placebo 
IN FREQUENCY OF N 
PRINZMETAĽS VARIANT = 
ANGINA ATTACKS 
WITH CARDIZEM ™ 
(diltiazem HCI) ® 


Mean attack rate during 120-mg/day 
dosage period was reduced 41% 
from baseline period. In 240-mg/day 
phase, decrease with Cardizem was 
68%. This shows a positive dose- 
related response. 
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75% reduction in attack rate 





reported in 13-patient, cross-over, Placebo 120 mg/day Placebo 240 mg/day 
placebo-controlled study! Means 1.968 1.161 1.968 0.624 

y 3 (SD) (2.430) (2.417) (2.430) (1.399) 
71% reduction in attack rate P.005 P.Ot 
reported in 11-patient, cross-over, 
placebo-controlled study? 


7. Strauss WE, McIntyre KM, Parisi AF et al: Safety and 
efficacy of diltiazem hydrochloride for the treatment of 
stable angina pectoris: Report of a cooperative clinical 
trial. Am J Cardiol 49:560-566, 1982. 

8. Schroeder JS, Feldman RL, Giles TD, et al: Multiclinic 
controlled trial of diltiazem for Prinzmetal’s angina. 

Am J Med 72:227-232, 1982. 

9. Pepine CJ, Feldman RL, Whittle J, et al: Effect of diltiazem 
in patients with variant angina: A randomized double- 
blind trial. Am Heart J 101:719-725, 1981. 
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LOW INCIDENCE OF SIDE EFFECTS WITH 
CARDIZEM™ (diltiazem HCl) 


In placebo-controlled trials conducted in the United States, the 
incidence of adverse reactions reported during Cardizem therapy 
was not greater than that reported during placebo therapy. 


Those adverse reactions reported most frequently with CARDIZEM™ 
(diltiazem HCl) have been: 


OINOUNORY Sr EET Ao ale bean ae aes 2.7% 
e- Swelling/edemMam atn i ois ten aed 4 2.4% 
OAPI VEM eel Pan keg oa gc Since etek Poe 2.0% 
Headaches sar cui EA faker eee 2.0% 
© Rep a A ea ieee Rate eA, CAS aah tie gia ale aie 1.8% 
© PAMBME AAE A Dake unghie ues ean Magy aoe 1.1% 


In many cases, the relationship to Cardizem 
has not been established. 


Other reactions infrequently reported (<1.0%) during supervised trials were: 


© Cardiovascular: Flushing, congestive heart failure, bradycardia, hypoten- 
sion, syncope, pounding heart 


® Central Nervous System: Drowsiness, dizziness, lightheadedness, nervous- 
ness, depression, weakness, insomnia, confusion, hallucinations 


® Gastrointestinal: Vomiting, diarrhea, gastric upset, constipation, 
indigestion, pyrosis 
®@ Dermatologic: Pruritus, petechiae, urticaria 


® Other: Photosensitivity, nocturia, thirst, paresthesias, polyuria, 
osteoarticular pain 


Of those adverse reactions reported, the most severe were: 

A patient with Prinzmetal’s angina experiencing episodes of vasospastic angina 
developed periods of transient asymptomatic asystole approximately five 
hours after receiving a single 60-mg dose of Cardizem. 


Experience in 959 patients taking oral doses of Cardizem resulted in three 
cases (0.31% ) of second-degree AV block and one case (0.10% ) of third-degree 
AV block at doses of 240 to 360 mg daily. 


In rare instances, mild to moderate transient elevations of alkaline phosphatase, 
SGOT, SGPT, LDH, and CPK have been noted during Cardizem therapy. A single 
incident of markedly elevated liver enzymes associated with symptoms was 
reported in a patient taking 360 mg per day for four days. Drug was discon- 
tinued and enzymes normalized within 1 week. 
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DESCRIPTION: 
CARDIZEM™ (diltiazem hydrochloride) is a cacam fon influx 
Pt ‘(slow channel blocker or calcium antagonist). Ci 
azem: hydrochloride is 1,5-Benzothiazepin-4(5H)one, ah -{acetyl- 
owe (2: (dimethylaminojethyt|- -2,3-dihydro-2-(4-methoxypheny))-, 
monohydrachioride (+) -cis-. The chemical structure is: 


Cex 
| 


hydrochloride is a white to off-white crystalline powder 
‘bitter taste. It is soluble in water, methanol, and chloroform. 
molecular weight of 450.98. Each tablet of CARDIZEM con- 
tg diltiazem for oral administration. 





tains either 30 mg or 


CLINICAL PHARMACOLOGY - 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions during 
membrane depolarization of cardiac and gels smooth muscle.. 

Pierermeioa of Action. 


Although. pri of it 
jal actions are still being delineated, Ci CARDIZEM is believed 


o Coronary Artery Spasm: CARDIZEM has been 
` shown to be a potent ditator of coronary arteries: oth 
Py and subendocardial. 
onary artery ‘spasm are inhibited by GAR th 
2. exertional J pit ag CARDIZEM has been shown-to produce 
; inereases in exercise tolerance brobabiy due to its ability to 
K xygen demand. This is accomplished via 
:: eductions in heart rate. and systemic blood pressure at sub- 
maximal and maximal exercise work loads. 
- {n-animal models, diltiazem interferes with the slow inward 
(depolarizing) punent AA excitable tissue. it causes excitation- 


ancoupling yocardial ti 
in the configuration of the action potential. Diltiazem produces 
relaxation of coronary vascular smooth muscle and dilation of both 
Jase and small coronary arteries at drug levels which cause little 
OF no negative inotropic effect. The resultant increases in coronary 
epicardial and subendocardial) occur in ischemic and 
‘ponischemic mod Models and are accompanied by dose-dependent 
-decreases in systemic blood pressure and.decreases in peripheral 


-Hemodynamic and Electrophysiologic Effects. Like other 
‘patel antagonists, diltiazem decreases sinoatrial and atrio- 
ventricular conduction in isolated ti and 


negative inotropic 

effect in isolated preparations. In the intact animal, prolongation of 
the AH interval can be. sean-at higher doses. 

= in man, diltiazem prevents spontaneous and ergonovine-provoked 

coronary artery spasm. It causes a decrease in peripheral vascular 

. yesistance and a modest fall in blood pressure and, in exercise 

tolerance studies in patients with ischemic heart disease, reduces 

heart rate/blood pressure product for any given work load. Studies 

~ fo date: primarily in patients with good ventricular function, have 

“nol Tevealed ager of a negative bia effect; cardiac output, 


x io act Wn the flow 


feduce myocardial o: 
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oral doses of 300 mg of 
average maximum PR pro- 
n was 14% with no instances of greater than first-degree 
V block. Diltiazem-associated prolongation of the AH interval is 
more seep in patients with first-degree heart block. In 
del ome, diltiazem significantly prolongs 

some cases). 


tg Jn a study involvi 
EM in:six normal voluntats rge 





to an extensive first-pass effect, giving 

ty (compared oa intravenous dosing) of about 40%. 
e: hepatic metabolism in which 2% 

the urine. In vitro binding 

80% bound to plasma proteins. 

s a n have alaa shown CARDEN 
apeutic concentrations o 

pa pane Porat salicylic acid, 
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AND USAGI 
-Pectoris Due to Coronary Artery Spasm, 
ZEM is indicated in the treatment of angina jects 
y artery, spasm, CARDIZEM has been: ‘Shown 





a). OMEN isi 
stable angina in patients who cannot en iret with 
beta-blockers ‘anor nitrates or whe remiain symptomatic 
despite adequate doses of these agents. CARDIZEM has been 
effective in short-term controlled trials in reducing angina 
frequency and increasing exercise tolerance, but confirmation 
of sustained effectiveness is incomplete. 

There are no controlied studies of the effectiveness of the con- 
Comitant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or con- 
duction abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pace- 
maker, (2) patients with second- or third-degree AV black, and (3) 
patients with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome} or second: or third-degree 
AV block (4 of 959 patients for 0.42%), Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg diltiazem. 

2. Congestive Heart Fallure. Although diltiazem has a nega- 
tive inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular func- 
tion have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt), Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular function is very limited. 
Caution should be exercised when using the drug in such 
patients. 

3. ansion. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result: in symptomatic 
hypotension. 

4, Acute Hepatic injury. There has been a single report in a 
patient receiving 120 mg of diltiazem Lid. af marked transaminase 
elevation (SGOT 4: SGPT 2300) accompanied by hyper- 
bilirubinemia (to 3 mg%}, occurring after four days of treatment. 
The enzyme abnormalities resolved entirely, and enzymes were 
nearly normal a week after cessation of treatment. No rechal- 
lenge was carried out, but the patient had no evidence of viral 
hepatitis and received no other drugs but isosorbide dinitrate. 

No other similar liver injury has been reported. in clinical 
trials, but marketing experience in Europe Nas resulted in a 
rechallenge-confirmed instance of hepatocellular injury. How- 
ever, it should be noted that there have been further episodes 
of raised transaminases in the absence of diltiazem in this 
patient, so that the relationship to diltiazem of the abnormalities 
is not completely clear. Other instances of transaminase eleva- 
tion have been reported in Europe, but their relationship to 
drug is uncertain. 


PRECAUTIONS 
General. CARDIZEM is extensively metabolized by the liver and 
excreted by the kidneys and in bile. As with any new drug given over 
prolonged periods, laboratory parameters should be monitored at 
regular intervals. The drug should be used with caution in patients 
with impaired renal or hepatic function. In subacute and chronic dog 
and rat studies designed to produce toxicity, Han doses of diltiazem 
were associated with hepatic damage. in special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver which were reversible when 
the drug was discontinued, In dogs, doses of 20 mg/kg were also 
associated with hepatic changes, however, these changes were 
reversible with continued dosing. 
interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
nies ane. or digitalis concomitantly with CARDIZEM. (See 


Uncontrolled domestic studies suggest that concomitant use of 
CARDIZEM and beta-blockers or digitalis is usually well tolerated. 
Available data are not sufficient, however, to predict the effects of 
concomitant treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities; the effect of diltiazem 
on serum digoxin tevels has not been examined. The safety of the. 
combination of CARDIZEM and beta-blockers ar digitalis is cur 
rently being investigated in well-controlled studies. 

, Mutagenesis, impairment of Fertility. A 
24-month study in fats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 


in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses r: 
from five to ten times greater (on a mg/kg basis) than the 
recommended therapeutic dose has resulted in embryo and fetal 
lethality, These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 
times the human dose or greater. 

There are no well-controlled studies in pregnant women, there- 
fore, use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Mothers. it is not known whether this drug is excreted 
in human mitk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered toa- nursing 
woman if the drug's benefits are thought to aulnea its potential 
risks in this situation. i 

Pediatric Use, Safety and effectiveness in children have not 
been established. Nabe Eo pores 
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. Experience with an added beta-biock 


In domestic: placebo-controlied trials, the incidence at adverse 
reactions reported during CARDIZEM therapy was not greater than: 
that reported during placebo therapy. K 

in addition, the following have been reported infrequently j 
represent occurrences which can be at least reasonably associated 
with the pharmacology of calcium influx inhibition. In. many case: 
the relationship to CARDIZEM has not been established. The most: 
common occurences, as well as their frequency of presentation, 
are nausea (2.7%), swelling/edema (2.4%), arrhythmia: (2.0% 
headache (2.0%), rash (1.8%), and fatigue (1 1%). in addition, the: 
following events were reported infrequently (<1.0%), The order of 
presentation conesponds to the relative eens of occurrence, 
Cardiovascular: rushing, congestive heart failure, bradycard 

hypotension, syncope, pounding heart. i 
Central Nervous Drowsiness, dizziness, lightheadedness, nervov: 
System: ness, depression weakness, insomnia, confusion, 


hallucinat 
Gastrointestinal: Vomiting, "aianea, gastric upset, consti 
stion; pyrosis. 
eee Pritts, 


usually been excluded. 








petechiae. urticaria. 
Photosensitivity, nocturia, thirst, paestes 
polyuria, osteoarticular pain. 

The following additional experiences have been noted: : 
A patient with Prinzmetal's angina experiencing episodes of 
vasospastic angina developed periods of transient asymptomatic 
asystole approximately five hours after receiving a single 60-mg 
Jose of CARDIZEM. 
Experience in 959 patients taking oral doses. of CARDIZEM. 
resulted in: three cases (0.31%) of second-degree AV: block and. 
one case (0.10%) of third-degree AV block at doses of of 24, ta 
360:mg daily. 

in rare instances, mild to. moderate transient elevations of alki 
phosphatase, SGOT, SGPT, LDH, and CPK have been noted gurin 
CARDIZEM therapy. A single incident of markedly elevated liv 
associated with symptoms was reported in a patient taking 
360 mp per day for four days. Drug was discontinued and fone 
sormaleed re within 1 week. 


OVERDOSAGE OR EXAGGERATED RESPONSE. 

Overdosage experiences with oral diltiazem have not been fe 
Singie-oral doses of 300 mg of CARDIZEM have been well te 
by volunteers. In the event of overdosage of ex 
response, appropriate supportive measures should be eny 
in addition to gastric lavage. The following measures: may | 


consider 

Bradycardia Administer atropine (0.60 to 1.0 mg) If there is: 
fesponse to vagal blockade, administer: isopro: 
terenol cautiously. 

tHon Dagros AV Treat as for bradycardia above. Fixed ‘high-degs 
AV block should be treated with cardiac pacing. 

oo Failure — inotropic ee Tisoproterenoy, dopa- 

ine, or aeo amme } and diuretics, 
Hypotension 


Vasepessors (eg. dopamine or ievarteren 

Actual treatment and dosage should depend on the severi 
the clinical situation and the judgment and experience of the treating 

cian. 

oral LDss’s in mice and rats range trom 415 to 740 
and from 560 to 810 mg/kg. respectively. The intravenous Lose 
in these species were 60 and 38 mg/kg, respectively. The: a 
LDso in dogs 1s considered 10 be in excess of 50 mg/kg, w while 
lethality was seen in monkeys at 360 mg/kg. The toxic dose in man 
is not known, but blood levels in- excess of 800 ng/mi have not. 
been associated with toxicity 





DOSAGE AND AUMIMISTRATION, 
Artery Dlease ot Angina Pactoris at Ret Dus te Coronary 


Artery Spasm. Dosage must be adjusted to each patient's needs 
Starting with 30 mg four times daily, before meats and at bedtime, 
dosage should be increased gradually to 240 mg.(given in-divided: 
doses: three or four times daily} at one- to two-day intervals until 
optimum response is obtained. The effectiveness and safety 
dosages exceeding 240 mg per day are currently being i 

There are no available data concerning dos dosage requirements 
patients with impaired renal or hepatic function. if the drug must 
be ‘used in such patients, titration should m carried out with 





Paoa otam Use With Other Antianginal i Agents. 
1. Sublingual NTG may Oe takan a3 aquired to abort acut 


anginal attacks oil CARDIZEM 
2. ' CARDIZEM may be safely 


Nitrate Therapy 
coadministered with short- and long-acting nitrates, but there: 
have been no controlled Stuge to evaluate the antianginal 
effectiveness of this combin 
3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 


HOW SUPPLIED 

CARDIZEM 30-mg tablets are supplied in bottles of 100. (NDC. 
0088-1771-47). Each green tablet is 48 engraved wi yin MAKIN n oa one: 
side and 1771 engraved on the other. CARDIZI GO. Scored 
tablets are supplied in bottles of 100 (NDC Oe 72 7). bach 
iow u tablet is engraved with MARION on one side and 1772 

e other. 
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Conventional 24-hour Holter reel ti 





have | 
recomn 

But our advanced design, four- 
channel cartridge, when used with the 
Series 449 Electrocardiocorder® 





nded only for single use 


Systems, may be erased and re-used for 
) 


up to 50 ambulatory recordings 
The reasons? 


The cartridge has been specifically 
f 


designed with extended tape life in mind 


Combining the convenience ofa cassette 


with the accurac y of a reel-to-reel des 


the cartridge tape can be manipulated 
ef 


at today 
precision. Moreover, precise data man- 


agement can be attained without tape 





stretching or twisting, incre asing tape 





than 9 lives. And cassettes are 





gh scanning speeds with exact 





DEL MAR AVIONICS 


characteristics of the tape itself 


magnet 


Precise time coding, using a proprietary are matched exactly to the dynamic 
fe > f / / / 


range of our analyzers. Total system 


accuracy to within one second throughout compatibility gives you optimal fidelity. 


And if that's not enough, one of the 
cartridge channels can be used to record 
ambulatory blood pressure further 
extending your diagnostic capability. 

For more details on the four-channel 
cartridge that gives you added life, supe- 
rior fidelity and BP capability, contact Del 
Mar Avionics, 1601 Alton Avenue, Irvine 
California 92714, Telephone (714) 549-1500 
or call toll free at (800) 854-0481 qin 
California 800/432-8446), Telex: 68-5621 












ansluminal Angioplasty 


e coronary arteries from 70 consecutive patients 
n whom percutaneous transluminal angioplasty 
TA) had not been performed during life were ex- 
mined at necropsy for findings that have been 
ously described in patients or animals treated 
h PTA. In 33 (49%) of the 70 patients, 1 or more 
dings identical to those observed in necropsy 
tudies of PTA-treated arteries were observed: 
aque fractiaes’”t in 31 (44%), “dissection clefts” 























espite the fact that percutaneous transluminal an- 
oplasty (PTA) has now been used successfully to treat 
peripheral, renal, and coronary arterial stenoses in 
housands of patients, the mechanism by which PTA 
proves vascular patency remains an enigma. Dotter 
nd Judkins! in their original description of the proce- 
‘e as well as Griintzig,” 12 years later, attributed the 
nism of PTA to redistribution and compression 
i theromatous intima. Subsequent investigators 
ut a variety of pathologic studies to define the 
sm by which PTA improves vascular pat- 
Most studies employed either human cadaver 
pecimens subjected to PTA postmortem*°89 or ani- 
which lesions had been experimentally in- 
; few were performed in humans who had un- 
gone PTA antemortem.®” Most of these studies did 
lude comparison of the PTA-treated vessel with 
, that is, non-PT'A-treated, vessels. Accordingly, 
dy determines the frequency with which mor- 
ndings ascribed to PTA are present in his- 
ns of coronary arteries excised at necropsy 
who never were treated with PTA. 
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in 26 ( 33%), and extensive medial thinning i i 
(57% ). Observations in these 70 patients indi 
that findings previously described in PTA-treat 
patients cannot necessarily be assumed to repres 
the results of PTA. The fact that improved ves: 
patency may be seen in the absence as well as thi 
presence of such lesions precludes firm assuranc: 
that such lesions are the sole basis f for succe 
angioplasty. 




















“Methods 


The major extramural coronary arteries were ea | intac 
from the hearts of 70 consecutive patients who had died an 
undergone necropsy examination. None had been treated wit 
PTA. The coronary arteries were prepared for histologic ex 
amination. as described elsewhere.!! Briefly, each coronar: 
artery was decalcified in a solution of 10% formic acid at 
formalin (Decalcifier I, Surgipath) if necessary, fixed overnigh’ 
in 10% buffered formalin, and then cut transversely into 5 m 
long segments. Representative segments were then dehy 
drated in graded alcohols, cleared with xylene, impregnate 
with and then embedded in paraffin, and finally cut into 4 p 
thick sections: Sections stained with Verhoeff’s elastic tis 
stain as well as sections stained with hematoxylin and ¢ 
were prepared from each 5 mm segment. Histologic secti 
prepared from the coronary arteries of each patient were r 
viewed by light microscopy for morphologic changes described 
previously in patients or animals treated with PTA. © 


Results 


Plaque fractures: Vertical or serpentine cracks 
the atherosclerotic plaque, extending from the m 
into the plaque, have been interpreted as “fractu 
resulting from PTA.47910 Plaque cracks exten 
from the lumen for variable lengths into the plaque : 
at times associated with an apparent secondary 
section cleft were observed in 31 (44%) of the 70 non 
PTA-—treated patients. Examples of these Plague cracks 
are illustrated in Figures 1 and 3a. 

Dissection clefts: Apparent clefts within the a 
erosclerotic plaque or media, as well as cleft- -like se 
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FIGURE 1. Photomicrographs of representative histologic sections of coronary arteries from nonangioplasty patients illustrating findings (arrows) 
similar to what have been called plaque fractures in angioplasty patients. In d, the vertical plaque fracture is continuous with a dissection cleft at 
the intima-media junction. In c, erythrocytes and fibrin (e & f) are present within the ‘‘fracture."’ (Elastic-tissue stain; all magnification X5, reduced 
6%). 


rations at the junction of plaque and media were ob- 
served in sections from 26 (37%) of the patients in the 
present series. In 9 (13%) patients, these clefts were 
confined to the plaque itself, in 7 (10%) such clefts were 
limited to the media of the vessel, and in 10 (14%) the 
clefts involved the junction of plaque and media. Rep- 
resentative examples of such clefts are illustrated in 
Figures 1c and d, and 2. 


Stretching, thinning, or focal disruption of the 
media: “Focal interruptions” or an absolute diminution 
in the smooth muscle content of tunica media compo- 
nent of the coronary arterial wall, or both, were observed 
in 40 (57%) of 70 control patients. In some patients 
near-obliteration of the media was seen in association 
with extensive atherosclerosis. These pathologic find- 
ings involving the media are illustrated in Figure 3. 


Discussion 


That PTA is an effective means of improving vascular 
patency is no longer a matter for debate. Persistent 
amelioration of signs and symptoms of peripheral ar- 
terial insufficiency,!” renal arterial stenosis,!? and cor- 
onary arterial narrowing!* have now been well docu- 
mented. That PTA can be performed with low mor- 
bidity and mortality rates is attested to by the paucity 
of reported necropsy studies of patients treated with 
PTA. Partially as a result of such limited necropsy data, 
certainty regarding the efficacy of PTA has not been 
paralleled by an equal degree of certainty regarding the 
mechanism by which PTA reduces arterial nar- 
rowing. 

Excepting 4 patients who died shortly after PTA and 
were studied at necropsy,®” studies of the acute mor- 








FIGURE 2. Photomicrographs of representative histologic sections of coronary arteries from nonangioplasty patients illustrating findings (arrows) similar to what have been 


called dissection clefts in angioplasty patients. a, cleft separates media from adventitia; b, barium sulfate injectate from a postmortem arteriogram within the cleft at the plaque-media 


junction; c, clefts are within plaque. (a, c, elastic-tissue stain; b, hematoxylin and eosin; all magnification X5, reduced 21%.) 
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phologic consequences of PTA have been limited to the 
effects of PTA on (1) the coronary arteries of cadaver 


hearts, and (2) artificially induced atherosclerotic le- _ 


sions in the aorta and peripheral arteries of experi- 
mental animals. Major liabilities inherent in each of 
these methods have been acknowledged by the inves- 
tigators themselves. The coronary arteries of cadaver 
specimens, for example, are “... more susceptible to 
damage than vessels in vivo ...” as a result of dehy- 
dration and the absence of normal luminal pressure 
distension; as a result, “. . . dilation catheters may... 
[cause] dissection if forced through fixed stenotic seg- 
ments.’”4 

The use of experimental animal models has been 
limited by the nature of the atherosclerotic lesion in 
such models. The 2% cholesterol diet used to induce 
lesions in the aorta and peripheral arteries of the rabbit, 


for example, generally results in a lesion composed al- — 


most entirely of lipid-laden foam cells*!; this is in 
marked contrast to the complicated atherosclerotic 
plaque seen in human coronary arteries that is com- 
posed primarily of collagen with a relatively small lipid 
content.!5 The morphologic changes induced by an- 
gioplasty of a foam-cell lesion cannot necessarily be 
extrapolated to the predominantly fibrous lesion of 
humans. 

Furthermore, there is a striking lack of unanimity 
among the findings reported by previous investigators. 
Although Castaneda-Zuniga® and Baughman reported 
finding plaque fractures in segments of cadaver coro- 
nary arteries treated with PTA, Lee et al,’ using the 
same model, found no plaque fractures among 21 lesions 
similarly treated. In a study of the rabbit diet-induced 
foam cell plaque treated with PTA, Block et alt found 
a dissection cleft in 1 and a plaque fracture in 2 seg- 
ments of dilated iliac artery; 8 of 10 aortic stenoses that 
were successfully dilated, however, contained neither 
fractures nor clefts. Faxon et al!° observed plaque 
fractures in 3 of 3 and dissection clefts in 1 of 3 suc- 
cessfully dilated rabbit peripheral arterial foam cell 
lesions; however, among 9 successfully dilated compli- 
cated plaques (analogous to human atherosclerotic le- 
sions) induced by an indwelling catheter with or without 
dietary cholesterol supplementation, no plaque frac- 
tures and only 1 dissection cleft were observed. On oc- 
casion, an acute inflammatory response has been de- 
scribed in association with plaque fracture,!° and in 2 
reports of a dilated iliac artery, erythrocytes and fibrin 
were demonstrated within the plaque crack® (see Fig. 
1c). Most reports,**-75:10 however, have described a lone 
vertical or curvilinear split such as was found in sections 
from the present group of non-PTA control patients 
(Fig. 1a, b, and d). 

In addition to the variability in findings reported 
from 1 laboratory to another, plaque fractures, dissec- 
tion clefts, and medial thinning have not been consis- 
tently observed in all successfully dilated segments from 
an individual laboratory. Freudenberg? found plaque 
fractures and dissection clefts in some cadaver coronary 
arteries treated with PTA, but neither fractures nor 
clefts were observed in 6 of 17 and 12 of 17 dilated ar- 
teries, respectively. Likewise, Faxon! found dissection 
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FIGURE 3. Photomicrographs of representative histologic sections of coronary arteries from nonangioplasty patients illustrating medial thinning 
(a, b) and interruption of the medial layer (arrow in b) of the coronary arterial wall. The media is defined as that portion of the coronary arterial wall 
between the internal and external elastic membranes (white arrows). (Elastic-tissue stain; magnification X5, reduced 7%.) 


clefts in only 2 of 12 successfully dilated rabbit arte- 


ries. 


That findings similar to those described in PTA- 
treated patients were observed in the present group of 
non-PTA-treated control patients suggests that these 


_ findings cannot necessarily be invoked to explain the 


VI GES 





FIGURE 4. Photomicrograph of a section of the renal artery at the site 


mechanism by which PTA improves vascular patency. 
Plaque fractures and dissection clefts observed in the 
present group of patients are most likely the result of 
artifact related to preparation of the coronary arteries 





of antemortem angioplasty. The histologic features of the atheroscle- 
rotic plaque and arterial wall are unremarkable. (Elastic-tissue stain; 
magnification X5, reduced 13%.) 


for histologic examination. Dissection clefts may be seen 
in sections of coronary arteries prepared from mummies 
frozen 1,600 years before the advent of PTA.!® Spurious 
dissection clefts also may be produced by postmortem 
injection of radiographic contrast media, particularly 
in a vessel with a high-grade proximal stenosis (Fig. 2b). 
On the other hand, the lack of a supporting medium (for 
example, postmortem injectate of barium sulfate) in the 
lumen of the coronary artery may result in artifactual 
fracture of the luminal surface of the atherosclerotic 
plaque when the artery is sectioned, particularly if the 
artery is sectioned before fixation. The extent of arterial 
calcific deposits also influences the likelihood of creating 
artifact in the preparation of coronary arteries for his- 
tologic examination. Although decalcification of coro- 
nary arteries is routine in most laboratories, including 
our own, incomplete decalcification may result in brittle 
arteries which tend to crack or develop circumferential 
dissociation of the layers of the arterial wall when the 
arteries are cut. Interestingly, Baughman et al’ found 
that the incidence of “intimal or medial disruption” in 
dilated cadaver coronary arteries was increased in those 
arteries that contained calcium compared with those 
that did not. Whether the morphologic changes in the 
calcified vessels were the result of PTA or the result of 
preparation, including cutting, for histologic examina- 
tion remains speculative. 

While the plaque fractures and dissection clefts seen 
in the present group of patients appear for the most part 
to represent artifactual findings, medial thinning (or 
medial disruption or medial interruption) is a finding 
typical of complicated atherosclerotic arterial seg- 
ments.!! The more extensive the plaque, that is, the 
greater the degree of cross-sectional area narrowing, the 
greater is the likelihood of the plaque eroding partially 





or entirely through the media. Displacement of medial 
smooth muscle is a finding so frequently observed in 
10n-PTA-treated coronary arteries that no special in- 
pretation should be attached to its presence in 
treated segments. 
s mentioned above, most previously published 
tudies include a variable number of successfully dilated 
rial segments in which no remarkable findings were 
S | on histologic examination. In fact, such a be- 
icture is common in patients who have died and 
studied at necropsy late after angioplasty (Fig. 
8 The explanation for the paucity of remarkable 
ings in such patients has been that remodeling and 
ing have obliterated the unique pathologic features. 
This theory, however, is at odds with the observation 
that serial angiographic studies of patients treated with 
‘PTA tend to demonstrate improvement in vascular 
patency from the angiogram done initially postangio- 
plasty to that performed several months later. If 
athologic changes such as plaque fractures and dis- 
section clefts are to be considered the basis for improved 
5 ular patency after angioplasty, then it is difficult 
resolve the paradox of late improvement in the an- 
graphic appearance of the dilated vessel at a time 
en pathologic changes alleged to be responsible for 
Amprovement are.no longer observed. 
The absence of unique pathologic findings in many 
-treated animals and humans studied postmortem 
plies that successful arterial dilatation may occur by 
native mechanisms, such as transluminal dilatation 
1e vessel wall or the “compression” theory originally 
vanced by Dotter and Judkins! and later by Grint- 
2 Admittedly, the observations made in the present 
dy d not provide direct evidence for either the di- 
‘compression theories. Since neither com- 
or dilatation (each of which implies a serial 
phenomena that can be witnessed on a 
ologic slide, other methodologies must be 
confirm or reject these theories. The com- 
on and transmural dilatation theories, however, 
attractive because each is compatible with the ab- 
ace of unique histologic features. In this regard, each 
to. account both (1) findings in the present study 
st that pathologic findings previously de- 
nique consequences of PTA may be ob- 
coronary arteries of patients who have not 



























































lies in which such unique pathologic features 
í observed despite successful dilatation,310 
bservation by Block et al!® that the post- 
arterial effluent in the rabbit model con- 
debris might, in fact, be interpreted as 
ring either the transmural dilatation or 
n theories. Plaque fractures, for example, 








would be more likely to result in release of plaque debr 
than would either plaque compression or transm 
dilatation. 

Finally, the fact that lesions resembling ‘ble 
fractures and dissection clefts have been observed 
occur as the result of artifact does not exclude the p 
sibility that such lesions may develop as a result of P’ 
The fact that improved vessel patency may be se 
the absence as well as the presence of such 
however, precludes firm assurance that such lesi 
the sole basis for a successful dilatation. 
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Intravenous Nitroglycerin for the Treatment of Angina at Rest 


Unresponsive to Standard Nitrate Therapy 
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Thirty-five patients who had angina at rest that was 
inresponsive to standard therapy comprised of oral 
Or topical nitrates and beta-blocking drugs were 
_treated with a continuous infusion of intravenous 
nitroglycerin (IVNTG). The infusion was started at 
10 g/min and increased by 10 g/min increments 
every 5 minutes until an infusion rate of 50 ug/min 
vas reached. After each episode of rest angina, the 
infusion was increased by 50 g/min in the same 
stepwise manner. Data from a 24-hour baseline 
sontrol period were compared with those from a 
4-hour IVNTG endpoint period at which time the 
ighest IVNTG infusion rate was administered. The 
verage IVNTG infusion rate was 140 + 15 g/min. 

: With IVNTG therapy, the number of episodes of an- 


gina at rest decreased from 3.5 + 0.4 to 0.3 r 0:1, 
sublingual nitroglycerin use decreased from 1.9 E. 
0.3 to 0.4 + 0.1 mg/day, and morphine sulfate ad- 
ministration decreased from 5.5 + 1.3t00.4+0.2 © 
mg/day (all p <0.001). When each patient’s re- 
sponse on the endpoint day was analyzed, 25 were _ 
defined as complete (no rest angina), 8 as partial | 
(>50% decrease in the number of episodes/day _ 
from control values), and 2 as nonresponders. No | 
significant drug-induced adverse effects oc- 2 
curred. 

IVNTG appears to be effective therapy for angina oe 
at rest refractory to standard oral and opie! med -— 
ications. 












ntravenous nitroglycerin (IVNTG) was recently ap- 
roved by the Food and Drug Administration for 
reatment of angina pectoris; however, insufficient in- 
ormation is available concerning effective infusion 
_Tates, response rates, and complications. This study was 
designed to answer 2 questions about IVNTG therapy: 
Is it effective in controlling angina at rest in patients 
ho have failed to respond to standard medical thera- 
y? If it is, what is the range of effective infusion 


Angina at rest requires urgent therapy whether it is 
he first sign of ischemic heart disease, follows stable 
rtional angina, or occurs after an acute myocardial 

ction. Standard medical therapy with bed rest, 

‘gen, sedation, beta-adrenergic blocking agents, and 

al or topical nitrates is effective in controlling angina 
t rest. in most patients.’ The role of beta-adrenergic 








rom the Section of Cardiology, Department of Medicine, Northwestern 
niversity Medical School, and the Departments of Nursing and Phar- 
“macy, Northwestern Memorial Hospital, Chicago, Illinois. Manuscript 
received September 10, 1982; revised Manuscript received November 
1982, accepted November 2, 1982. 


“Address for reprints: Kerry. Kaplan, MD, Suite 628, 251 East niong : 





venue, eae Minor 60611 


IVNTG offers several possible advantag 


reversible electrocardiographic changes -T lev. 
ee depression 21 ‘mm or s! i 





















blocking agents i in the therapy of this condition is widel 
accepted’ but certain aspects remain controversi 
When angina at rest recurs despite standard me 
therapy, calcium antagonists, intraaortic balloo 
counterpulsation, and emergency coronary artery by 
pass surgery have been advocated, 27-10 

Nitrates have been used for many years to tr 
myocardial ischemia because of their ability to decr e 
myocardial oxygen consumption and increase 
artery blood flow.!!!2 Nitrates are availabl 
lingual, topical, oral, and intravenous pi 


forms because of its ease of administratio 
tration, and 100% bioavailability. Severa 
suggest that IVNTG is effective in treating r myc 
ischemia, 19-16 


Methods 


Patient selection: Patients with angina at rest un 
sive to standard medical therapy were entered into the p! 
tocol for IVNTG administration. Angina at rest w ( 
by the presence of typical chest pain associated 








ymmetrical Ewave] inv 





eads), or isient defects i ina , thallium myoaidial scan 
obtained during pain. Standard medical therapy included bed 
est in a coronary care unit with continuous cardiac rhythm 
itoring, oxygen therapy, sedation, and at least 1 of the 
wing nitrate regimens which are the usual doses recom- 
ended in the Physicians’ Desk Reference": (1) nitroglycerin 
ntment, 2 inches every 4 hours; (2) isosorbide dinitrate, 30 
rally every 6 hours; (3) isosorbide dinitrate, 10 mg sub- 
ually every 2 hours. The use of beta-adrenergic blocking 
was left to the discretion of the patient’s attending 
icians. In each instance, IVNTG was started only after 
ina at rest. continued to occur despite progressively in- 
asing topical and oral nitrate doses that exceeded maximal 
- recommended doses. Twenty-four of the 35 patients had 23 
- episodes of angina at rest during the 24-hour period before 
initiation of IVNTG. 


` Study design: IVNTG supplied by American Critical Care 
Corporation was diluted with 5% dextrose in water to a con- 
centration of 300 ug/ml. It was infused through polyvinyl 
-chloride intravenous tubing; the infusion rate was controlled 
_by an IMED volumetric infusion pump. The infusion was 
started at a rate of 10 ug/min; if no adverse effects occurred, 
was increased every 5 minutes at 10 ug/min increments until 
infusion rate of 50 ug/min was reached. This dose level was 
intained until another episode of angina at rest occurred, 
hich time the infusion rate was increased in the same 
wise manner until a dose of 100 ug/min was achieved. 
after each anginal attack, the dose was increased by 50 
“By titrating to therapeutic effect, each patient’s 
ghes t infusion rate either represented the minimal effective 
‘apeutic dose or the highest infusion rate received before 
"G was considered a therapeutic failure. A therapeutic 
lure was identified by the need for the initiation of alter- 
ative antianginal therapy such as calcium-channel blocking 
ents, intraaortic balloon counterpulsation, and/or emer- 
coronary artery bypass surgery. During the study, no 
anges were made in the antianginal therapy other than 
difications of the IVNTG infusion rates. Specifically, no 
ges were allowed in the dose of beta-blocking agents or 
pical nitrates. Episodes of angina at rest were treated 
lingual nitroglycerin and, if unresponsive, with in- 
s morphine sulfate. No fixed protocol was followed 
ntinuing IVNTG. During the study the following 
mation was collected daily: (1) number of episodes of 
t rest, (2) amount of morphine sulfate and sublingual 
ycerin administered, (3) adverse effects of IVNTG, and 
blood pressure and highest and lowest pulse rates 
at times other than during an ischemic episode. 


nalysis: Analysis was performed by comparing the 

riod. immediately preceding the initiation of 

he baseline control period-—with each subsequent 

period during IVNTG administration. A 24-hour 

period was defined as the period during which the 

'G infusion rate was given. This rate was either 

‘ective dose or the highest dose of IVNTG given 

sidered. a therapeutic failure. The average 

pisodes of rest angina, amount of sublingual ni- 

and amount of intravenous morphine sulfate were 

‘or the baseline control period, each subsequent 

od, and the endpoint period using a Student’s t 

the difference. The incidence of rest angina was also 

ach day using analysis of variance. All numbers 
as an average + standard error of the mean. 

o analyzing the average response of the group, 

ch patient was. considered in comparison 

iod. A complete response was defined as 

‘ing on the ae under analysis; 


Results 


Patient population: Fifty-three patient over 
18-month period met the inclusion criteria and be 
receiving IVNTG. Eighteen of these. patie 
changes in their antianginal therapy dictated b» 
other than failure to control myocardial is 
patients propranolol dose was decreased 
bradycardia or congestive heart failure, whereas 
the nitrate or propranolol doses, or both, were char 
simultaneously with the initiation of IVNTG. Th 
patients did not differ from the remaining 35 wit! 
gard to inclusion data, adverse effects, or ou 
(myocardial infarction, death, intraaortic ball 
counterpulsation, and/or coronary artery b 
grafting). However, because it was impossible to as 
the relative contribution of the addition of IVNT' 
the changes in other antianginal therapy on 
provement of rest angina, these patients were eres 
from further analysis. 

The remaining 35 patients included 22 men 
women with an average age of 63 years (range 3 
Twenty of the 35.had recurrent angina at rest 1 to. 7 ( 
after an acute myocardial infarction. Comparison of 
results for the 20 patients with postinfarction an; 
and the remaining 15 patients with unstable ang 
showed no significant difference in the groups. Th 
fore, all further data combine the results from the 
subsets. 

Twenty-two patients had had a previous myocar 
infarction at least 2 weeks before beginning IV 
therapy. Twenty-one of the 35 patients subseque 
underwent cardiac catheterization; all had corona 
artery disease. Four had single-vessel disease; 6 h; 

2-vessel and 11 had 3-vessel disease. Of the 35 patie 
34 had either a previous myocardial infarction ora 
ography-proven coronary artery disease. >o 

The nitrate doses given to the study patients befo 
starting the IVNTG were much higher than the m 
mum required by the protocol. Thirty-four pati 
were receiving nitroglycerin ointment in an avel 
amount of 18 + 0.8 inches/day, 27 patients were 
ceiving oral isosorbide dinitrate at an average dos 
229 +31 mg/day, and 26 patients were receiving bo 
forms of nitrates: Seventeen patients were recel 
propranolol in an average dose of 202 + 28 mg/d 

IVNTG administration: The average endpoint dc 
of IVNTG was 140 + 15 wg/min (range 50 to 350), w 
an average length of infusion of 5.6 + 0.8 days (r: 
to 25). The lowest mean arterial pressure and hig 
pulse rate did not change significantly from the baseline 
control day to the endpoint day. The average meal 
terial pressure changed from 79 + 9 to 77 +10 mm 
(p = 0.19) and the heart rate from 84 + 3 to 86 
beats/min (p = 0.42). In order to exclude the: eff ct 
beta blockade, the data on the 18 patients not rec 
propranolol were analyzed separately and demor 
no 1o pignificant changes i in heart rate or blood p 





(0) 50 (00 150 200 250 300° 350 
IVNTG Infusion Rate (mcg/min.) 
JRE 1. Percentage of complete or partial responders for each 
sion:rate of IVNTG, showing the IVNTG dose on the endpoint day 
r the 33 patients who had a >50% decrease in anginal episodes on 
endpoint day compared with the control day. 


No association was demonstrated between the max- 
nal dose of IVNTG and age, sex, weight, extent. of 
onary artery disease, history of previous myocardial 
infarction, previous administration of beta-blocking 
nts, or number of episodes of rest. angina on the 
ntrol day. Figure 1 shows the percentage of complete 
partial responders with each infusion rate of IVNTG. 
the patients who responded to IVNTG, over half 
ere controlled at an infusion rate of <100 ug/min and 
r two thirds at $200 ug/min. 
linical response: The number of episodes of rest 
gina, amount of sublingual nitroglycerin, and amount 
orphine sulfate were significantly decreased when 
è control and endpoint periods were compared (Table 
. Episodes of rest angina decreased from 3.5 + 0.4 to 
3 + 0.1/day (p <0.001), sublingual nitroglycerin use 
reased from 1.9 + 0.3 to 0.4 + 0.1 mg/day (p <0.001), 
id morphine sulfate administration decreased from 
1.3 to 0.4 + 0.2 mg/day (p <0.001). 
To show that this benefit is not an artifact that results 
om arbitrarily selecting a particular day and labeling 
the therapeutic endpoint, a day-by-day analysis was 
done of the average number of episodes of rest angina. 
‘atients were removed from this analysis after reaching 
eir endpoint day because at this time they either had 
no further rest angina or were considered a therapeutic 
ilure and an alternate form of therapy was begun (Fig. 
. The number of episodes of rest angina clearly de- 
eased for each time period in comparison with the 
trol day. When each patient’s response on the end- 
at day was analyzed, 25 were complete responders, 
ë partial responders, and 2 were nonresponders. 
e average number of days from the start of IVNTG 
ning the maximal dose was 2.7 + 0.6. Fourteen 
its received their maximal IVNTG dose on the 
rst day, 10 on the second, and 5 on the third day of 
‘oglycerin administration. 
o correlation was found between therapeutic re- 
nse (assessed by degree of reduction in pain from the 
rol day to the endpoint day) and age, sex, extent of 
ronary artery Herne) initia] mean arterial pressure 


-TABLE I- Clinical Response t w 


Endpoint Day* 








Episodes of rest angina 
Sublingual nitroglycerin (mg/day) 
Morphine sulfate (mg/day) 


* Mean d: standard error of the mean. 
t p <0.001 for comparison of control and endpoint days. 





Episodes of Rest Angina 








FIGURE 2. Number. of episodes of rest angina for baseline control dy 
(C) and each day with IVNTG up to the endpoint day (EP). The. avera 


IVNTG is shown.-Patients were removed from this analysis: afte 
reaching their endpoint day because at that time they either ha 
further rest angina or were considered a therapeutic failure and sta 
receiving an alternate form of therapy. The numbers above the: 
represent the number of patients left for analysis on each day. Asterisks 
indicate p <0.05 compared with control day. ; 


cent or remote myocardial infarction, or those who w wer : 
or were not receiving propranolol. ee 
Adverse effects: An adverse effect was defined as 
event that. prompted a decrease in the rate or d 
tinuation of the IVNTG infusion. Fifteen patients hai 
a headache which either required no treatment 
sponded to standard analgesics. In 1 patient, se 
headache necessitated a decrease in the IVNTG 
In no instance was an adjustment of the infusi 
dictated by the development of hypotensic 
cardia, or tachycardia. 
Outcome: Of the 35 patients, 23 were 
weaned from IVNTG: 14 without a chang 
standard medical therapy compared with 
period, 5 with an increase in nitrates, 2 with an 
in propranolol, and 2 with an increase in both 
and propranolol. 
Two patients receiving IVNTG because 
rest angina after a recent myocardial infar 
extension of their infarct, developed cardioge 


-and died. Ten: patients continued receivin 
until eotonary artery bypass was performed 
è + j ; fc is! 


eol! atients with and without re- w had a rec 





o 13 days after their infarction. There 


i ge 
ere 2 perioperative deaths: 1 in a patient with com- 
ied ¢ coronary and carotid artery revascularization who 
l | a cerebrovascular accident, and another after 
bined coronary artery bypass and insertion of an 
valve prosthesis that was complicated by car- 
enic shock, 


Discussion 


al previous reports suggest that intravenous 

are effective in treating refractory angina pec- 

13-16 Dauwe!® reported on 14 patients with un- 
able rest angina refractory to conventional medical 
erapy. All 14 patients had a decrease in the incidence 
of chest pain during treatment with an average of 47 
‘/min of IVNTG. Distante!4 used intravenous iso- 
rbide dinitrate in a double-blind crossover trial of 12 
tients with myocardial ischemia at rest. They had a 
gnificant decrease in the number of episodes of 
chemia between the placebo and treatment periods. 
olich!> reported retrospective results in 75 patients 
chest pain treated with IVNTG. Pain relief was 
ed in 40 of 45 patients with unstable angina and 
30 patients with chest pain after myocardial in- 
» They did not describe the concurrent medical 

py their patients were receiving or whether that 
apy remained constant during | the IVNTG infusion. 
3s study also differed from ours in using a much lower 
‘maximal infusion rate (54 ag/min) of a nonin- 
trially prepared solution of IVNTG. In a review ar- 
m IVNTG, Hill!® states that he administered 
to 20 patients with unstable angina refractory 
ximal therapy and that all patients responded; 

yer, no details are provided. 

rates may be effective in treating myocardial 
emia because they decrease myocardial oxygen 
n and increase myocardial blood flow.!! 

ry pharmacologic action is the relaxation 

smooth muscle, having greater effect on 

an arterial vessels, By dilating peripheral veins 

sing venous capacitance, venous return to the 
decreased. This reduction in preload results in 
left ventricular wall tension and myocardial 
consumption.!8-29 Nitrates act as vasodilators 

d collateral coronary arteries?!-?3; however, 

tain whether the blood flow to ischemic 

lial tissue is actually increased.24-26 Because 

st has been shown to be secondary to tran- 

ses in myocardial blood flow,?7-29 it is pos- 

NTG acts in this situation to combat cor- 


ie 


ow 1 that the use of IVNTG is associated 
ssion of angina at rest in patients who 

to respond to standard medical therapy; 
is well-known that unstable angina has a 
pontaneous remission. The only way to 
problem would have been to use a double- 
bo-controlled crossover format, but we felt 
ical status of our patients was too tenuous 
placebo phase. Nevertheless, we believe that 
trate a therapeutic effect for 2 rea- 


eof the infusion rate 


they were receiving, yet there was a a porrelation b be 

the IVNTG dose and the clinical response. ‘Secon 
there were 3 instances of recurrence of rest. angi 
during temporary accidental interruption of the IVNT 
infusion that the patients were not aware of. After 
infusion was reinstituted, angina did not recur... 

Another limitation of the study is that IVNTG w 
infused through polyvinyl chloride tubing. It i 
that nitroglycerin is adsorbed by this type of tub 
therefore, the exact amount reaching the pa 
unknown. When using polyvinyl chloride tub 
concentration of IVNTG reaching the patient also 
pends on variables such as length of intravenous tubi 
infusion flow rate, duration of infusion, and init. 
concentration of the solution.°° When IVNTG is inf 
through polyethylene tubing—which is now comme 
cially available—insignificant amounts are’ lost. 
doses used in this study were administered using 
vinyl chloride tubing and cannot be applied whe 
more efficient delivery system is used. Unfortunatel 
the polyethylene system was not available when 
study was initiated: 

The mechanism whereby the addition of IVNTG was 
successful in controlling rest angina that had not r 
sponded to high doses of oral and tépical nitrates is n 
entirely clear. One would expect that the response wou 
be dependent on total nitrate levels regardless of t 
method of administration, and it appears that sim. 
levels are obtained with topical and intravenous nitr 
glycerin.?! Unfortunately, we were not able to measur: 
nitrate blood levels so we cannot correlate the n 
concentration with therapeutic response. The supe 
results with IVNTG could be due to the stability o: 
trate blood levels which avoids the fluctuations s 
with standard therapy. Alternatively, the ability to 
rapidly attain a new level could account for the 
proved efficacy. : 

Although IVNTG is a known arterial vasodilato: 
use in our patients was not associated with a signifi 
hypotensive effect. This may be due to the fact that 
patients were already receiving large amounts of nitrat 
before IVNTG was initiated. It is also possible tha 
decreasing afterload, cardiac output was. increai 
sufficiently to maintain blood: pressure. 

We have shown that IVNTG can be given: sa 
without hemodynamic monitoring and that infusic 
rates of 50 to 350 wg/min are effective in control 
myocardial ischemia previously unresponsive fo or. 
and topical nitrates. 
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ffects of Verapamil on Coronary Hemodynamic Functio: 
nd Vasomobility Relative to Its Mechanism 
Antianginal Action 


IST OPHER Y. C. CHEW, MD, B. GREGORY BROWN, MD, PhD, 
MAH N. SINGH, MD, DPhil, MAYLENE M. WONG, MD, CINDY PIERCE, BS, 


and ROBERT PETERSEN, PhD 


The effect of intravenous verapamil on systemic and 
‘oronary : hemodynamic function was studied at 
ardiac catheterization in 12 patients with coronary 

ery disease. Verapamil was administered as a 
nute bolus (0.145 mg/kg) followed by an infu- 

1 (0.005 mg/kg/min). Cardiac output and coro- 
ry sinus blood flow were measured by thermodi- 
ition techniques. Caliber of the large coronary ar- 
es and of diseased segments was determined 
n the coronary angiogram using a computer- 
isted method. Verapamil reduced mean arterial 
ssure 14% (p <0.001), systemic vascular re- 
ce 21% (p <0.01), and stroke work index 

(p. <0.001). Coronary vascular resistance 
ased 24% (p <0.01) with a small increase in 
onary sinus blood flow (+13%, difference not 
ificant [NS]). Myocardial oxygen consumption 
nined in 5 patients showed no significant 

e with verapamil. Luminal area in 39 coronary 

s measured in the “normal” portion of the 
egment and at its maximal constriction, 


nnel inhibitors are being used increasingly in 
nagement of various myocardial ischemic syn- 
3 In contrast to beta-adrenergic antagonists, 
ipounds have been shown experimentally to 
oronary arteries,4° and thus their antianginal 
of potential value in exertional as well as in 
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and an estimate of flow resistance in \ the sten 
was computed. Overall, 50% of “normal” ; 
diseased coronary segments dilated signi 
with verapamil. Stenosis dilation resulted in an 
erage 14% reduction (p <0.01) in estima’ 
resistance. In 8 patients, the luminal change 
27) induced by sublingual nitroglycerin were 
pared with those induced by verapamil. Nitrog! 
induced a significantly greater increase in coro 
caliber in both normal and diseased segments 
timated stenosis flow resistance decreased 2 
with nitroglycerin compared with 14% with v 
pamil (p <0.01). : 
Thus, verapamil moderately dilates the system 
and coronary small vessel resistance bed wit 
apparently increasing myocardial metabolic 
mand. Furthermore, verapamil mildly dilates larg 
coronary conductance vessels in both “normal” ar 
diseased segments, although ers less tha r 
does nitroglycerin. _ 


vasospastic ischemic syndromes. However, relativi 
little data are available on coronary hemodynami 
function and vasomobility in patients with coronary 
artery disease. From gross angiographic: appearances 
Mignault® concluded that intravenously administere 
verapamil did not alter the caliber of normal and 
erosclerotic coronary vessels, whereas Luebs et al," 
myocardial clearance of rubidium as an index of 
nary blood flow, found that intravenous verapa! 
creased coronary blood flow in patients without 
nary artery disease whereas no such effect was obse 
in patients with coronary artery disease. More recen 
however, Simonsen® found that intravenous verapam 
produced a small but significant reduction in coronar 
vascular resistance in patients with coronary e: 
disease. 

The purpose of our study: therefore, was to deter 
the effects of intravenously administered 





Scale: IF en 
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FIGURE 1. Representative computer printout of segmental stenosis images and dimensional data from a 76% stenasing lesion of the left al 


ending artery before and after verapamil and after nitroglycerin (NTG). 


mal and narrowed segments of the coronary artery. 


and coronary hemodynamic functions and on coronary 
rtery caliber with particular reference to changes in 
arge vessel cross-sectional area and stenosis flow re- 
sistance as measured by quantitative coronary angiog- 
aphy. 


Methods 


Twelve male patients undergoing diagnostic cardiac cath- 
terization for the evaluation of coronary artery disease were 
studied. The mean age of the group was 53 years (range 48 to 
9). Two had 1-vessel coronary disease, 7 had 2-vessel disease, 
nd 3 had 3-vessel disease. Their ventricular ejection fractions 
anged from 22 to 70 (mean 50.5). All patients and the design 
ie protocol were reviewed and approved by the Human 
ects Committee of the Wadsworth Veterans Adminis- 

on Hospital. All patients had sinus rhythm with no evi- 

of atrioventricular heart block. Patients who were re- 

ing a chronic beta-adrenoreceptor blocking drug were 

ied 48 hours after its discon ciaiation, All chronic nitrate 


urements were obtained through percutaneous cannu- 
tion of both femoral artery and vein. Right heart pressures 
rdiac output were obtained with a hee lumen ther- 


Note that in the doses used, nitroglycerin is a much more porr dilator 


et al.9 Repeated contrast injection was used to docum 
positional stability of the coronary sinus catheter. Hear 
was monitored in lead I of the electrocardiogram.. 

Systemic vascular resistance (SVR) (dynes s em~? 
calculated as SVR = MAP/Co, where MAP = mean. art 
pressure. Stroke work index (SWI in g-m/m2) was calcul 
as SWI. = (MAP ~ PCWP) X SVI x 1.36.%°1073, 
PCWP = pulmonary capillary wedge pressure in 
SVI = stroke volume index in ml/m2. Coronary vas 
sistance (CVR) was calculated as the ratio of MAP to 
(CVR = MAP/CSBF). Myocardial oxygen. consum 
(MVO,) was determined in 5 patients as the product 
and arterial-coronary venous oxygen difference: 
CSBF x (AO = Cs) Oo. 

Quantitative coronary angiographic ana 
puter-assisted analysis of coronary arterial < : 
performed by a technique recently describ 
dated in several laboratories,” The meth 
scribed here, .. 

High-quality coronary cineangiograms wer 
conventional fashion using the Judkins techn 
projections. For each left anterior oblique (LAO 
a corresponding perpendicular right anterio bli 
projection was obtained. For quantitative anal 
giographic frames were selected from the pe J 
of projections that showed the lesion mos clearly, 
frames were: selected, usually i in diastole, 





di ased arterial segment. ‘The galing factor was , cal- 
ted from a traced section of the catheter tip of known di- 
sions. The traced images were digitized and transmitted 
PDP 11/45 computer which was programmed to reduce 
lesion image to true scale by compensating for pincushion 
tion, x-ray beam divergence, and magnification. An 
ple of a computer printout of a typical processed lesion 
own in Figure 1. The true scale images from the 2 per- 
jicular views are then matched along their center lines and 
nation of data from the perpendicular projections 
3-dimensional characterization of the diseased 
nary arterial segment. From these data the computer 
leulates the vessel diameter and cross-sectional area in the 
“normal” proximal and distal portion and at the point of the 
greatest narrowing of the diseased segment. Percent diameter 
and area. stenosis. were calculated according to the formula 
described by Brown et.al!°.and estimates of stenosis flow re- 
sistance at a hypothetical flow of 1.0 ml/s.are calculated using 
published formulas.!! This method is accurate to within 0.08 
mm for measurements of known dimensions and has a vari- 
ability of 0.1 mm. (standard deviation) on repeated estimates 
for minimal luminal diameter and +3% for percent stenosis 
e timates. 1-13 The angiographic sequence was carefully 
ncealed from those making the lesion measurements using 

nding protocol described elsewhere.!° 
otocol: The sequence of data acquisition was as follows: 
nutes were allowed to elapse after diagnostic left ven- 
graphy and coronary angiography. Control hemody- 
and ‘coronary sinus blood flow measurements were then 
ined- over a 3-minute period. Verapamil hydrochloride 
45 mg/kg} was given intravenously as a loading dose over 
minutes and a constant infusion (0.005 mg/kg/min) begun 
end of the loading period and continued for approxi- 
y 20 minutes. Hemodynamic variables were recorded 
nuously for the first 5 minutes, after which steady state 
itions were achieved. A further measurement of these 
és was made at the 10th minute after which a second 
ronary angiographic study with identical projections as the 
rol study was performed. At least-15 minutes after dis- 
tinuation of the verapamil infusion, with return of the 
namic variables to within 10% of the initial control 
0.4 mg of sublingual nitroglycerin was administered 
ents while aortic pressure and heart rate were moni- 
ronary angiograms were repeated in the selected 
pproximately 30 séconds after the aortic systolic 
nadir (within 4 to5 minutes after nitroglycerin ad- 

tion). 

tical analysis: Observations made before and after 
nd nitroglycerin administration were compared 
ficance or differences using 2-tailed Student’s t test 


if the E a of the null ne ie was >0. 05 
are presented as mean values +1 standard deviatio 


Results 


Verapamil dose: For the entire series of pa 
studied, the mean total dose of verapamil was 19 - 
and the duration. of infusion averaged 20 + 5 mi 
We previously showed that the regimen of vera 
administration used in this study produced sti 
plasma drug levels with stable hemodynamic; 
by the fifth minute of drug administration whic 
maintained during drug infusion.!® 

Systemic and coronary. hemodynamics: N 
hemodynamic data for all patients are presen 
Table I. Verapamil decreased mean arterial pre 
14% (p <0.001), systemic vascular resistance í 
<0.01), and coronary vascular resistance 24% (p < 
There was a significant increase of 5 mm Hg (: 
<0,001) in the value of mean pulmonary capillary 
pressure and mean pulmonary arterial pressure of 
Hg (+17%; p <0.01), but the changes in he 
cardiac index, stroke volume index, or pulmon 
cular resistance were not significant. Verapamil 
creased coronary sinus blood flow from 96 + 32. 

+ 35 ml/min, but this change did not reach stat: 
significance. In 5 patients, MVOz remained unch: 

by verapamil despite significant reduction in the h 
rate X systolic blood pressure product. In these 
tients, mean values for coronary vascular resistan 
coronary sinus flow did not differ significantly 
those of the other patients in whom MVO, could not 
determined for technical reasons. 

Effects of verapamil on coronary caliber: A 
of 39 coronary arterial segments with various degr 
of luminal obstruction of the left anterior descendi 
or circumflex coronary arteries were analyzed — 
quantitative coronary angiography. This method al 
for accurate quantitation of very small changes in 
onary caliber which are not usually appreciated 
subjective visual interpretation. 

The effects of verapamil on coronary calibe 
predicted stenosis flow resistance are summari 
Figures 2 and 3. Each point on the plot in each ig 
represents the value from a single lesion. In “ norm 


ffects of intravenous Verapamil on Systemic and Coronary Hemodynamics (Mean Values + 1 Standard 


pesiation ) 
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CONTROL CROSS-SECTIONAL AREA (mm?) 


as, verapamil increased eT rechional area in 19 of 
sions (49%) analyzed (Fig. 2). Smaller vessels (<5 
? cross-sectional area) tended to be more vasoreac- 
e with a mean increase of 14% compared with me- 
im-sized vessels (5 to 10 mm?) and larger vessels (> 
mm?) which dilated by a mean of 7 and 8%, respec- 
ely. However, this difference between small and 
edium to large arteries did not attain statistical sig- 
cance; In stenosed ‘Segments, verapamil induced a 
parable increase in cross-sectional area in both 
ig” and significant (>50% diameter stenosis) lesions 
a resultant decrease in estimated stenosis flow 
sistance (Fig. 3). However, not all stenosed lesions 
ted with verapamil. Nineteen of 38 lesions (50%) 
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FIGURE 2. Individual changes in cross-sectional area | 
normal’ coronary segments after intravenous verapamil. 
Each point represents data from a single lesion and is- 
averaged from 6 estimates of coronary calibers. Partly 
or totally “closed” circles show a statistically significant 
change by the paired t test of the 6 estimates.in each 
~f the pre- and postverapamil angiographic images: The - 
overall data indicate the vasodilatory propensity c of 
verapamil at the site of coronary stenosis. 








showed no significant change in caliber in the disease 
segment. 
Comparative effects of verapamil and nitr 
glycerin on coronary vasomobility: In 27 diseas 
segments. {average 38% stenosis, range 8 to 82%) in | 
patients, changes in coronary caliber after verapami: 
and after sublingual nitroglycerin were compared 
rectly. The mean data are summarized in Figures 4 
5. In “normal” segments, verapamil and nitrogh 
increased cross-sectional area by 7 and 22%, respective 
(p <0.01), whereas in the stenosed areas the ch 
were 13:and 28% (p <0.01), respectively. Nitroglycerin — 
decreased stenosis flow resistance 28%, twice that 
duced by verapandl (14%, p <0.01). 
































FIGURE 3. Individual changes in est imated 
resistance after verapamil. Each point repr 
lesion, Points falling below the zero line | 
.. dilation, Points. that are partly or total 
Saey significant change by pai 
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JRE 4. Comparative effects on luminal cross-sectional areas after 
rapamil {V} and nitroglycerin (NTG) with both “normal” and stenosed 
nents of coronary arteries. The data are means and standard de- 
ions. Both drugs increase cross-sectional areas in normal as well 

í rowed segments of the coronary arteries; nitroglycerin is more 


Discussion 


e present findings demonstrate that verapamil is 
i uently butinconsistently a mild dilator of epicardial 
ronary arteries, producing dilation not only of their 
ormal” but also of their narrowed segments, with a 
ting reduction in estimated stenosis flow resistance. 
esults contradict the generally held belief that 
clerotic lesions in man do not have the propen- 
late under the action of pharmacologic inter- 
otal coronary vascular resistance also de- 
fter verapamil with a tendency for coronary 
d flow to increase. Because the coronary sinus 
hot decrease, as occurs with dipyridamole,?? our 
ns suggest that verapamil dilates both con- 
as well as resistance components of the coro- 
teries. The findings agree with recent experi- 
rk}? using in vitro strips of canine coronary 
vyhich verapamil was found to block cal- 
dent action potentials in both the large and 

‘onary vessels. 
n coronary hemodynamics, however, differ 
those recently reported by Ferlinz and 
se investigators found that in patients 
artery disease, verapamil (0.1 mg/kg bolus 
by infusion of 0.005 mg/kg per minute) de- 
F 12% with no significant effect on coro- 
lar resistance, whereas myocardial oxygen 
n was reduced 18%. In our study, coronary 
sistance invariably decreased after verapa- 
decrease was maintained during the entire 
inf sion. . Absol ite coronary sinus blood 
i hec tatistical minini 
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FIGURE 5; Comparative changes In: estimated stenosis fow r resis 
after verapamil (V) and nitroglycerin (NTG). The effects were tes 
the same lesions sequentially and data were acquired at dose 
drugs that were equipotent with respect to reduction in systolic a 
pressure. The data are means + standard deviations; nitroglyceri 
a more significant effect in reducing Stenosis flow resistance, i 
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cance only at the third minute of drug administr. 
when plasma verapamil concentration was at its pe 


In an earlier study, Simonsen® found that in pati 
with coronary disease, intravenous verapamil decre 
coronary arteriolar resistance 13% compared with 2 
in our study. However, in this study by Simons 
verapamil was given as a single bolus injection | 
mg/kg) without a subsequent continuous infusión 
the test measurements were made 15 minutes later. W 
previously showed!® that many characteristic hen 
dynamic responses to single-bolus injection of verap 
are largely dissipated in 10 minutes after intrave 
drug administration. Therefore, it is likely that in 
monsen’s study, hemodynamic variables were meas 
at a time when changes were minimal. This possil 

is further supported by the fact that the changes 
systemic hemodynamics were much smaller than th 
observed in our study. The alteration in systemi 
modynamic variables noted in the present study 
comparable to those previously reported by: uslé, 2 
found by others.!9 . 

Fifty percent of the lesions analyzed: showed n 
nificant change in coronary cross-sectional area 
verapamil. Failure of these segments to dilate 
a reflection of the decrease in distending pressu 
verapamil, possibly mediated by reflex. vasocons 
tion.?! However, we were unable to find any correl 
between the directional changes in coronary caliber 
the degree of reduction in aortic pressure or syster 
vascular resistance. A second explanation for vari 
in vasomobility response may reflect the greater de 
of ongoing adrenergic or calcium-mediated vaso 

ie in some patients at the time of T carding cath 




















ization. We recently showed 
lock adrenergically mediated coronary constriction.22 
A third explanation for variability in the vasodilatory 
response to verapamil may relate to the histologic as- 
pects of the coronary stenosis. In an eccentric lesion in 
which the remaining lumen is circumscribed by a rela- 
tively normal segment of arterial wall, the potential for 
vasomobility would be greater than that in a concentric 
esion, the lumen of which is surrounded entirely by 
ore rigid components of the atherosclerotic 
laque.23 
Our data show that the degree of large vessel coronary 
dilatation induced by verapamil is relatively mild and 
perhaps only appreciated in our study by a computer- 
ssisted method for analysis of changes in coronary 
liber. This finding may explain the previous findings 
of Mignault,® who, using gross angiographic appear- 
ances, reported that intravenous verapamil altered the 
aliber of neither normal nor atherosclerotic coronary 
vessels. 
The observed coronary caliber changes induced by 
verapamil appeared to be relatively minor compared 
with those after nitroglycerin, although a dose-response 
relation was not examined. However, these changes with 
erapamil are of greater magnitude than those induced 
y dipyridamole, which produces only a slight nonsig- 
ficant dilation of normal and diseased coronary seg- 
ments.” Using a similar technique of computer-assisted 
nalysis of 85 coronary lesions from 57 patients with 
schemic heart disease, Brown et al,!° in our laboratory, 
ecently showed that nitroglycerin dilated normal seg- 
nents of coronary arteries by an average of 18% in 
ross-sectional area, whereas estimated stenosis flow 
esistance decreased 25% in moderately severe lesions 
ind 38% in severe lesions. However, these changes, al- 
eit from a larger data base, are of comparable magni- 
ude to those found in our study. Thus, in the resting 
tate, nitroglycerin is 2 to 3 times more potent a vaso- 
ilator of epicardial conductance vessels than verapa- 
il. Relatively mild coronary vasodilator effects using 
a similar, but not identical, computer-assisted technique 
re recently described for nifepidine.2° However, the 
observations with verapamil pertain only to the coro- 
nary vessel in the basal state and do not negate the ob- 
ious clinical efficacy of verapamil and other calcium 
antagonists in vasospastic angina?®-29 where the degree 
of vasodilation could be greater. Furthermore, evidence 
is accumulating that a major role for calcium antago- 
ists lies in the prevention of coronary artery spasm 
ociated with Prinzmetal’s angina.>°3! Nifepidine was 
ently shown to exert a selective antivasoconstrictor 
in the coronary vasculature by preventing ab- 
hemodynamic coronary changes due to the cold 
ssor test.°? In human studies using quantitative 
‘onary angiography, intravenous verapamil inhibited 
oth sympathetic and ergonovine-induced coronary 
asoconstriction in diseased human coronary arte- 
ries,?? 
Clinical implications: Although data from intra- 
venous studies cannot always be extrapolated directly 
to the clinical contexts in which calcium antagonists are 
















permit some inferences, Verapamil reduces coronary _ 
“vascular resistance while producing an increase, albeit _ 


that verapamil is able to 


being used to alleviate myocardial ischemia, our data 








small, in lumen cross-sectional area of both diseased and 
“normal” coronary vessels. These findings, in addition — 
to the recent observation that verapamil reverses both ~. 
sympathetically mediated as well as ergonovine-induced _ 
coronary vasoconstriction,?? provide the physiologic 
basis for the drug’s salutary effects in Prinzmetal’s and _ 
other vasospastic ischemic syndromes. In chronic stable < 
angina, the mechanism of the beneficial action is less _ 
clear and unlike that of beta-blocking agents, not ex- 
plainable solely on the basis of changes in the gross in- 
dexes of myocardial oxygen consumption.3? Our data’ 
suggest that stenosis dilatation as a contributing. 
mechanism cannot be discounted. 
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It may be that there are areas of wisdom that he did 
not penetrate: but | am more interested in trying to 
understand the wisdom he possessed than to define 
its limitations. [When a man is a good deal wiser than 
oneself, one does not complain that he is no wiser 


than he is. ] 


T. S. Eliot, “Goethe as the Sage” 








Thirty patients with chronic stable angina pectoris 
ere randomized in a double-blind prospective 
placebo-controlled crossover trial to assess the 
ficacy of nifedipine (30 to 60 mg/day orally) in 
introlling symptoms and objective signs of myo- 
cardial ischemia using a symptom-limited treadmill 
ercise test. Adverse effects that occurred during 
th nifedipine and placebo treatment were minor 
and generally well tolerated. Twenty-three patients 
ere analyzed from the crossover phase of the 
udy. Nifedipine significantly reduced the frequency 
of angina by 55% and nitroglycerin consumption by 
%, and increased exercise time by 34%. These 
anges were significantly greater than those in the 
placebo group. Hemodynamic evaluation. during 
ercise revealed a significant reduction in systolic 


seta-receptor blocking agents and nitrates are presently 
he mainstays of treatment for symptomatic coronary 
ery disease. Nifedipine is a relatively new agent. It 
es not cause bronchospasm or myocardial depression, 
h of which are major adverse effects of beta-receptor 
lockers and limit their use in certain clinical situations. 
Nifedipine and nitrates, albeit similar in mechanisms 
f action, differ greatly in that nifedipine has little effect 
1 preload.! 

Despite enthusiastic acceptance of nifedipine by 
nicians, there has been no completed long-term pla- 
-controlled crossover study to date. Preliminary 
-blind studies including some multicenter trials 
r nifedipine in patients with angina pectoris have 
nstrated promising results.2-7 The present study 
ndomized, prospective, double-blind, placebo- 

















the Departments of Medicine and‘Pharmacology, Boston Uni- 
ity School-of Medicine, and the Department of Cardiology and 
horndike Memorial Laboratory, Boston City Hospital, Boston, Mas- 
ichusetts. Manuscript received August 27, 1982; revised manuscript 
ceived December 1; 1982, accepted December 6, 1982. 

Address for reprints: Chang-seng: Liang, MD, PhD, University: of 









lifedipine i in Chronic Stable Angina: A Double-Blind 
acebo-Controlled Crossover Trial 


‘purpose was to assess the efficacy of the nifedipine i 
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and diastolic blood pressures in the nifedipine group 

at the onset of angina and at maximal exercise 
without significant differences in heart rate re- 
sponses in the nifedipine and placebo groups. The 
pressure-rate product during submaximal exercise 
was significantly smaller in the nifedipine group than — 
in the placebo group, but did not differ significantly __ 
in the 2 groups at the onset of angina or on maximal __ 
exercise. Furthermore, S-T segment depressions. 
that occurred during exercise at the same pres 
sure-rate products were smaller in the nifedipin 
period than in the placebo period. Thus, it appear 
that the antianginal effects of nifedipine are caused. 
by a reduced myocardial oxygen demand for ; 
specific work load and possibly by an increased a 
blood supply to ischemic myocardium. ee 











controlled crossover trial from a single center. i 









reducing both subjective and objective signs of m 
cardial ischemia in symptomatic patients with ch 
stable angina pectoris. A 












Methods 


Thirty patients were included in the study. All hada isto 
of angina pectoris characterized by chest pain, chest pi 
or distress, usually brought. on by exertion or emotional s 
and relieved by nitroglycerin, rest, or removal of 
stress. Thesé symptoms had been stable without 
cardial infarction for at least 6 months. All p: 
least 5 episodes/week of angina pectoris or ha 
of angina/week but exhibited >0.2 mV of 
downsloped S-T segment depression during ©: 
nary artery disease was confirmed by at leas 
lowing: (1) coronary angiography showing 2 
narrowing of 21 major coronary arteries, (2) di 
of a prior transmural myocardial infarction, (8) de 
of typical angina pectoris during exercise stress 
ciated with ischemic electrocardiographic changes. 
tients with stable angina who had undergone aort 
bypass surgery 3 anc 








































TREADMILL. 
EXERCISE: 














: 1. The weeks during which 
received either: placebo or 
ine. During the titration phase 
ks 3 to 6), the optimal dose of ni- 
dipine was established which was 
ter given during the double-blind 
the study (weeks 8 to 13 or 
0). Patients were crossed 
fedipine to placebo or 
bo to nifedipine during the second 
f the double-blind phase (weeks 15 
20) after a single-blind placebo 
week, Exercise treadmill tests. were 
performed at specific times denoted by 
arrows. 
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trates or beta-receptor blocking agents at least 1 week before 
tering the study. Two patients who had received quinidine, 
procainamide, and 2-disopyramide for ventricular ar- 
ythmias before the study continued receiving the mainte- 
ance therapy. Sixteen patients continued receiving main- 
ance doses of thiazide diuretics (n = 13) and furosemide 
), and appropriate doses of potassium supplements to 
nt hypokalemia. Three of the patients taking diuretics 
seived maintenance doses of alpha- methyldopa for 
rol of hypertension. Seven patients continued receiving 
goxin therapy. None of the patients included had uncon- 
lled congestive heart failure, forms of heart disease con- 
d to result from causes other than atherosclerotic cor- 
lisease, unstable cardiac arrhythmias, cerebral vascular 
ufficiency, uncontrolled hypertension, serious hepatic, 
I, and hematopoietic diseases, or concomitant disorders 
ymptoms that could be confused with angina. 
he study design consisted of 3 phases (Fig. 1). Initially, all 
ts underwent a baseline phase during which no long- 
tianginal medications were used. During this time, 
vas taken in a’single-blind manner. Thereafter, there 
eek single-blind titration phase during which ni- 
as administered orally at either 10 or 20 mg 3 times 
rmine the optimal dosage for each patient. This 
wed by a 14-week randomized double-blind crossover 
sisting of two 6-week drug periods with 1-week 
ashout periods before each 6-week drug period. The 
d nifedipine. capsules were identical in appear- 




















































ill exercise testing (12 leads) was done using a 
d Balke’s procotol,® in which patients were exercised 
mill with stages of 3 minutes each, initially at 2.0 
3% grade followed by an increase in speed to 3.3 
rade. The treadmill speed was held constant 
h incremental increases of grade by 3% during 
stages. During exercise, times were recorded 
‘ina and maximal exercise tolerance which 
igina pain of moderately severe intensity 
vint). In addition, exercise tests were termi- 
f the following were observed: severe shortness 
ificant decrease in systolic blood pressure, or 
None of the patients developed significant 
rrhythmia during exercise that necessitated 
the study. Measurements of heart rate, arterial 
by an. arm cuff sphygmomanometer, and S-T 
ere taken every minute during exercise. 
and heart rate were multiplied to 
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WEEKS 


minute of exercise was derived using approximate total b 
oxygen consumption® and expressed in METs. One ME 
the energy expenditure at rest, equivalent to approximat 
3.5 ml of oxygen/kg body weight/min. The total work pe 
mance achieved at the onset of angina and maximal ex 
was computed by summing the work performed : atea 
ute of exercise until the specified times. All exercise te 
done 2 hours after intake of nifedipine or placebo, and. 
3 hours after meals, No patient took nitroglycerin wit 
hours before treadmill exercise. Exercise testing was do 
the end of weeks 1 and 2. Patients were allowed to conti 
in the study if exercise times. in the 2 baseline beatings w 
discordant by <15%. 

At the start’of the third week, nifedipine was given single 
blinded at a dosage of 10 mg every 8 hours for 2 weeks (week 
3 and 4) and increased to 20 mg every 8 hours, if tolerated 
the next 2 weeks (weeks 5 and 6). Exercise testing was r 
peated at the end of weeks 4 and 6. The optimal nifedipin 
dosage was determined by the highest dose tolerated withow 
signs or symptoms related to significant. blood pressure rı 
duction, deterioration of myocardial function, or laborator 
evidence suggesting adverse effects upon renal, hepatic, o 
hematopoietic systems.. 

All patients received placebo during the seventh week: Fro 
weeks 8 through 13, patients were given their optimal dose 
nifedipine or placebo in a randomized, double-blind ma 
followed by a week of placebo. Thereafter, from. 
through 20, patients were crossed-over double-blin: 
nifedipine or placebo. Patients who had increasing frequ 
of chest pain.during the initial leg of the crossover period co 
be entered early into the next leg. Exercise tests were d 
the end of the second week and the last week of each leg duri 
the double-blind period. 

In addition to exercise testing, patients kept a diary 
anginal attacks as well as total nitroglycerin tablets. 
during each phase. All patients were periodically exar 
and tested for observed or laboratory evidence of adver 
fects. : 
Results are expressed as mean + standard error. The 
centage of difference from baseline values during the single 
blind:titration phase and double-blind crossover phase \ we 
compared using the Student’s £ test for paired comparis« 
Because the exercise time was reproducible with a coeffi 
of variation of 7.7% for the 2 treadmill testings during ea 
of the double-blind crossover period, the 2 exerci: 
surements for each leg were averaged, The crosso 
were Assessed using ee of variance for repeated 
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“EEINifedipine #p<0.05 


Placebo 





Anginal Attacks/wk 
(n=20) 


Nitroglycerin Used/wk 
(n=19) 


FIGURE 2. Changes in frequency of angina and nitroglycerin. con- 
umption from baseline by nifedipine and placebo during the double- 

ind crossover phase. Values are mean + standard error. Asterisks 
indicate values that differ from placebo at p <0.05, as determined by 
Student’ s.t test for paired comparisons. 


















specific pressure-rate products were determined from re- 
gression analyses for each patient. The values were then av- 
raged for both treatment groups and compared using Stu- 
nt’s t tests. The incidence of adverse effects in the 2 treat- 
nent groups was compared using a chi-square test. Values are 
considered statistically significant if p <0.05. 





Results 


Thirty patients, 19 men and 11 women aged 43 to 70 
years, were randomized to the nifedipine- placebo 
ossover study. No patient had serious cardiovascular 
mplications, prolonged bed rest, or hospitalization. 

ven patients, however, were excluded from the 
ossover statistical analyses. Three were excluded 
because of early termination during the titration phase 
eto headache, loss in follow-up, and uneasiness in 
participating i in the research protocol, respectively. Two 
patients were prematurely crossed-over because of in- 
easing frequency of chest pain during the initial 
placebo) leg of the double-blind phase. These patients 
ubsequently improved during the second leg of the 
udy when they received nifedipine. One patient was 
dre pped from the final (placebo) leg of the double-blind 
yssover phase because of increasing chest pain. One 
it was excluded from analysis because of incom- 
ata collection. When data were not available from 
patients, the number of subjects analyzed are in- 
.d in parentheses. 

nal episodes and nitroglycerin consumption: 
fedipine significantly decreased the frequency of 
nal attacks during the low-dose (30 mg/day) and 
-dose (60 mg/day) titration phases. Anginal attacks 
significantly decreased from 4.4 + 0.7 before treatment 
2.8 + 0.5/week during the lower dosage (n = 25), and 
m 5.0 + 0.8 to 2.7 + 0.5/week with the higher dose (n 
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se Time, Work Performance, andS-T = — 
egr nent Depression During Treadmill Exercise : a 








Placebo Nifedipine |. 
Time (secorids) P 
Onset of angina 274421 319 + 25° i 
Maximal exercise 440 + 43 490 + 48" 
Work performance 
achieved (METs) 
Onset of angina 17.5 £ 2.3 22.3 + 2.8": 
Maximal exercise 38.2 + 6.6 45.3 + 7.4* 
S-T segment depression (mV) 
` Onset of angina _ 0.11 + 0.02 n 09 + 0.02 
Maximal exercise 0.18 + 0.02 .14 + 0.02* 
Values are mean + standard error. N = 17 for data obtained at ame 


onset of angina and n = 23 for maximal exercise. 
* Values that differ from the placebo at p <0.05. 


significantly decreased from the baseline (5.1 4.1.2 | 
tablets/week) to 3.5 + 0.7 tablets/week during the _ 
low-dose titration phase and from 6.2 + 1.3 to 2:7 £0.7 
tablets/week during the high-dose phase. In addition, 
nifedipine but not placebo reduced anginal frequency _ 
and nitroglycerin use during the crossover period (Fig 









Exercise time, work performance, and ischemie 
S-T segment, response: During the titration phas 
patients had angina after 229 + 29 seconds of exer 
before receiving nifedipine, but remained free of angi 
until 276 + 36 seconds into exercise while takin 
low-dose nifedipine (n = 23). The maximal duration o! 
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FIGURE 3. Comparisons. of ischemic S-T segment 
specific pressure-rate products in the double-blind nifedi 
cebo periods (n= 17)..The values of S-T segment depr 





19). Six patients had severe headaches and could not | te k i H oi 


increased from 368 + 35 to 434 + 39 seconds (n 


he time to onset ofa angina ; and maximal exercise 
lso increased in patients receiving the high-dose ni- 
caipine. Unlike the baseline exercise testing during 
h all patients stopped exercise because of moder- 
tely severe chest pain, 6 patients did not have chest 
iin and stopped exercise because of fatigue or severe 
ortness of breath. Of the remaining 17 patients, the 
to onset of angina increased from 206 + 16 to 290 
nds. The maximal duration of exercise for all 
increased from 369 + 37 to 489 + 55 seconds. 
‘he increase in exercise tolerance was reflected in 
otal work performance achieved at the onset of angina 
hich increased significantly from 14 + 3 to 19 + 5 
METs during the low-dose nifedipine period (n = 23) 
and from 11+ 1 to 19 +:2 METs with the high dose (n 
7). ‘Total work performance achieved at maximal 
xercise also increased significantly from baseline 
uring the low-dose nifedipine (29 + 4 to 37 + 5 METs) 
id high-dose nifedipine (29 + 5 to 46 + 9 METs). 
The amount of S-T segment depression at the onset 
ngina was not significantly reduced by either the 
or the high-dose nifedipine. At maximal exercise, 
ver, S-T segment depression was significantly re- 
d by nifedipine, decreasing from 0.18 + 0.01 at 
ine to 0.15 £0.02 mV with the low-dose nifedipine, 
m.0.17 + 0.01 to 0.12 + 0.02 mV with the high 


ng the crossover period, the time to the onset of 
and the maximal duration of exercise were sig- 
ntly greater during the nifedipine period (Table 
ilarly, significantly greater work performance was 
ved at the onset of angina and at maximal exercise 
g the nifedipine period than with placebo. The S-T 
t depression at the onset of angina did not differ 
‘antly in the nifedipine and placebo periods. 
er, a significant reduction in S-T segment de- 


al changes in pressure-rate product 
double-blind. ‘nifedipine and placebo 


_ PRESSURE - RATE PRODUCT (mmHg x bpm) 


TABLE Il li ‘Exercies s Homorhmamic Values in th De 
Blind Crossover Periods =o 








Onset of angina 
Heart rate (beats/min) 
Systolic pressure (mm Hg) 
Diastolic pressure (mm Hg) 
Pressure-rate product 
(mm Hg-beats/min X 107%) 
Maximal exercise 
Heart rate (beats/min) 
Systolic pressure (mm Hi 
Diastolic pressure (mm ) 
Pressure-rate product =< 
(mm Hgbeats/min. X: 1073) 


Values are mean + standard error; n= 17. 
* Values that differ from the placebo at p <0.05... 


pression was found at maximal exercise during n 
pine treatment compared with placebo. Further 
Figure 3 shows that nifedipine was associated 
reduction in the magnitude of S-T segment depr 
during exercise-induced increases in pressi 
products. At pressure-rate products 217,500 
beats/min, the amount of S-T segment depressio 
significantly reduced by nifedipine compared 
placebo.. 

Hemodynamics during exercise: The data re 
in Table H include 17 patients whose exercise res 
was associated with typical anginal pain during 
legs of the crossover period. The resting hear 
during the nifedipine phase (79 + 3 beats/min 
slightly higher than during the placebo phase (7 
beats/min, n = 23, p = 0.044), but the heart rate 
sponse to exercise did not differ in the 2 phases. 
lack of differences was noted both at the onset of an: 
and at maximal exercise. In contrast, the systol! 
diastolic blood pressures during exercise were sign 
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f 30 patients in each treatment group. ` 
alue that differs significantly from the nifedipine at p <0.05, as 
ned by chi-square test. 


itly lower with nifedipine than with placebo both at 
onset of angina and at maximal exercise. 
Figure 4 shows that the pressure-rate product in- 
ased progressively | as exercise duration lengthened, 
nd that the increase in pressure-rate products beyond 
inutes of exercise was significantly smaller in pa- 
nts receiving nifedipine compared with placebo. The 
ressure-rate products at the onset of angina and 
1aximal exercise, however, did not differ significantly 
n the nifedipine and placebo groups (Table ID. 
hen the 6 patients who did not. experience angina 
g crossover periods were included in the analysis, 
ilar significant decreases were noted in the systolic 
astolic pressures during. nifedipine treatment 
ared with placebo. Likewise, the maximal exercise 
ssure-rate product during nifedipine treatment 
045 + 1,128 mm Hg-beats/min) was not significantly 
ferent from placebo (23,196 + 1,224 mm Hg-beats/ 
in). 
Adverse effects: Adverse effects observed in the 
y were minor and were well tolerated by the pa- 
nts (Table III). They were present in 16 of the 30 
ients studied, 6 of whom were receiving placebo 
en the adverse effects occurred. No untoward effects 
re reflected by laboratory data. The most common 
erse effects were headaches, lack of energy, and 
arious gastrointestinal symptoms including nausea or 
miting, diarrhea, and flatulence. Lack of energy was 
most common complaint of patients receiving pla- 
10. Dizziness was equally common during nifedipine 
placebo treatment. Headaches, flushing, palpita- 
and a rash were evident only during nifedipine 
» and, with the exception of headaches, were un- 
mon. Only headaches were statistically more com- 
during the nifedipine use compared with placebo. 
causal relation between the observed adverse ef- 
and nifedipine usage, however, was not established. 
atient had peripheral edema during the study pe- 






















Discussion 
“The present study demonstrates that nifedipine 







ardial ischemia in patients with angina pectoris. 
edipine decreased frequency of anginal spisode 





é nitroglycerin. usage. This is further supported by our 


mproves both symptoms and objective signs of myo- . 
Ni- 





findings that unstable angina occurred in 3 patients _ 
while receiving placebo, In addition, exercise time until 
the onset of angina and maximal tolerated exercise was _ 
prolonged during nifedipine use compared with placebo. __, 
The ischemic S-T segment depression at given pres- 
sure-rate products during moderate to maximal toler- 
ated exercise was reduced by nifedipine compared with: - 
placebo. Some minor adverse effects occurred during _ 
both the nifedipine and placebo treatment, but were 
generally well tolerated. Headache was the only symp- 
tom that occurred more frequently during nifedipine 
than placebo. Pon 
The improvement in patients with ischemic heart 
disease who were receiving nifedipine is likely related __ 
to a favorable shift in the balance between myocardial __ 
oxygen supply and demand. Angina pectoris is thought __ 
to be inducible when a mismatch develops between _ 
myocardial oxygen supply and demand for oxygen 
during aerobic cardiac metabolism.!° Our results show —_ 
that nifedipine, in comparison with placebo, causes a 
significant decrease in systolic and diastolic arterial 
pressure due to its vasodilatory effect upon the systemie 
circulation, without differences in heart rate during 
exercise. This decrease in systolic blood pressure was 
reflected in a lower pressure-rate product during exer- 
cise when patients were taking nifedipine. Since th 
pressure-rate product is known to correlate closely wit 
myocardial oxygen consumption during exercise 
patients with ischemic heart disease,!!\!2 a reduction i 
the product would imply less myocardial oxygen con 
sumption due to a reduction in oxygen demand. Th 
it appears likely that the blunted response of the systo 
blood pressure during exercise is responsible, at leas 
in part, for the longer exertional period that lapses. 
fore the pressure-rate product anginal threshold 
reached, Since angina occurs reproducibly at specifi 
pressure-rate products for a given patient, the pres- 
sure-rate products are similar with nifedipine and pl 
cebo at the onset of angina.!3 
Alternatively, nifedipine may favorably affect myo 
cardial oxygen supply by enhancement of coro: 
to ischemic regions. Nifedipine is known to be a dir 
coronary vasodilator.!4}5 It has also been shown to 
produce sustained increases in collateral flow 
ischemia in animal studies,}*!7 and may induce 
tective collateralization during chronic isch 
Recently, it has been shown that in patients w 
nary artery disease, nifedipine increases reg 
cardial blood flow supplied by vessels with 
coronary obstruction. 19 However, these st 
done with patients in the resting nonischem 
and most patients were maintained with pro 
Similarly, during experimental myocardial i 
intracoronary nifedipine resulted in increase 
blood flow at moderate reductions in coronar 
pressure.” Our finding that nifedipine was a 
with a.reduction in the ischemic S-T segmen 
sion at given pressure-rate products duri 
to maximal exertion compared s W 




















































































; ae a given work load a its vasodilator ef- 
ts upon the a periparn Lobel ime and, in addition, 


ng sen in pees pa nts eraa during 
eceptor blockade in which a reduction in the 
pressure-rate product is predominantly attributed to 
a slowing of heart rate with some contribution due to a 
_ diminution in systolic pressure.?!-?* The mechanism by 
wh ch nifedipine benefits the signs and symptoms of 
angina pectoris will require invasive hemodynamic 
lies for validation, 
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RT KOCHSIEK, MD 


e effect of intravenous and intracoronary nifedi- 
On coronary sinus blood flow, coronary vascular 
stance, and myocardial oxygen consumption 
as studied in 20 patients with coronary artery 
ase. An intravenous infusion of 1.0 mg nifedipine 
resulted in a decrease in mean aortic pressure, an 
ease in heart rate and coronary blood flow, and 
significant change in myocardial oxygen con- 
mption. In contrast, the intracoronary injection of 
mg nifedipine led to a moderate reduction in 
n aortic pressure, no change in heart rate, an 
srease in coronary blood flow, and a significant 
duction in myocardial oxygen consumption. During 


ect of Intravenous and Intracoronary Nifedipine on 
ronary Blood Flow and Myocardial Oxygen Consumption 





ER SCHANZENBACHER, MD, GERHART LIEBAU, MD, PETER DEEG, MD, and 


rapid atrial pacing before and approximately. 6 ae 
minutes after the intracoronary nifedipine injection, _ 
coronary blood flow and myocardial oxygen con- 

sumption reached identical levels. Thus, only in- 
tracoronary injection of nifedipine increases cor 
nary flow in the presence of reduced myocardia 
oxygen consumption. After intravenous adminis- | 
tration, reflex tachycardia counteracts the direct 
myocardial effect of nifedipine and the potentia 
oxygen-saving effect of afterload reduction. There 
is no evidence of a prolonged oxygen-sparing effect 
after cessation of the immediate effects. — 
































sdipine is increasingly being used in the treatment 
ingina pectoris.!-4 Based on experimental studies, 
fedipine is believed to inhibit calcium ion influx across 
uscle cell membranes.” In vascular smooth muscle, 
his results in relaxation with subsequent vasodilation. 
diac muscle, there is less contraction and a nega- 
e inotropic effect.°.6 The following mechanisms might 
erefore contribute to the antianginal properties of 
edipine: (1) a reduction in myocardial oxygen con- 
mption by a direct myocardial effect, (2) a decreased 
cardial oxygen demand due to afterload reduction 
Iting from the dilation of peripheral resistance 





bsequent improved oxygen supply due to coronary 
ilation. These effects have never been verified in 
ct resting heart in man. We therefore studied 
fect of intravenous and intracoronary nifedipine 
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sand (3) an increased coronary blood flow with — 
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on coronary sinus blood flow, coronary vascular resis 
tance, and myocardial oxygen consumption in patients 
with chronic stable angina due to coronary artery dis 
ease. 

A prolonged anti-ischemic activity of nifedipine < 
ing stress was recently reported in the absence of : 
hemodynamic function. These data suggested 
duction in myocardial oxygen requirements without a 
change i in the usual indexes of myocardial energy 
mand.’ In order to evaluate this hypothesis, coron: 
sinus blood flow and myocardial oxygen cons! 
were measured during rapid atrial pacing | 
after intracoronary nifedipine administrati 


Methods 


Patients: The study was performed on 20 patie 
and 1 woman, undergoing routine cardiac cathete 
chronic stable angina. Coronary artery disease. 
as >60% diameter reduction of 1 or more majo 
teries. Patient data are summarized in Table I 

Protocol: Drug treatment was withheld for 43 
study. Cardiac catheterization was performed wi 
in the fasting state without premedication. Righ 
sided heart catheterization, single-plane vel 











5 agnostic Data 


Age (yr) LVEDP Ci 
& Sex (mm Hg) (liters/min/m? 





Intravenous Nifedipine 

12 26 
26 

41 

2.8 

2.8 
3.5 
3.0. 

3.2 

2.7 

3:1. 











intracoronary Nifedipine 

45M 11 26 
62M 12 38. 
60M 3.1 
OSMO 34 
52M 30° 
“63M 2.9 ; 
53F 2.9 
44M 35) 


45M : 38 
: ; -Anthyp 
56M: 3.2 : l E vibes LG, ne 











= anterior aneurysm; Ant hyp = = anterior hypokinesia; CAD = coronary artery disease; Cl = cardiac index; Diff hyp = diffuse hypokin 
ion fraction; inf hyp = inferior hypokinesia; LAD = left anterior descending coronary artery; LC = left eiroumtjex artery; LVEDP = = 
end-diastolic pressure; N= normal; RC = right coronary artery. : 


MVO, (ml 0, /min) 


y= 0.0026.x = 2.79 
r= 0.73 


ation between. myocardial oxygen 
and pressure-rate product be- 
usion of 1.0. mg ni- 











BLE We _Response to Intravenous Nifedipine k ; EE l Eog 
a7 CSBF CVR MVO? Pa HR BPXHR 

 (mi/min) (mm Hg/mi/min) (ml Oo/min) (mm Hg) (beats/min) (mm Hg/min): 
131+ 53 0.96 + 0.40 17.1467 107 + 10 744 12 11,932 + 2,426 






































186 + 697 0.54 + 0.197 16.5 + 6.3 89.4 107 88 + 147 11,271 2,472 
154 + 61t 0:72 + 0.278 15.7 + 7.0 99 + 107 81+ 145 11,703 + 2,576. 

124 + 53 0.89 + 0.32 16.0 + 7:0 97 + 108 76 + 14 11,167 + 2,475: 

127 + 47 1.00 +0.41 16.0 + 7.1 102 + 103 75 +13 11,825 + 2,802 | 


nine oan aeaa e a a ahai a nia e a E 
BPX HR = peak systolic pressure times heart rate; CSBF = coronary blood flow; CVR = coronary vascular resistance; HR = heart rate; Wve 
ocardial oxygen consumption; Pao = mean aortic pressure; R = at rest. 
\ musa anor travenous nifedipine infusion. 


nos. 
y = 0.01. 





trodes (type CCS- 7U-90B, Wilton Webster Laboratories, Coronary sinus flow and the corresponding oxygen saturations a 
dena, California) was inserted from the right antecubital were measured immediately after the infusion and after 4,6, . 
“and placed in the- coronary sinus so that the external and 12 minutes. Heart rate and aortic pressure were contin- _ 
ermistor was about 2 to 3 cm inside the coronary sinus. uously monitored. 3 
theter positions were frequently: documented on videotape The second group of 10 patients received intracoronary 
roughout the study. Changes in catheter position could nifedipine. Coronary sinus flow and myocardial oxygen con-. 
erefore be ruled out. There was at least a 15-minute interval sumption were again determined at rest. The patients were — 
tween the last injection of contrast medium for diagnostic then paced beyond the angina pectoris threshold-or untila ~~ 
naty angiography and coronary sinus flow measure- frequency-dependent atrioventricular block appeared. The 
mean pacing rate was 118 + 6 beats/min. Right atrial pressure — 
ië effect of intravenous nifedipine was studied on the first did not change during pacing. Coronary sinus reflux could 
tients. Coronary sinus blood flow and myocardial oxygen therefore be excluded.® After determining coronary sinus flow — 
umption were determined at rest. One mg of nifedipine and myocardial oxygen consumption, there was a brie 
10 ml solution was continuously infused within 2 minutes. covery period for the heart rate to return to basal. levels 
: Thereafter, 0.1 mg nifedipine was injected into the left coro- 
nary artery within 10 seconds and coronary sinus flow anc 
myocardial oxygen consumption were measured after 1, 3, 
5 minutes. Patients were then paced with their individua 
; preinjection pacing rates and coronary sinus flow anc 
CSBF (ml/min) cardial oxygen consumption measurements repeated: 
300 Calculations: Coronary sinus blood flow was measured 
the constant infusion thermodilution technique.? Arterial and 
coronary sinus blood samples were simultaneously drawn fo 
the determination of oxygen saturation and content. Oxyg 
saturation was measured using an AO-Oximeter (Amel 
Optical, Bedford, Massachusetts). The coronary arterioven 
oxygen difference (AVO») was calculated as follow: 
(SAQ» —SCSOz») X 1.34 x Hb, where SAO- = arte 
saturation, SSO; = coronary sinus blood oxygen satura 
1.34 = oxygen carrying capacity of hemoglobin, and Hb 
hemoglobin concentration. Myocardial oxygen consump 
was calculated as the product of coronary sinus blood 
the coronary arteriovenous oxygen difference. 
vascular resistance was derived from the ratio o 
pressure to coronary sinus blood flow. 













































Results 


Intravenous nifedipine: Coronary | sin 
increased from 131 + 53 to 186 + 69 ml/n 
pleting the infusion of 1.0 mg nifedipin 
Coronary vascular resistance decreased fro: 
to 0.54 + 0.19 mm Hg/ml/min (p <0.001) 
pressure decreased from 107 + 10 to 89 
(p <0,001) and the heart rate increase 
88 + 14 beats/min o <0. 0-01), Sixm 
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FIGURE 3. Coronary vascular resistance (CVR) before (R) and 1 minute 
after the intracoronary injection of 0.1 mg of nifedipine (N). 


sumption decreased slightly from 17.1 + 6.7 to 16.5 + 
6.3 ml O2/min (p <0.3). There were no significant 
changes in the rate-pressure product. Mean values are 
shown in Table II. There was a linear correlation be- 
tween myocardial oxygen consumption and the rate- 
pressure product (r = 0.73, Fig. 1). 

Intracoronary nifedipine: One minute after the 
intracoronary injection of 0.1 mg nifedipine, coronary 
sinus blood flow increased from 115 + 15 to 193 + 47 
ml/min (p <0.001) and coronary vascular resistance 
decreased from 0.92 + 0.16 to 0.54 + 0.12 mm Hg/ml/ 
min (p <0.001). A reduction in coronary vascular re- 
sistance with a subsequent increase in flow occurred in 
all patients studied (Fig. 2 and 3). 

Intracoronary injection led to a significant reduction 
in myocardial oxygen consumption (from a mean of 14.6 
+ 2.6 to 11.7 + 2.8 ml O/min, p <0.05, Fig. 4). This was 
accompanied by a decrease in mean aortic pressure from 
197 + 5 to 99 + 3mm Hg (p <0.01). There were no sig- 
nificant changes in heart rate (72 + 9 versus 74 + 12 
beats/min). In 6 of 10 patients, coronary sinus blood 
flow and myocardial oxygen consumption had returned 
to resting values 3 minutes after the intracoronary in- 
jection. After 5 minutes, coronary flow (113 + 18 ml/ 
min) and myocardial oxygen consumption (14.9 + 3.1 
ml O/min) stabilized at preinjection levels. Mean aortic 


__ pressure was not significantly different from control 


ETS 


values after 3 (108 + 6 mm Hg) and 5 minutes (108 + 13 
mm Hg). 

Atrial pacing: During rapid atrial pacing (mean rate 
118 + 6 beats/min), coronary sinus blood flow and 
myocardial oxygen consumption increased to 172 + 62 
ml/min and 19.8 + 5.0 ml O/min, respectively. Similar 
coronary sinus flow (177 + 69 ml/min) and myocardial 
oxygen Consumption values (20.6 + 7.3 ml O2/min) were 
epsained when the patients were paced at their indi- 
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FIGURE 4. Myocardial oxygen consumption (MVOz) before (R) and 1 — 
minute after the intracoronary injection of 0.1 mg of nifedipine (N). 


vidual preinjection pacing rates approximately 6 min- 
utes after the intracoronary nifedipine administration 
(Fig. 5 and 6). There were no differences in the mean 
aortic pressure during the 2 pacing periods (108 + 6 
versus 109 + 7 mm Hg). 


Discussion 


Coronary effects of nifedipine: Intracoronary and 
intravenous nifedipine resulted in a marked increase in 
coronary flow. The increase in blood flow was more 
pronounced after the intracoronary injection of 0.1 mg 
nifedipine than after the intravenous infusion of 1.0 mg — 
(a mean of 70 versus 44%). Both intravenous and in- 
tracoronary nifedipine reduced coronary vascular re- 
sistance to almost the same level. Differences in flow are 
due to different coronary perfusion pressures. Intra- 
venous nifedipine produced a marked and sustained — 
decrease in mean aortic pressure, while intracoronary 
nifedipine only resulted in moderate and transient 
pressure changes. Since only changes in the entire left 
ventricular outflow can be detected by the thermodi- 
lution technique,!° our data do not permit an analysis 
of regional perfusion patterns or a correlation between 
individual responses to nifedipine and the severity and 
distribution of coronary arterial stenoses. 

The changes in coronary vascular resistance observed 
in this study represent the combined effect of nifedipine 
on large epicardial conductance vessels and small in- 
tramural resistance vessels. In the presence of eccentric 
stenosis, resistance in the extramural conductance 
vessels may be a combination of the luminal narrowing 
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IGURE 5. Coronary sinus blood flow (CSBF) at rest (R) and during rapid 

atrial.pacing (P) before (pre N) and about 6 minutes after the intraco- 

onary injection of 0.1 mg nifedipine (post N). Individual pacing rates 
re identical during the 2 pacing periods. 


caused by the fixed lesion and the degree of coronary 
artery constriction in the normal arterial wall opposite 
the organic lesion. Recent data indicate that the degree 
stenosis can be influenced pharmacologically. 1 This 
fect might contribute to the increase in poststenotic 
ronary blood flow after nifedipine administration. @ 
ronary flow returned to basal levels within about 5 
nutes after intracoronary nifedipine administration. 
wever; prolonged dilation of large epicardial coronary 
eries after the intracoronary injection of 0.1 mg ni- 
‘edipine has been documented by angiography. 13 This 
plies that nifedipine predominantly results in a sus- 
ined relaxation of the epicardial conductance vessels, 
iile intramural arterioles are : only transiently di- 





here were no significant changes i in myocardial oxygen 

sumption after the intravenous infusion of 1 mg of 

fedipine. The rate-pressure product, generally ac- 

ed as a reliable predictor of myocardial energy re- 

ements, !+ also did not change significantly. There 

as a linear correlation between myocardial oxygen 

2 nsumption and the double product. The potential 

_ oxygen-saving effect of nifedipine due to an afterload 

reduction’ was therefore counteracted by a reflex 
achycardia. : 

` This mechanism is potentially dangerous in patiénte 








: Nifedipine and myocardial oxygen consumption: 


with severely stenosed coronary arteries. A detrimental : 
effect of high doses of nifedipine ‘on regional myocardial 
perfusion, has been observed | in animals with subtotally ee 
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FIGURE 6. Myocardial oxygen consumption (MVO,) at rest (R) and ... 
during rapid atrial pacing (P} before (pre N) and about 6 minutes after 
the intracoronary injection of 0.1 mg of nifedipine (post N). x 


occluded coronary arteries.!5 This is explained by a 
decrease in diastolic perfusion pressure, a shortening _ 
of the diastolic perfusion time, and an exhaustion of the 
poststenotic coronary vascular reserve at basal levels. 

In contrast to this, the intracoronary injection of 0.1 
mg nifedipine resulted in a significant reduction of — 
myocardial oxygen consumption. Since intravenous _ 
injection of the same dose did not induce any hemody-. 
namic changes,’ the decrease in myocardial oxygen © 
consumption results from a direct negative inotropic = 
effect of nifedipine, which is unmasked by the absence 
of indirect peripheral effects. A higher, local co 
tration of nifedipine might also be im 
cordance with this, selective intrabypas 
patients with successful aortocoronary b 
revealed a delay in shortening in regione 
in areas directly supplied by the injected 
contraction in normally perfused area 
chang i 18: 































„induced S-T segmei 
| patients with severe nary 
after’ intracoronary | infusion of 0.1 mi 
Earlier arudies on different caleua ob 


nade AR a reduced | myocar ial | 
sumption without changes in the usua 
myo ta oxygen demand. Myorastis 
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ym utes after intracoronary injection There was no 
Ai of a 4 metabolically mediated, sustained oxy- 


e of a critical lesion.!3 It enables us to rule out 
ronary arterial spasm as the cause of acute myocardial 
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lectrocardiographic Criteria for the Diagnosis of Combined _ 
Interior Myocardial Infarction and Left Anterior Hemiblock | 


OBERT A. WARNER, MD, NORMA E. HILL, RN, SAKTI MOOKHERJEE, MD, and 
AROLD SMULYAN, MD 








w electrocardiographic (ECG) criteria for diag- nosis of inferior myocardial infarction and left an- _ 
ing the combination of inferior myocardial in- terior hemiblock are as follows: (1) leads aVR and | 
‘ction and left anterior hemiblock are proposed. aVL both end in R waves, with the peak of the ter- S 
he proposed criteria are based upon the relations minal R wave in lead aVR occurring later than the | 
between portions of the vectorcardiographic QRS peak of the terminal R wave in lead aVL, and (2)a o 
oop in the frontal plane and the corresponding Q wave of any magnitude is present in lead Il. The 
portions of the QRS complexes recorded by the limb performance of the proposed criteria was superior © 
ds. The application of the proposed criteria re- to that of 10 combinations of traditional ECG criteria 
uires that the tracings be obtained with 3-channel for inferior myocardial infarction and left anterior 
CG machines. The proposed criteria for the diag- hemiblock. Se 








‘he diagnosis of the combination of inferior myocardial clockwise rotation of the initial portion, followed b = 
farction and left anterior hemiblock is difficult when counterclockwise rotation of the terminal portion. 
ditional methods of electrocardiographic (ECG) QRS loop in the frontal plane.!-6 























lysis are used. However, several groups of investi- In the present study, new electrocardinern 

ors have shown the vectorcardiogram to be more teria for diagnosing inferior myocardial infarct 

able than the electrocardiogram for this purpose. 1€ left anterior hemiblock are described. The pro 

s is because each of the 2 abnormalities is associated criteria are based upon the relations betwee: n the lif 





ith a characteristically different contour of the vec- > leads of the scalar electrocardiogram and the 
rcardiographic (VCG) QRS loop in the frontal plane. in the frontal plane and permit important 
ereas both inferior myocardial infarction and left the contour of the VCG loop to be infe 

rior hemiblock produce deviations of portions of the | electrocardiogram. Applying the pri 
op superiorly, the former results -specifically in quires that the tracings be obtained 
wise rotation of the initial forces.’-!° Since the | ECG machines, These machines, w 
er causes counterclockwise rotation of the loop, the widely used for several years, permit 
mbination of the 2 abnormalities i is manifested by temporal relations among correspond 
‘simultaneously recorded QRS complexe: 
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fan 
both. Thep patients in menon Tl were selected on the basis 

: of serial ECG changes that were obtained under clinical cir- 
cumstances in which the development of, respectively, inferior 
myocardial infarction alone, left anterior hemiblock alone, and 


Crois I: A total of 163 male patients, aged 26 to 82 years 
j hadundergone both vectorcardiography and 
catheterization at the Syracuse Veterans Adminis- 
| Medical Center between April 17, 1978 and March 1, 
were included in this group. Of these, 30 patients 
ubgroup IA) had angiographic and VCG evidence of inferior 
myocardial infarction and VCG evidence of left anterior 
< hemiblock. The 133 patients in Subgroup IB had either an- 
< giographic and VCG evidence of inferior myocardial infarction 
without left anterior hemiblock (29 patients), angiographic 
and VCG evidence of left anterior hemiblock without inferior 
myocardial infarction (53 patients), or angiographic and VCG 
evidence of the absence of both- inferior myocardial infarction 
and left anterior hemiblock (51 patients). 
< The angiographic evidence of inferior myocardial infarction 
consisted of a 275% obstruction of the dominant coronary 
ry and either asyneresis, akinesia, or dyskinesia of the 
ferior wall of the left ventricle. The VCG criteria for inferior 
vocardial infarction that were used were those of Starr et 
al These VCG criteria were chosen because they were shown 
arecent report to have the highest overall accuracy for 
diagnosing inferior myocardial infarction of 3 sets of criteria 
d. The VCG criteria used for diagnosing left anterior 
iblock were those of Benchimol et al.!! Although all of the 
patients in Group.1 also had scalar electrocardiograms ob- 
ined, the patients were assigned to either Subgroup IA or 
IB only onthe basis of their angiographic and VCG find- 


roup H; In order to confirm the high degrees of sensitivity 
and specificity exhibited by the proposed criteria when the 
ta from Group I were analyzed (see later), serial electro- 
lograms from an additional group of 185 patients (136 

d 49 women, aged 28 to 84 years) were studied. The 
Group II had been patients at 1 of the following 

Syracuse, New York between July 1, 1975 and 

982: the Veterans Administration Medical Center, 

te University Hospital, or the Crouse-Irving Memorial 


gre p ITA: This subgroup consisted of 35 patients with 
anterior myocardial infarction manifested by a typical 
istory, elevation of cardiac enzymes, and the devel- 
of S-T segment elevation and Q waves in ECG leads 
ough Va, but without concomitant S-T segment eleva- 

aves in leads II, IJI, or aVF. During the evolution 
CG changes of anterior infarction, each patient de- 
ward deviation of the frontal plane QRS axis which 
ially present. In each patient, atrioventricular 
curred in the course of the evolution of the in- 
> QRS complexes analyzed were those of supra- 
recorded after leftward deviation of the axis 
jut before they had become longer than 100 ms 
herefore, artificially paced complexes, idio- 
‘omplexes, and complexes showing right or left 

ch block were excluded. 
p HB: This subgroup consisted of 133 patients with 
ior myocardial infarction manifested by a typical 
ation of cardiac enzymes, and the development 
ionand Q waves in ECG leads II, I, and 


th concomitant appearance of S-T segment. 


leads Vi, Va Va, ot Va: In the tracings 
inferior myocardial infarction; 


none of the patients had QRS complexes in leads aV 
aVL that both ended in R waves, The electrocardi 
analyzed were those of each patient that showed the gre 
degree of leftward deviation of the frontal plane QRS axis | 
developed in the evolution of the changes of inferior m 
cardial infarction. 

Subgroup IC: This subgroup consisted of 17 pation 
met the same criteria for selection as those of Subgroup | 
except for the following: in the tracings obtained befo 
changes of inferior myocardial infarction, each of the pat 
of Subgroup IIC had QRS complexes in leads aVR 
that both ended in R waves, with the peak of the te 
wave in lead aVL preceding the peak of the terminal 
in lead aVR. : 


Collection of Data 


The vectorcardiograms were recorded using the Frank lea 
system and an Instruments for Cardiac Research model 100 
vectorcardiograph. The electrocardiograms. were recor 
using 12 standard leads and either a Marquette MAC 1 
Hewlett-Packard model 1517-A electrocardiograph at a pa 
speed of 25 mm/s. These machines use 3 channels and 
multaneously record leads I, II, and III; then leads aVR, a 
and aVF; then leads Vj, Vo, and V3; and finally leads V4, 
and Vg. All recordings were made at-a paper speed of 25 mr 
In order to be certain that all 3 channels were operati 
multaneously, the relative times of onset of the 1.0 mV s 
dardization marks were inspected. If the times of onset 
standardization marks were not identical, a correction for 
discrepancy was made when.the QRS complexes were a 
lyzed. For example, if the standardization mark in chann 
began 10 ms before the marks in channels I and 3, the Q 
complexes in leads II and aVL were considered to have at 
ally begun 10 ms later than they appeared on the tracing 


Rationale for the Proposed Criteria 


The relations between the VCG QRS loop in the f 
plane and the scalar electrocardiogram in a typical p: 
with inferior myocardial infarction and left anterior hemib 
are shown in Figure 1. The figure shows that importa 
tures of the contour of the VCG loop can be inferred by an 
lyzing the simultaneously-recorded pairs of ECG leads. 
the basis of the illustrated relations, new ECG criter 
diagnosing inferior myocardial infarction and left ante: 
hemiblock are proposed; these are listed in Table I. 


Comparison of Electrocardiographic Criteria 


In order to provide a comprehensive basis for evaluating 
proposed criteria, the electrocardiograms were also in 
preted according to 5 sets of traditional criteria for diagno 
inferior myocardial infarction and 2 sets of traditional er 
for diagnosing left anterior hemiblock. The comparison cr 

teria for inferior myocardial infarction that were chosen 
as follows: (1) Q waves of at least 30 ms duration in lead 
HI, and aVF (2, 3, aVF criterion)’; (2) Q wave of at least 
duration in lead aVF without regard to leads IT and Il 
criterion)’; (3) the criteria of Myers et al!?; (4) the crit 
Walsh et al!8; and (5) the criteria of the New York Heart 
sociation, 4 

The comparison criteria for diagnosing left anterior hen 
block were as follows: (1) frontal plane QRS axis between. =l 
and —90° < —30° criterion; and (2) frontal plane QRS | ax 
between ~—45° and —90° < ~—45° criterion. 

Because. the electrocardiograms were interpreted | accordi 
to each of 5 sets of comparison criteria for inferior myc ar 
infarction in addition to each of 2 comparison cri 
anterior hemiblock, a total of ou combinations 
criteria were used. 











IGURE 1. Diagram of a VCG ORS loop in the frontal plane of a tracing 
hat reveals the combination of inferior infarction and left anterior 
vemiblock, with the hexaxial reference figure superimposed upon it. 
"he arrows show that the initial portion of the loop is clockwise and the 
‘minal portion is counterclockwise. The initial portion of the loop is 
jaximally represented on the negative half of the axis of lead Il before 
is maximally represented on the negative half of the axis of lead Ill. 
herefore, the nadir of the Q wave in lead Il occurs before the nadir of 
the Q wave lead Ill. if the initial clockwise portion of the VCG loop were 
o travel inferiorly and to the right for a short time before going superior 
he E point (thus still meeting the VCG criteria for inferior infarction 
f Starr et al), lead IH would begin with a small R wave rather than with 
-Q wave. In the latter case, the peak of the initial R wave in lead Ill 
ould precede the nadir of the Q wave in lead Il, The terminal portion 
f the loop is maximally represented on the positive half of the axis of 
ead aVL before it is maximally represented on the positive half of the 
xis of lead aVR. Therefore, the peak of the R wave in lead aVL occurs 
efore.the peak of the R wave in lead aVR. 


Analysis of Data 


The relative odds, that is, the odds of being a case among 
tients who have positive results relative to the odds among 
ose who have negative results, were chosen tó measure the 
liagnostic capabilities of the proposed and comparison ECG 
teria. The measurement of relative odds incorporates both 
‘sensitivity and specificity of a test and is not affected by 
he prevalence of cases in the population being evaluated. It 
s defined by the following formula: Relative odds = [(sensi- 
ivity) (specificity)|/[(1 — sensitivity) (1 — specificity)]. When 
he sensitivity and/or specificity = 1, the denominator of the 
‘xpression is assigned a value of 1. 

In-addition, for patients with discordant predictions by the 
roposed: versus traditional criteria, the hypothesis of no 


ifference in performance was evaluated by the sign test 


oe predomini < superior. “Similarly, we co 
orrected for continuity.!? In grder to control the type I error. 


: ce all P lenta with lett anterior hemiblo 








TABLE! Propose | Electrocardiograph c Criter a for the : 
Diagnosis of the Combination of Interior = 
Myocardial Infarction and Left Anterior 


Hemiblock 
1. Leads aVR and aVL both end in R waves, with the peak of 


the terminal R wave in lead aVR occurring later than the 
peak of the terminal R wave in lead aVL 


AND 
2. AQ wave of any magnitude is present in lead Il 




































for multiple tests, two-tailed p values <0.01 were taken to 
indicate statistical significance at the joint 5% level. 


Results 


The performances of the proposed and all the:com- 
binations of comparison criteria in Groups] and Ilare _ 
summarized in Table IJ. As Table H shows, the pro- - 
posed criteria were positive in all patients in Subgroups 
IA and. IIC and were negative in all patients in- 
Subgroups IB, ITA, and IIB. The comparison criteria- 
that exhibited the best diagnostic performances (as. 
indicated by having the highest values of relative odds) _ 
were the inferior myocardial infarction criteria of Walsh 
et al combined with the left anterior hemiblock criteria _ 
of < —30° and < —45°, respectively. Therefore, it was 
these 2 combinations of criteria that were chosen fora. 
more detailed comparison with the proposed criteria 
using the sign test corrected for continuity. The supe- 
riority of the proposed criteria over the Walsh et al < 

—30° and the Walsh et-al < —45° criteria is significant 2 
at the p <0.005 level in each case. 

In all of the patients with left anterior hemiblock with 
or without inferior myocardial infarction, leadsaVR and 
aVL ended in R waves and the peak of the R:wave in 
lead aVL preceded the peak of the R wave in lead aVR. — 
In all the patients with left anterior hemiblock alone, < 
the QRS complexes in both leads II and IH began with ~ 
R waves. Only when inferior myocardial infarction was 
also present did any patient with left anterior hemiblock 
have a Q wave in lead II. Of the total of 162 patients with _ 
inferior myocardial infarction alone, 161 (99%) had Q 
waves in both leads II and III and, in each instance, the 
nadir of the Q wave in lead II preceded the nadir of the 
Q wave in lead III. Of the total of 47 patients wit 
rior myocardial infarction and left anterior he 
33 (70%) also had Q waves in both leads II and 
the nadir of the Q wave in lead II precedi 
the Q wave in n lead IL, of the remainin 





















ated with omall initial R waves in lead III, wit! 
of the latter preceding the nadir of the for 
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The tabulated percentages are the sensitivities and specificities for the observed cases and noncases, respectively. 


ombination with inferior myocardial infarction, the 
minal forces of ventricular depolarization were 
ounterclockwise and superior. 


Discussion 


One reason that it is difficult to. diagnose inferior 
ocardial infarction and left anterior hemiblock using 
ditional methods of ECG analysis is that both ab- 
‘malities can result in deviation of the frontal plane 
axis to the left. Another reason is that the presence 

t anterior hemiblock commonly modifies the ECG 
festations of inferior myocardial infarction.!5§ 

is is because left anterior hemiblock tends to direct 
initial forces of ventricular depolarization inferiorly 
ay of the intact posterior fascicle.^616 Therefore, 

s the inferior myocardial infarction happens to 
ve that portion of the left ventricular myocardium 

h is activated early by the posterior fascicle, the 

lock reduces the propensity of the infarction to 

e Q waves in the inferior leads. Our data support 

ention that left anterior hemiblock tends to 

ome of the traditional manifestations of infe- 

ardial infarction. Whereas 30% of our patients 

rior myocardial infarction and left anterior 

c id not have a Q wave in lead III, only 1% 

ferior myocardial infarction alone failed to have 

wave in that lead. 

ral groups of investigators have ET the 
nce of the respective contours of the initial and 
minal portions of the VCG QRS loop in the frontal 

or diagnosing inferior myocardial infarction and 

interior hemiblock.!-® The data from the patients 

indicate that our method of analyzing the 

liogram permits us to infer the VCG findings 

ortant for making this diagnosis. The data 

Il confirm the high degrees of sensitivity 

of our criteria. Serial electrocardiograms 

ing the evolution of isolated acute anterior 

farction that show the development of left 

iation and subsequently of atrioventricular 

(Subgroup IIA) make it likely that the left axis 

-due:to left anterior hemiblock. Conversely, 

‘ith isolated inferior myocardial infarction 

) would not be expected to have left an- 

k during the evolution of acute infarc- 


ents i in Subgroup IA and 1 none of the 


patients i in Subgroup IIB developed terminal R: wat 
in both leads aVR and aVL with the peak of the R 

in aVL preceding the peak of the R wave in lead aV 
We therefore used this set of findings in leads aVR a 
aVL asa marker of left anterior hemiblock. In a re 
study of left anterior hemiblock unassociated wit 
ferior myocardial infarction, our group used data 
the same patients who comprise Subgroups IIA and 
of the present study in addition to other data to sh 
that the above marker of left anterior hemiblock was 
also produced by other conditions reported to leat 
false-positive diagnoses of left: anterior hemib 
namely isolated inferior. myocardial infarction, 
ventricular enlargement, alteration of the position 
the heart within the thorax, or pulmonary emp. 


ECG criteria for inferior myocardial infarction, de 
onstrated the diagnostic importance of the “cont 
information” provided by the vectorcardiogram.” 9 
findings of the present study show that this “cont 
information” can also be obtained from the elect 
cardiogram. Our group has used similar principle: 
analysis to develop new ECG criteria for diagnos 
inferior myocardial infarction in the absence of le 
anterior hemiblock.!® 

We evaluated the performance of the proposed 
teria for inferior myocardial infarction and left an 
hemiblock using electrocardiograms that were recorde 
at standard paper speed and without: comparing i 
electrocardiograms with tracings obtained previou 
from the same patients. The proposed ECG criter 
duplicate the performance of the vectorcardiogram fi 
detecting inferior myocardial infarction and left ant 
hemiblock and therefore permit this diagnosis to 
made reliably even when the vectorcardiogram 
readily available. 
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‘YW one for each patientin the U.S. 
who has been treated with 
Slow-K* 

No other slow-release 
potassium comes near that 
record of experience. 


® 


Slow- 


potassium chloride 
slow-release tablets s mEq 


Slow-release potassium chloride preparations 
should be reserved for patients who cannot toler- 
ate, refuse to take or have compliance problems 
with liquid or effervescent potassium prepara- 
tions, because of reports of intestinal and gastric 
ulceration and bleeding with slow-release KCI 
preparations. 





4 fe “Based on courses of therapy through 1981 
z Data on file, CIBA Pharmaceutical Company. 
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DESCRIPTION . 
Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chioride (equivalent to 8 mpg) in a wax matrix. This formulation is intended 
to provide a controlled release of potassium from the matrix to minimize the 
likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 

INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, 
THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 
CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EFFERVESCENT 
POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A 
PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 
2. For prevention of potassium depletion when the dietary intake of potassium is 
inadequate in the following conditions: Patients receiving digitalis and diuretics 
for congestive heart failure; hepatic cirrhosis with ascites: states of aldosterone 
excess with normal renal function; potassium-losing nephropathy, and certain 
diarrheal states. 
3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a normal 
dietary pattern. Serum potassium should be checked periodically, however, and, 
it hypokalemia occurs, dietary supplementation with potassium-containing 
foods may be adequate to control milder cases. In more severe cases supple- 
mentation with potassium salts may be indicated. 
CONTRAINDICATIONS 
Potassium supplements are contraindicated in patients with hyperkalemia since 
a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
tions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insuffi- 
ciency, or the administration of a potassium-sparing diuretic (eg, spironolactone, 
triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcera- 

Hon in certain cardiac patients with esophageal compression due to an enlarged 

eft atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
_ patient in whom there is cause for arrest or delay in tablet passage through the 
gastrointestinal tract. In these instances, potassium supplementation should be 

with a liquid preparation 

WARNINGS 

ia: In patients with impaired mechanisms for excreting potassium 
the administration of potassium salts can produce hyperkalemia and cardiac 
arrest, This occurs most commonly in patients given potassium by the intra- 
bathe o but may eat oanu in tien potassium orally. Potentially You MUST include your ZIP code. Post Office rules 

t yperkalemia can develop rapidly and be asymptomatic. i i 
-The use of potassium salts in patients with chronic renal disease, or any other will not permit us to send your magazine to you 
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WANT FASTER SERVICE? 
If you . . . Change your Address? 
. . . Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL 
BELOW 


AFFIX LABEL 


If you have a new address please print it below. 


_ monitoring of the serum potassium concentration and appropriate dosage 
adjustment. 
Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be treated 
by the concomitant administration of potassium salts and a potassium-sparing 
diuretic (eg, spironolactone or triamterene), since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
-and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
tapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or pao. Slow-K is a wax-matrix tablet formulated 
to provide a controlled rate of release of potassium chloride and thus to minimize 
the possibility of a high local concentration of potassium ion near the bowel wall 
While the reported frequency of small-bowel lesions is much less with wax-matrix 
tablets (less than one per 100,000 patient-years) than with enteric-coated 
_ potassium chloride tablets (40-50 per 100,000 patient-years) cases associated 
with wax-matrix tablets have been reported both in foreign countries and in the 
United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of 
upper gastrointestinal bleeding associated with these products, The total num- 
ber of gastrointestinal lesions remains approximately one per 100,000 patient- 
years. Slow-K should be discontinued immediately and the possibility of bowel 
obstruction or perforation considered if severe vomiting, abdominal pain, disten- 
tion, or gastrointestinal bleeding occurs. 
lic acidosis: Hypokalemia in patients with metabolic acidosis should be 
‘treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 
PRECAUTIONS 
The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potas- 
sium depletion. In interpreting the serum potassium level, the physician should 
bear in mind that acute alkalosis per se can produce hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of a 
reduced total body potassium. The treatment of potassium depletion, particularly 
in the presence of cardiac disease, renal disease, or acidosis, requires careful 
attention to acid-base balance and appropriate monitoring of serum electrolytes, 
__ the electrocardiogram, and the clinical status of the patient. 
ADVERSE REACTIONS 
__ The most common adverse reactions to oral potassium salts are nausea, vomit- 
ing, abdominal discomfort, and diarrhea. These symptoms are due to irritation of 
the gastrointestinal tract and are best managed by diluting the preparation 
further, taking the dose with meals, or reducing the dose. 
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One of the most severe adverse effects is hyperkalemia (see Contraindications, > 
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Warnings and Overdosage) Thar ang have paer vaporii g upper ano Pror l American Journal of Cardiology 
astrointestinal conditions includin struction, bleeding, ulceration and per- : i é 
Beaton (see Contraindications and Warnings); other factors known to be associ- l Dun-Donnelley Publishing Corpor: ation P s sog 
_ ated with such conditions were present in many of these patients. Skin rash has I Yorke Medical Journals eee 
DOSAGE AND ADMINISTRATION l Circulation Department fai 
_ The usual dietary intake of potassium by the erage adult is 40 to 80 mEq per l 875 Third Ave., N.Y., N.Y. 10022 A 
_ day. Potassium depletion sufficient to cause hypokalemia usually requires the , 
__ loss of 200 or more mEq of potassium from the total body store. Dosage must be l ; l 5 A ý 
adjusted to the individual needs of each patient but is typically in the range of aa 8 | 
20 mEq per day for the prevention of hypokalemia to 40-100 mEq per day or more a aw 
-for the treatment of potassium depletion ‘ A 


Note: Slow-K slow-release tablets must be swallowed whole and never crushed 
or chewed. C82-58 (Rew 1/83) 
Consult complete product literature betore prescribing. 


128-596 2-A ic 


Busan a CIBA GE GY Comoran i ae Pak 
ivision of a orporat: 5 į i 
Summit, New Jersey 07901 ; © I B A A 





g 


EE RTS, E SENE T: y Aes me 2 
Silt Sey clu ici, EEN IT EE EVS lt OA RET 





pi 76 i > y iat a AA 3 A'R aa 4 4 
Wars se ON Aan SS lA ca My ii alee 


Look Closely: 





ELA Medical’s little differences 
add up to very big advantages. 


ou may have to look closely at ELA’s small, light and easy to use. At the touch of 
fultilith Pacing System to discover its unique a button, you can simultaneously program 
Svantages. But once you do, the differences and interrogate pacemaker parameters. 
etween Multilith and other pacing systems 
“ill be quite clear. 


he ELA difference starts with a tiny micro- 
omputer that helps make two-way tele- 
ietric programming reliable, quick and 
mple. Fully contained within the gener- 
tor’s circuitry, this microprocessor 
rovides you with all the necessary 
rogramming parameters you need 
ər efficient pacing. 








Isn't it time you took a closer 
look at the Multilith System? 
Because in pacing, it’s the 
little differences that add 

up to big advantages for 
both you and your patients. 


@[]@medical 







For more information call or write: 


ELA Medical 
3740 Williston Road 
Minnetonka, MN 55343 U.S.A. 


nother small, but important, 
fference: a lead of superior 
əsign and material. ELA’s 
awest lead combines a 
nique tine configuration 
> reduce dislodgements HN 
ith a highly bio-compat- MN a 
ile vitreous carbon tip er) í 
at substantially decreas- 4 (612) 935-2033 
s chronic thresholds. This 

ique combination, available 


ly from ELA, offers significant Name 
advantages over conventional platinum- 
pped and porous electrodes. Address 
ompleting the Multilith System is a tech- City, a aS ate tes rs 


ologically-advanced programmer that’s 


ad is investigational device. Not for general distribution. 
LA Medical 98/100, rue Maurice-Arnoux 92120 Montrouge France 
LA Medical GmbH Langenharmer Weg 35 2000 Norderstedt Germany 
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conversion of ventricular nng: 

the patient may still be electrically: 
unstable. During this critical high ris! 
episode of VF may occur, completely i 


Good reasons to keep the VF patient ; 
on Bretylol follow-up therapy! 
1. Bretylol raises the VF threshold almost $ 
three times control, protecting the Tegn 
from fibrillation!* ts 
No other agent has this dramatic 








; i th Ne 
CaM e \. T 
ntrol of VF, should be used NY 


in the very first stages of VE -Soon as Cardiopulmonary resuscitation 
and countershock have been attempted. Bretylol not only raises 
the fibrillation threshold...it reduces the energy required 
for defibrillation’.4* Another critical difference in the 
Bretylol mechanism of action. 


That’s why it makes sense to use Bretylol to we x 
maintain stabilization in the CCU, as well as = 
in the first few minutes of acute VF episodes. uA foe 


There are no contraindications 
to the use of Bretylol in VF 
Hypotension and postural hypo- 
tension have been the most 
frequently reported adverse 
reactions. Consult brief summary 
of prescribing information on the 
following page. 

For further information, please contact the 
Medical Services Department, American 
Critical Care, a division of American Hospital 


Supply Corporation, 1600 Waukegan Road, f 
McGaw Park, IL 60085, Phone 312/473-3000. 


*based on laboratory animal studies 


And, Bretylol offers a 
acute episode, too. 
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Ther, ):159-174, 49 1978. hs Tacker, W. A., Niebauer, M h 
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1, Bacaner, M.B., Am. J. Cardiol., Mae tA ue, -512, April, 1968. 2. Cardinal, R. and Sasyniuk, B.I., J. Pharmacol. Fx, he 
C.F, Combs, W.J., Hahn, B.M., Barker, el, J.F, Bourland, J.D. and Geddes, L.A., Am. Heart J., 98(3):345-350, 
WA. and Geddes, L.A., Am. Heart J., Barats. 00. September, 1979. 


Bretylol...adds a different and unique dimension in comet ean fibrillation | 









‘Bretylol 


(bretylium tosylate) 


Brief summary of prescribing imormation 


INDICATIONS — BRETYLOL is indicated in the prophylaxis and therapy 
of ventricular fibrillation, 

BRETYLOL is also indicated in the treatment of life-threatening ventric- 
ular arrhythmias, such as ventricular tachycardia, that have failed to respond 
to adequate doses of a first-line antiarrhythmic agent, such as lidocaine 

Use of BRETYLOL should be limited to intensive care units, coronary 
Care units or other facilities where equipment and personnel for constant 
Monitoring of cardiac arrythmias and blood pressure are available 

Following injection of BRETYLOL there may be a delay of 20 minutes 
to 2 hours in the onset of antiarrhythmic action, although it appears to 


act within minutes in ventricular fibrillation. The delay in effect appears 


to be longer after intramuscular than after intravenous injection 
CONTRAINDICATIONS — There are no contraindications to use in treat- 
ment of ventricular fibrillation or life-threatening refractory ventricular 
arrhythmias 

WARNINGS —1, Hypotension: Administration of BRETYLOL regularly 
results in postural hypotension, subjectively recognized by dizziness, light- 
headedness. vertigo or faintness. Some degree of hypotension is present 
in about 50% of patients while they are supine. Hypotension may occur 
at doses lower than those needed to suppress arrhythmias 


Patients should be kept in the supine position until tolerance to 


the hypotensive effect of BRETYLOL develops. Tolerance occurs 
unpredictably but may be present after severa! days. 





Hypotension with supine systolic pressure greater than 75 mm Hg need 
not be treated unless there are associated symptoms. If supine systolic 
pressure falls below 75 mm Hg, an infusion of dopamine or norepinephrine 
May be used to raise blood pressure. When catechslamines are admin- 
istered, a dilute solution should be employed and blood pressure monitored 
closely because the pressor effects of the catecholamines are enhanced 
by BRETYLOL. Volume expansion with blood or plasma and correction of 
dehydration should be carried out where appropriate. 

2. Transient Hypertension and Increased Frequency of Arrhyth- 
mias: Due to the initial release of norepinephrine from adrenergic post- 
ganglionic nerve terminals by BRETYLOL, transient hypertension or 
increased frequency of premature ventricular contractions and other 
arrhythmias may occur in some patients 

3. Caution During Use with Digitalis Glycosides: The initial release 
of norepinephrine caused by BRETYLOL may aggravate digitalis toxicity. 
When a life-threatening cardiac arrhythmia occurs in a digitalized patient 
BRETYLOL should be used only if the etiology of the arrhythmia does not 
appear to be digitalis toxicity and other antiarrhythmic drugs are not 
effective. Simultaneous initiation of therapy with digitalis glycosides and 
BRETYLOL (bretylium tosylate) should be avoided 

4, Patients with Fixed Cardiac Output: In patients with fixed cardiac 
Output (i.e, Severe aortic stenosis or severe pulmonary hypertension) 
BRETYLOL ~hould be avoided since severe hypotension may result from a 
fall in periph. ql resistance without a compensatory increase in cardiac 
output. If survival is threatened by the arrhythmia. BRETYLOL may be used 
but vasoconstrictive catecholamines should be given promptly if severe 
hypotension occurs. 


USE IN PREGNANCY —The safety of BRETYLOL in human pregnancy 
has not been established. However, as the drug is intended for use only 
in life-threatening situations. it may be used in pregnant women when its 
benefits outweigh the potential risk to the fetus 


USE IN CHIbDREN — The safety and efficacy of this drug in children has 
not been established. BRETYLOL has been administered to a limited 
number of pediatric patients, but such use has been inadequate to define 
fully proper dosage and limitations for use. 


* PRECAUTIONS —1. Dilution for Intravenous Use: BRETYLOL should 


be diluted (one part BRETYLOL with four parts of Dextrose Injection 
USP or Sodium Chloride Injection. USP) prior to intravenous use. Rapid 
intravenous administration may cause severe nausea and vomiting. There- 
fore, the diluted solution should be infused over a period greater than 8 
minutes. In treating existing ventricular fibrillation BRETYLOL should be 
given as rapidly as possible and may be given without dilution 

2. Use of Various Sites for Intramuscular Injection: When injected 
intramuscularly, not more than 5 mi should be given in a site, and injec 
tion sites should be varied since repeated intramuscular injection into 
the same site may cause atrophy and necrosis of muscle tissue, fibrosis. 
vascular degeneration and inflammatory changes 

3. Reduce Dosage in Impaired Renal Function: Since BRETYLOL is 
excreted principally via the kidney, the dosage interval should be increased 
in patients with impaired renal function 


ADVERSE REACTIONS —Hypotension and postural hypotension have 
been the most frequently reported adverse reactions (see Warnings sec- 
tion), Nausea and vomiting occurred in about three percent of patients. 
primarily when BRETYLOL was administered rapidly by the intravenous 
foute (see Precautions section). Vertigo, dizziness, light-headedness and 
syncope, which sometimes accompanied postural hypotension, were 
feported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions. 
transitory hypertension, initial increase in arrhythmias (see Warnings sec- 
tion), precipitation of anginal attacks, and sensation of substernal pressure 
have also been reported in a small number of patients. i.e.. approximately 
1-2 patients in 1000 

Renal dysfunction, diarrhea, abdominal pain. hiccups, erythematous 
macular rash, flushing, hyperthermia, confusion, paranoid psychosis 
emotional lability, lethargy, generalized tenderness. anxiety, shortness of 
breath, diaphoresis, nasal stuffiness and mild conjunctivitis, have been 
feported in about 1 patient in 1000. The relationship of BRETYLOL admin- 
istration to these reactions has not been clearly established 


HOW SUPPLIED—NDC 0094-0012-10: 10 mi ampul containing 500 
mg bretylium tosylate in Water for Injection. USP pH adjusted, when 
necessary, with dilute hydrochloric acid or sodium hydroxide. Sterile 


Non-pyrogenic, Oct 1980 
Please refer to complete prescribing information prior to use 


Distributed by 


American Critical Care 
Division of 

American Hospital Supply Corporation 
McGaw Park IL 60085 
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bioengineering, pathology, and long- 
range follow-up issues on cardiac 
tissue valves. 


Cardiac 
Bioprostheses 


Proceedings of the Second International Symposium 
Rome, Italy, May 17-19, 1982 i 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, 
ISBN 0-914316-34-6, 609 pp., illus., Nov. 1982., $65.00 

An international program committee organized this symposium — 
on a strictly competitive abstract basis. It was held less than six — 
months ago. oak sap etal abstracts were submitted and 
45 in 8 categories were accepted. Virtually every major car- 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was represented. 
Nowhere will you find between two covers as much current in- 
formation on the field of cardiac valves. F 
Almost 20 years have gone by since the first reports of 
homograft valve replacement by Drs. Donald Ross and Brian 
Barratt-Boyes and almost 10 years since the first reports began to 
appear about commercially available, quality-controlled porcine 
bioprosthetic and bovine pericardial valves. This book brings 
you completely up-to-date on what has happened since and what 
is happening today. 
If your interests include the clinical, pathological and bio- ve 
engineering aspects of cardiac bioprostheses then this book is a — 
ee buy! It should not be missing from your own professional _ 
ibrary. 


Who are the editors? 


Lawrence H. Cohn, MD, is Professor of Surgery, Harvard 
Medical School, and Cardiothoracic Surgeon, Brigham and a 
Womens’ Hospital. He is the author of Modern Techniques in sA 
Surgery and co-author of the new annual, Cardiology, now 
available in its second issue, Cardiology 1982. 


Vincenzo Gallucci, MD, is Professor of Cardiovascular Surgery, 
Departments of Cardiovascular Surgery and Cardiology, Univer- 
sity of Padova Medical School, Padova, Italy. 
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THE WORLD’S MOST PRESCRIBED PACEMAKER 


MEDTRONIC iNC 
MINNEAPOLIS- MN 


MEDTRONIC INC 


MINNEAPOL FSi MN 


THRESHOLD MARGIN TEST. 


insure adequate threshold safety margins—even over the telephone 








A 66 year old female patient on vacation calls your office long 
distance for a routine pacer check. Are the pacing pulses sufficient 
to stimulate her heart? Here's how the unique Spectrax SXT" 
threshold margin test helps you. Your patient simply positions the 
magnet she carries over her pacemaker and the Spectrax SXT 
automatically performs the test. Energy in the 3rd of 3 pulses epijited 
at 100 ppm is reduced 25% with no loss of capture, inca lh 
adequate safety margin. Long distance diagnosis is compl 

your patient enjoys peace of mind. 


nd 


AUTOMATIC THRESHOLD MEASUREMENT. 


Determine pacing energy levels—fast. 








You suspect loss of capture in a 62 year old male referral patient. 
What energy levels are needed for effective pacing stimulation 

of his heart? The exclusive threshold measurement built into his 
Spectrax SXT" pacemaker pies you the answers fast. With the 
advanced Medtronic" CENSYS™ programmer, automatic threshold 
measurement is a simple pushbutton procedure. Reducing pulse 
width to the point of capture/loss tells you within 041 ms your 
patient's threshold. Restore original pulse width with no reprogram- 
ming needed and adjust to guarantee capture: Simple, convenient 
and electronically precise. That’s Spectrax SXT’s automatic 
threshold measurement feature. 


PULSE GENERATOR BATTERY DEPLETION WARNING. 


(EOL). 3 distinct warnings signal elective replacement. 


Your 70 year old female patient has rushed to your office in alarm. 
During her routine pulse self-check test, she determined that 

her pacemaker had dropped 10% in rate. The implanted unit is a 
Spectrax SXT though, and you are able to reassure her. This 

rate change is simply a safeguard warning signalling elective 
replacement. Pulse width on the Spectrax SXT automatically 
increases to compensate forthe gradual decline in battery voltage: 
She is in no danger of pacemaker battery failure or loss of 
capture. This fact is easily and visibly confirmed with Spectrax 
SXT’s noteworthy telemetry which prints out battery status 

on command. In this case the print out has changed from 
“Battery OK” to Elec. Replace Time! Seeing is believing. 

You and your patient have several months in which to make her 
surgery decision. You can confidently relieve her anxiety. 





Unmatched Pacing Features. Compare Omnicor Gamma, Quantum, Ultra I, and 
oe Only Spectrax SXT Efficiently Meets Patient HETH Needs With: 
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"DISCOVER 1 THE REMARKABLE CLINICAL BENEFITS OF 
SPECTRAX SXT FOR YOURSELF i 
Medtronic 


(Turn this page over for more information) 











Medtronic Implantable Pulse Generators and Leads 


nt ided Uses 

fentricular pacing using an implantable ventricular pulse generator 
for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhy- 
mias, ee yeu vuaa and heart block (see product earn for 
atailed list of intended uses). An atrial pulse generator is for tlong- 
lerm therapeutic control of heart rate in patients with impulse forma- 
ion disorders but with intact, functioning A-V conduction systems. 
ardiac pacing using an implantable A-V sequential pulse generator 











lor. long-term therapeutic control of heart rate in patients where 
toration of A-V synchrony is indicated to improve cardiac output 
protect against arrhythmias related to sequence of cardiac 
julse propagation. 


ntraindications 

There are no known contraindications to the use of pacing as a 
herapeutic: modality for the control of heart rate in patients with 
jormal conduction systems. In certain patients with anomalies of 
he conduction system (WPW syndrome: and related conditions), 
patients may be benefited or harmed by cardiac pacing. Therefore, 
lectrophysiologic studies are required prior to. therapeutic applica: 
nof pacing. In addition, the patient's age and medical condition 
nay dictate the particular pacing system and implantation proce- 
ur used by the physician. 













thermy should not be used on patients with pacemakers be- 
ause of possible heat damage to electronic components. Electro- 
urgical units should never be used in the vicinity of unipolar pulse 
enerators or bipolar pulse generators implanted in the unipolar 
de because of danger of introducing fibrillatory currents into the 
eatt via the implanted pulse generator/lead. Pulse generators may 
be damaged by aenprnatory discharges if the paddles are placed 
ver the implanted pulse generator. See the specific precautions and 
arnings in the technical manuals included with the pulse generator. 
'recautions 
he physician should be aware that all pulse generators will ulti- 
ately cease to function due to cell depletion, and may fail at any 
me due to random component or battery failures which cannot be 
redicted prior to failure. Also, that the pacing system may cease to 
unction at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 


dical complications, and that proper operation may be affected by 
lectrical interference from certain electrical equipment. 





j 
nerve Stimulation, infection, erosion of pulse generator/lead 
sugh skin, transvenous lead-related thrombosis, embolism and 





complete Spectrax SXT information C clinical reprints (2 
convenient demonstration [] return this form for immediate 
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MODERN DRUG 
ENCYCLOPEDIA, 
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MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur f. Lewis, MD, Executive Editor 
Gertrude Dittus Gonzales, R.Ph., B.S. Pharm., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 16th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 














An independent team of pharmacists and physicians has researched and edited 
all the facts om 3,000 prescription drugs. It passes this research on to you in an 
gasy to absorb style that’s perfectly suited to the tight schedule of a time pressed 
practitioner, 






















Some handbooks just reprint manufacturers’ package inserts. They don’t edit, 
just print material manufacturer pays to have included. od 


Here’s what careful planning does.for 

MODERN DRUG ENCYCLOPEDIA: 
e limits entries to prescription drugs. You don’t waste time flipping 
through pages of extraneous drugs. 

e lists over 3.000 pharmaceuticals, biologicals, and allergens in one 
a-z sequence. be 

e arranges entries by generic name. All brand names in one place. Bas 

e written in concise language for quick comprehension, ; 

e designed with a “strong focus” layout, easy-to-read type, arid bold 
subject headings. 








The 1,000 page main section arranges over 3,000 drugs alphabeti- ce 
cally by genetic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their awn brand. o0 S 





Three a-z indexes provide instant access to all the material found 
in the main section as follows: ; 
e GENERAL INDEX of all brand generic names in handy alphabetic 

sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your pa» 
tient’s special needs. 

e MANUFACTURERS INDEX of names and addresses and product. 
names. Helps you identify the drug when you only know. th 
manufacttirer’s name. 




















Try using MODERN DRUG ENCYCLOPEDIA for 30days 
tisk. Then, keep it only if you're convinced that it answers a practi- 
tioner’s need for concise, easy to read information -on prescription 
drugs. . 
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Please send mea copy of the all-new 16th Edit 
DRUG ENCYCLOPEDIA. If this new. edition 
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owe nothing, 

O 1am enclosing $49.00 now as tull payment: 
Publisher pays shipping. Same return guarant 
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e angina shield: 


CORGARD 
(nadolol tablets) 





Reliable 24 


protection... 


Physical exertion, emotional strain, and the 
unexpected crises of daily life — these can unleash an 
anginal attack at any time. So it’s important to be 
certain that your patients are protected continuously. 
Unlike other beta-blockers, Corgard provides this 
protection around the clock with a once-daily dose — 
reducing the anginal attack rate, increasing work 
capacity, and decreasing the dependence on 
nitroglycerin. 


with convenient 
once-a-day dosage 


A single daily dose of Corgard controls angina all day, 
every day. And since Corgard is associated with a low 
incidence of side effects,* your patients can lead more 
comfortable lives. An added convenience of Corgard is 
that it can be taken at any time of day, regardless of 
meals, because its absorption is not affected by food. 
*For a full discussion of CONTRAINDICATIONS, PRECAUTIONS, 


ADVERSE REACTIONS, and WARNINGS, including avoidance of 
abrupt withdrawal, please see brief summary on next page. 


CORGARD 
(nadolol tablets) 


The only once-a-day 

beta-blocker for 

both angina pectoris 
_ = and hypertension 








The only once-a-day beta-blocker for 
both angina pectoris and hypertension 


CORGARD 
(nadolol tablets) 


40 mg, 80 mg, 120 mg, and 160 mg scored tablets available in a variety of 
bottle sizes and in Convenience Packages of 40 mg and 80 mg tablets 





CORGARD® TABLETS 
Nadolol Tablets 


N Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blockin nt, 

CoO! INDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure — Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure, Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of 
beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 





Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — | 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial 
infarction have occurred after abrupt discontinuation of such therapy. When 
discontinuing chronic use of nadolol, particularly in patients with ischemic heart 
disease, gradually reduce dosage over a |-to 2-week period and carefully monitor the 
patient. Reinstitute nadolol promptly (at least temporarily) and take other measures 
appropriate for management of unstable angina if angina markedly worsens or acute 
coronary insufficiency develops. Warn patients not to interrupt or discontinue 
therapy without physician's advice. Because coronary artery disease is common and 
may be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly 
even in patients treated only for hypertension. 











Nonsilergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE 
BETA-BLOCKERS. Administer nadolol with caution since it may block bronchodilation 
produced by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform the 
anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor agonists 
such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of 
nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia ~ Beta-adrenergic blockade may prevent the appear- 
ance of premonitory signs and symptoms (¢.g., tachycardia and blood pressure changes) 
of acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade 
also. reduces release of insulin in response to hyperglycemia; therefore, it may be 
necessary to adjust dose of antidiabetic drugs. 
~. Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 

tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
~~. blockade which might precipitate a thyroid storm, carefully manage patients suspected of 

a: developing thyrotoxicosis, 
. PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution 


0t in presence of either of these conditions (see DOSAGE AND ADMINISTRATION section 


of package insert). 

rmation for Patients — Warn patients, especially those with evidence of 
coronary artery insufficiency, against interruption or discontinuation of nadolol without 
physician's advice, Although cardiac failure rarely occurs in properly selected patients, 
advise patients being treated with beta-adrenergic blocking agents to consult physician at 
first sign or symptom of impending failure. 

Interactions ~~ Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents, When treating patients with 
nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypo- 
tension and/or excessive bradycardia which may produce vertigo, syncope, or postural 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
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neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of embryo- an 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greate! 
(on a mg/kg basis) than maximum indicated human dose; no teratogenic potential w: 
seen in any of these species. There are no well-controlled studies in pregnant women 
therefore, use nadolol in pregnant women only if potential benefit justifies potential ris! 
to the fetus, 

Nursing Mothers — It is not known whether this drug is excreted in human milk 
Because many drugs are excreted in human milk, exercise caution when nadolol i 
administered to a nursing woman. Animal studies showed that nadolol is found in th 
milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular! 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 
occurred in about | of 100 patients. Single instances of first degree and third degree heart 
block have been reported; intensification of AV block is a known effect of beta-blockers 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System ~ Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, 
abdominal discomfort, constipation, vomiting, indigestion, anorexia, bloating, and 
flatulence each reported in | to 5 of 1000 patients. Miscellaneous — Each of the 
following reported in | to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or 
skin; impotence or decreased libido; facial swelling: weight gain; slurred speech; cough; 
nasal stuffiness; sweating: tinnitus; blurred vision. Although relationship to drug usage is 
not clear, sleep disturbances have been reported. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be 
considered potential adverse effects of nadolol. Central Nervous System — reversible 
mental depression progressing to catatonia; visual disturbances; hallucinations: an acute 
reversible syndrome characterized by disorientation for time and place; short-term 
memory loss, emotional lability with slightly clouded sensorium; decreased performance 
on neuropsychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic 
colitis, Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic 
purpura. Allergic — fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous — reversible alopecia; Peyronie's disease; 
erythematous rash. 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In 
determining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no 
response to vagal blockade, administer isoproterenol cautiously, 

rdiac Failure — Administer a digitalis glycoside and diuretic. It has beer reported 
that glucagon may also be useful in this situation, * 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta,-stimulating agent and/or a theophylline 
derivative, 

DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 
80 mg increments at 3 to 7 day intervals until optimum clinical response or pronounced 
slowing of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients 
respond to 160 mg or less daily). If treatment is to be discontinued, reduce dosage 
gradually over a period of | to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80.:mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. ‘ 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablée 
in bottles of 100 and 1000 tablets and in Unimatic® unit-dose packs of 100 tablets. The 
40 mg and 80 mg tablets are also available in convenience packages containing 4 blister 
cards of 7 tablets each. “ 
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ew | slectrocardiographic (ECG) criteria for the proposed ECG criteria for the diagnosis of le 
gnosis of left anterior hemiblock are proposed. terior hemiblock are (1) the QRS complexes i 
roposed criteria are based upon the relation aVR and aVL each end in an R wave (termi 
etween portions of the vectorcardiographic (VCG) wave), and (2) the peak of the terminal R wa 
IRS loop in the frontal plane and the corresponding lead aVR occurs later than the peak of the termi 
portions of the ECG QRS complexes recorded by the R wave in lead aVL. The sensitivity and speci 
imb leads. The application of the proposed criteria of the proposed criteria were empirically evalu 
equires that the tracings be obtained with 3-channel using series of electrocardiograms obtained un 
CG machines so that the temporal relation be- clinical circumstances during which the occu 
ween the QRS complexes in simultaneously re- of left anterior hemiblock was, respectively, 
corded limb leads can be inspected. This type of and unlikely. The performance of the proposes 
alysis of the electrocardiogram permits prediction teria was statistically superior to that of 2 se 
f features of the VCG QRS loop that are important frontal plane QRS axis criteria. 
: for the diagnosis of left anterior hemiblock. The 
















alectrocardiographic (ECG) diagnosis of left an- diogram and the VCG loop in the frontal planei it 
niblock has depended largely upon the iden- closely approximates the accuracy of the vectorce 
n of marked left axis deviation in the frontal gram in diagnosing left anterior hemiblock than 
ecause various investigators disagree as to the examination of the frontal plane QRS axis alone. 
ude of the axis deviation required for the diag- important feature of the present method is the exa 
d because other conditions can also result in left nation of the temporal relations between correspond 
leviation, the ECG diagnosis of left anterior hem- portions of the QRS complexes in a pair of simu 
s often. uncertain.!-!8 The vectorcardiogram neously recorded limb leads. Therefore, the applicat 
G) has been found useful in the diagnosis of left of the method requires that the tracings be obta 
l tg ior hemiblock because the frontal plane QRS loop using 3-channel ECG machines. These machines, 
3 a characteristic pattern of counterclockwise simultaneously record leads I, II, and III and tk 
ith superior deviation of the mid and terminal aVR, aVL, and aVF, have been i in wile? d 
10,11,13,14,16,17,19-23 use for several years. 
esent study, we describe a new method for 
anterior hemiblock using the scalar ; Methods 
iogram. Because this method is based upon Selection of patients: The principal group otp p 
s between the limb leads of the electrocar- lected for study consisted of patients who had serial E 
findings elicited during clinical circumstances that permit 
us to assess empirically the sensitivity and specificity of 
a ECG criteria for left anterior hemiblock. 

Administration Medical Center and Upstate Medical A total of 168 patients (122 men and 46 women): aged 2 
oe ou arami be on hg 9; e 84 years (mean 55) comprised the study group. They ha 

oe ù Oa ; ae patients at 1 of the following hospitals i in Syracuse, New 
between July 1; 1975 and January 1, 1982: the Veteran 
ministration Medical Center, the State Universit ty Hos 
or the Crouse: Irving ‘Memorial Hospital 
















































































TEE ATSE 


E 


a AATA e E 


I AVR 


AVL 








AVF 


FIGURE 1. Diagram of a VCG QRS loop in the frontal plane of a tracing 


that shows left anterior hemiblock. The hexaxial reference figure is 


superimposed upon the loop. The arrows show that the loop is inscribed 
in a counterclockwise direction. Above the loop are diagrams of the 
QRS complexes recorded by 2 pairs of scalar leads—Il and Ill and aVR 
and aVL—that correspond to the loop. The complexes in each of the 
2 pairs were recorded simultaneously by a 3-channel ECG machine. 
The initial portion of the loop is maximally represented on the positive 
half of the axis of lead III before it is maximally represented on the 
positive half of the axis of lead Il. Therefore, the peak of the R wave in 


lead Ill occurs before the peak of the R wave in lead Il. The terminal 


portion of the loop is maximally represented on the negative half of the 
axis of lead III before it is maximally represented on the negative half 
of the axis of lead Il and maximally represented on the positive half of 
the axis of lead aVL before it is maximally represented on the positive 


y _ half of the axis of lead aVR. Therefore, the nadir of the S wave in lead 





lll occurs before the nadir of the S wave in lead II and the peak of the 
R wave in lead aVL occurs before the peak of the R wave in lead 
aVR. 


Group A: This group consisted of 35 patients with isolated 
acute anterior myocardial infarction consisting of a typical 
history, elevation of cardiac enzymes, and the development 
of S-T segment elevation and Q waves in ECG leads V; 
through V4, but without the concomitant appearance of S-T 
segment elevation or Q waves in ECG leads II, III, or aVF. 
During the evolution of the ECG changes of anterior infarc- 
tion, each patient had leftward deviation of the frontal plane 
QRS axis that was not present initially. In each patient, 
third-degree or Mobitz type II second-degree atrioventricular 
block subsequently occurred in the course of the evolution of 


__ the infarction. The QRS complexes that were analyzed in this 


group were those of supraventricular beats that were recorded 
after leftward deviation of the axis in the frontal plane had 


PEER ACID PR RIE RI NEMA) Siac) EL TEL SLO LTE E PATE I SMS TREAT,” TEES TE 
~ ELECTROCARDIOGRAPHY IN LEFT ANTERIOR HEMIBLOCK ; eo , ie iy, 


TABLE! Proposed ECG Criteria for the Diagnosis of Left 


Anterior Hemiblock 


1. The QRS complexes in leads aVR and aVL each end in anR 
wave (terminal R wave) 
AND 


2. The peak of the terminal R wave in lead aVR occurs later 
than the peak of the terminal R wave in lead aVL 


occurred, but before they had become >100 ms in duration. 
Therefore, artifically paced complexes, idioventricular com- 
plexes, and complexes showing right or left bundle branch 
block were excluded. In 8 (23%) of the patients in Group A, the 
preinfarction electrocardiograms showed left ventricular 
enlargement by the criteria of Romhilt and Estes.?4 In each 
of the patients in Group A, left ventricular enlargement was 
present on ECG findings obtained before as well as after in- 
farction had occurred. 

Group B: This group consisted of 133 patients with isolated 
acute inferior myocardial infarction manifested by a typical 
history, elevation of cardiac enzymes, and the development 
of S-T segment elevation and Q waves in ECG leads II, II, and 
aVF, but without the concomitant appearance of S-T segment 
elevation or Q waves in leads V1, Vo, V3, or V4. The ECG 
findings that were analyzed were those of each patient’s series 
that showed the greatest degree of leftward deviation of the 
frontal plane QRS axis that developed in the evolution of the 
changes of inferior infarction. In 14 (11%) of the ECG results 
that were analyzed in Group B, the Romhilt and Estes criteria 
for left ventricular enlargement were met. 

Because the leftward deviation of the frontal plane QRS 
axis that occurred in Group A is likely to have been due to the 
development of left anterior hemiblock, the ECG findings 
analyzed in this group are designated as cases of left anterior 
hemiblock. Conversely, because left anterior hemiblock is 
unlikely to have developed in the patients in Group B, the 
ECG results analyzed in this group are designated as noncases 
of left anterior hemiblock. Therefore, the ECG findings of 
Group A were used to assess the sensitivity, and those of 
Group B the specificity, of the criteria for left anterior hemi- 
block. 

Confirmatory series: In order to further evaluate the 
specificity exhibited by the proposed criteria, an additional 
series of patients was studied. These patients were selected 
to show whether a noncardiac condition that might produce 
superior deviation of the QRS axis in the frontal plane would 
result in false-positive diagnoses of left anterior hemiblo& 
by the proposed criteria. The confirmatory series consisted 
of 43 patients who had electrocardiograms obtained during 
the third trimester of pregnancy and again 4 to 6 weeks post- 
partum. At the time that the first of the pairs of electrocar- 
diograms was taken, the mean week of gestation of the pa- 
tients was 33 (range 27 to 36) and the mean abdominal girth 
of the patients was 99.5 cm (range 80 to 124). In order to 
maximize the degree of superior displacement of the dia- 
phragm, and therefore of the heart overlying it, the electro- 
cardiograms obtained during pregnancy were recorded during 
full expiration. The tracings obtained during the postpartum 
period were recorded during normal respiration. 

Collection of data: The ECG findings were obtained in A 
each patient using 12 standard leads and either a Marquette 
MAC 1-T or Hewlett-Packard model 1517-A electrocardio- 
graph. These machines use 3 channels and simultaneously 
record leads I, II, and III, then leads aVR, aVL, and aVF, then 
leads V1, Vo, and V3, and finally leads V4, Vs, and Vg. All re- 
cordings were made at a paper speed of 25 mm/s. In order to 

bai 
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46° to 





~31° to 
—60° 45° 


~16° to +16°to 
—30° +30° 





7 3 
20% 9% 


3 5 
2% 4% 


9 4 0 4 
26% 11% 


12 6 3 26 AS 
9% 20% 





be certain that all 3 channels were operating simultaneously, 


the relative times of onset of the 1.0 mV standardization marks 


ere inspected. In most cases, the standardization marks were 
scribed simultaneously. However, when the times of onset 
‘the standardization marks were not identical, a correction 
r the discrepancy was made in the analysis of the QRS 
mplexes. For example, if the standardization mark in 
iannel 2 began. 10: ms -beforé the marks in channels 1 and 3, 
e QRS complexes in leads H and aVL were considered to 
ve actually begun 10 ms later than they appeared on the 


ionale for the proposed criteria: The vectorcardio- 

phic features of left anterior hemiblock have been de- 

ribed by Benchimol et al.!3 The relations between the VCG 

loop in the frontal plane and the scalar ECG findings in 

atients with left anterior hemiblock are illustrated in Figure 

As the figure shows, important features of the contour of 

CG loop canbe inferred by analyzing simultaneously 

d pairs of ECG leads. On the basis of the illustrated 

lations, new ECG criteria for the diagnosis of left anterior 
amiblock are proposed and are listed in Table I. 

omparison. ECG criteria: In order to provide a basis by 

ch to evaluate the performance of our proposed criteria, 

SCG results of all the patients were also interpreted with 

spect to the following 2 sets of comparison criteria for the 

s of left anterior hemiblock: (1) frontal plane QRS axis 

~30° and —90° (<—30° criterion), and (2) frontal 

is between —45° and —90° (<—45° criterion). 

pi For patients with discordant predi ictions 


her's seh test. 25 This i is a rigorous test of comparative 
mance which is not affected by the level of case preva- 
e at the joint 5% level. 


Results 
/ A, the proposed criteria were met in all the 


r anterior infarction had occurred and in 


atients before infarction had occurred. In 
posed criteria were met in none of the 

r before or after inferior infarction oc- 
distribution of the values of the frontal 

IRS axes is shown in Table H. The performances 
osed and comparison ECG criteria for the 

eft anterior hemiblock are summarized in 

e superiority of the proposed over the 

t 45° criteria is s significant at the p 


criteria for left anterior hemiblock, and these. only 
anterior infarction had occurred. 

Confirmatory series: In none of the 43 patients i in 
series did either the proposed or the comparison crite 
become positive with pregnancy. 


Discussion 


The traditional ECG criteria for the diagnosis 0 
anterior hemiblock require that some degree of le 
deviation be present. In diagnosing left anterior hi 
block, some investigators have demanded that th 
frontal plane QRS axis be —45° or less.9:!012:15 Ot 
have advocated the less: stringent criterion of an axi: 
<—30° for the diagnosis. }45.7811.16 Still others he 
recognized that left anterior hemiblock may be pres 
even though the QRS axis is less negative than —30° 
the frontal plane:>®6 However, since conditions 
than left anterior hemiblock, such as inferior myoc: 
infarction, left ventricular enlargement, pulmon 
emphysema, Wolff-Parkinson-White syndrome, 
perkalemia, and an altered position of the heart wi 
the thorax, also have been reported to result in left 
deviation, relatively liberal axis criteria for diagn 
left anterior hemiblock are likely to be less spe 
ic.7-10,11,14,15,17,.18 Because of these considerat 
Rosenbaum et al!° described the choice of a parti 
value of the frontal plane QRS axis to identify patie 
with left anterior hemiblock as “arbitrary.” 

Various groups have emphasized the importance 
the characteristic contour of the VCG QRS loop in. 
frontal plane for diagnosing left anterior he 
block.25:7,8:10,11,13,14,16,17,19-23 Several types of st 
have confirmed that the features of the VCG findi 
described in the present report indicate that left. 
rior hemiblock is present. Vectorcardiographie loo 
similar to those upon which we based the rationale 


TABLE ili Performances* of the Criteria for the. Diagnosi 
of Left Anterior Hemiblock 





% Correctly Identified by: 





<~30°  <—45° 
Criterion. Criteri 


Proposed 


Group n Criteria 


A (cases) 98 e100: eo, 
B (noncases) ABB 100 82 











* The tabulated percentages. are the sensitivities and specific 


of the cases and: noncases, respectively. 





ur proposed electrocardiogruphię criteria have been ; 


bserveđ after angiography of the left coronary ar- 
ry,!423 after surgical interruption of the anterior 
ascicle in both experimental animals,!4+26 and hu- 
“mans,’!4.19 during spontaneously occurring intermittent 
conduction disturbances,*>71419 and in conduction 
disturbances caused by inducing premature atrial 
ontractions.?7 

. When the proposed criteria are positive, it indicates 
tot only that the terminal forces of the ventricular de- 
olarization are deviated superiorly, but also that they 

inscribed in a counterclockwise direction. This 

es the proposed criteria especially useful for dis- 
guishing left anterior hemiblock from inferior myo- 
ardial infarction, since the latter produces superior 
eviation and clockwise rotation of the initial forces in 
he frontal plane.” In this regard, the authors have re- 
ently described improved ECG criteria for the diag- 

sis of inferior myocardial infarction which use a 

thod of ECG analysis similar to that employed in the 

sent investigation.”9 

The clinical context in which the ECG findings of the 
atients in Group A developed leftward deviation of the 

ntal plane QRS axis (isolated acute anterior infarc- 

hn and subsequent atrioventricular block) makes it 
ighly probable that this change in axis can be attrib- 
ted to the occurrence of left anterior hemiblock. 
Therefore, the patients in this subgroup were used to 
valuate the sensitivities of the proposed and compar- 
on criteria. The development of high degree atrio- 
entricular block in the patients in Group A illustrates 
hat the proposed electrocardiographic criteria can 
ecurately identify left anterior hemiblock that is 
‘unctionally significant. 

Conversely, the clinical circumstances during which 
he ECG changes of the patients in Group B were re- 
orded (acute inferior without concomitant anterior 

arction) make it unlikely that left anterior hemiblock 

curred.in this group. Because, as noted above, clinical 
ntities other than inferior infarction have also been 
eported to produce false-positive evidence of left an- 

srior hemiblock, the specificity of the proposed criteria 

as evaluated in additional ways. First, the presence of 
bdominal distension associated with the third tri- 
nester of pregnancy failed to produce false-positive 
vidence of left anterior hemiblock, even though the 
racings were obtained in full expiration to maximize 
he superior displacement of the left hemidiaphragm 

d the heart overlying it. Second, of 22 patients with 

r evidence of left ventricular enlargement, the 
sed. criteria for left anterior hemiblock became 
ve only in the patients in Group A, and only after 
or infarction had occurred. Third, although no 

ents with Wolff-Parkinson-White Syndrome were 
icluded in our study, it is unlikely that this disorder 
uld affect the terminal portions of leads aVR and 
VL. This is because, in patients in sinus rhythm, con- 
ction over accessory pathways alters the morphology 
only the initial portion of the QRS complex. Finally, 

1e ECG findings of patients with hyperkalemia suffi- 
ciently severe to influence the appearance of the QRS 


complexes: can be e idenlified by the characteristic al 


terations of P aad. To waves adaociated with this dis- i 
order. 17 : 


The present study shows that ECG criteria based on i 


features of the VCG QRS loop in left anterior hemiblock: . : 
diagnose this abnormality more reliably than do tradi- 
tional frontal plane QRS axis criteria. Therefore, the 


accuracy with which left anterior hemiblock is diag- = 
nosed may be increased without resorting to the less 


widely available, costly, and time-consuming vector- 
cardiogram. 
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fects of Provocation on Transcardiac Thromboxane in- 
atients With Coronary Artery Disease 


PAUL D. HIRSH, MD, BRIAN G. FIRTH, MD, DPhil, WILLIAM B. CAMPBELL, PhD, 
 PEGORY J. DEHMER, MD, JAMES T. WILLERSON, MD, and L. DAVID HILUS, MD 


1romboxane A; exerts powerful effects on vascular 
mooth muscle tone and platelet aggregability. 
ous studies have demonstrated increases in 
‘anscardiac thromboxane B; (a stable thromboxane 
metabolite) in patients with unstable angina and 
ent chest pain. To determine whether these in- 
ases in transcardiac thromboxane B, are unique 
ie unstable anginal syndrome or are merely a 
sequence of ongoing myocardial ischemia, si- 
Itaneous ascending aortic and coronary sinus 
od samples were obtained for quantitation of 
ynboxane B, in 52 patients with a history of chest 
Provocation was performed with (1) rapid 

ac pacing in 23 patients, (2) cold pressor stress 
patients, and (3) sustained isometric exertion 

0 patients. Of the 52 patients, only 5 had a sub- 

l (>3-fold) increase in coronary sinus 
oxane B» in response to provocation: 1 had 

able angina and chest pain during the previous 
ind 4 had a myocardial infarction within 

ous 6 weeks. Similarly, only 7 had a >3-fold 

ase in the coronary sinus/aortic thromboxane 


‘omboxane A, exerts potent effects on vascular 
ruscle tone and platelet aggregability,' there 
culation about its etiologic role in ischemic 
isease. We previously reported? that transcardiac 
mary sinus/ascending aorta) of thromboxane 
onenzymatic metabolite of thromboxane 

levated in patients with unstable angina 
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Bo ratio i in response to provocation: 1 had unstable 
angina and recent chest pain, 5 had a recent my 
cardial infarction, and 1 had both of these. The: 
were no other clinical features unique to these | 
tients. The remaining patients with similar diagno: 
did not develop a marked increase in coronary sir 
thromboxane B, or the coronary sinus/ao 
thromboxane B; ratio with provocation. None of 
35 patients with stable ischemic heart dise. 
nonischemic chest pain Syndromes. had a substa 
increase in coronary sinus thromboxane Bz o 
coronary sinus/aortic thromboxane B, rati 
<0.001 for both coronary sinus thromboxane B; a 
the coronary sinus/aortic thromboxane B, ratio 
comparison with the 17 patients with recent unstal 
angina or myocardial infarction). Thus, gene 
amounts of thromboxane B, are released into 
coronary circulation after provocation in some 
tients. with unstable angina or recent myocard 
infarction but not in those with stable ischemic 
disease or nonischemic chest pain syndromes 


pectoris and recent chest pain but not in those wit 
stable angina or other cardiac disorders. Althoug 
transcardiac thromboxane By ratios are increase 
patients with unstable angina and recent chest pain 
is unknown whether these increases are a consequ 

of ongoing myocardial ischemia. Previous studies 
suggested that most patients with coronary arter 
ease have increases in thromboxane Be during i 
cardial ischemia.? Therefore, this study was perfor 
to determine whether the transcardiac thromboxane 
increases that occur in association with unstable ang 
are unique to this syndrome or are merely a result 
recent myocardial ischemia. To accomplish thi 
examined the effects of an increase in myocardial o 
gen demand by rapid cardiac pacing, cold pres 
stimulation, and isometric handgrip exertion on tr: 
cardiac thromboxane By levels in patienta v wi 1 
without, coronary Y artery disease. s 





TABLE | i _Efects of Rapid Cardiac Pacing 





Thromboxane Bo : 





Baseline Provocation 





Patient 


` Diagnosis cs AO cs 


(n) 


Diseased 


Coronary 
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“*.One mm or more horizontal or downsloping $-T depression 0.08 second after the J point. 


t-Concomitant coronary arterial spasm. 
+’ Previous myocardial infarction with normal coronary arteriograms. 


AQ = ascending aorta; AP = angina pectoris; B = beta blockers; C = cyclooxygenase inhibitors; CS = coronary sinus; ECG = ecrocarsoraphic 


i = myocardial infarction; N = 
All values are in picograms per milliliter. 


Methods 


From May to December 1980, 52 patients (22 women and 
30 men, aged 31 to 75 years) undergoing cardiac catheteriza- 
tion for the evaluation of chest pain at Parkland Memorial 
Hospital, Dallas, Texas, were studied after informed consent 
was obtained. In all patients, a 7Fr or 8Fr woven Dacron® 

(Goodale-Lubin) catheter was advanced from a brachial vein 
o the coronary sinus and its position was confirmed fluo- 
oscopically and oximetrically. Similarly, a 7Fr or 8Fr poly- 
ethane (pigtail) catheter was introduced percutaneously 
to the femoral artery and positioned in the ascending aorta 
adjacent to the coronary ostia. All blood samples were ob- 
ined before systemic heparinization or injection of iodinated 
ontrast material. There was no attempt to control or alter the 
yatients’ medications before catheterization, but careful 
records were maintained of all medications administered 
thin 1week of study. 

Provocation-induced ischemic electrocardiographic alter- 

ms were said to be present if there was 21 mm of horizontal 
msloping S-T segment depression 0.08 second after the 
tin comparison with the baseline tracing.* After prov- 
ion, all patients underwent single plane left ventriculog- 

y and selective coronary arteriography. 
echniques of provocation: Rapid cardiac pacing: In 23 
ts, a 6Fr pacing catheter was advanced to the right 
cular apex from the femoral vein. After aorta and cor- 
mary sinus specimens were obtained for quantitation of 
hromboxane By and lactate and a baseline 12- lead electro- 


ardiogram was recorded, ventricular pacing was initiated at 


00 beats/min. Every 3 minutes, pacing was discontinued for 


5 seconds. A 2-lead electrocardiopratn was recorded, and 3 


long-acting nitrates; NICPS = nonischemic chest pain syndrome. + = present; 0 = absent. 


Pacing was continued until the occurrence of angina, n marked 
S-T segment depression on a nonpaced electrocardiogram, or- 
a peak pacing rate of 160 beats/min, at which time blood 
specimens again were obtained from the aorta and coronary 
sinus. Immediately after blood sampling, pacing was discon- 
tinued, and a 12-lead electrocardiogram was recorded, Five. 
and 10 minutes after the discontinuation of pacing, aorta and 
coronary sinus specimens again were obtained and a 12-leac 
electrocardiogram was recorded. Thus, in these 23 pa’ ents 
aorta and coronary sinus blood specimens for measur ment 
of thromboxane Ba and lactate were obtained before, 

and after rapid cardiac pacing. : 


coronaty sinus blood specimens were obtained ore 
tion of thromboxane Bs, and a 12-lead electrocardi 


ice for 3 minutes. During the final 20 secone 
cold, aorta and coronary sinus blood sampli 
as was ie ees a 








sts of Cold Pressor Stress 


Thromboxane Bo 





f Diseased 

Provocation Coronary 

Arteries 
(n) 
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reviOUus Aaditi infarction with normal coronary arteriograms. 
‘oncomitant coronary arterial spasm. 


its were separated and stored at —20°C for subse- a value less than zero indicates myocardial lacta üd 
alysis. Thromboxane was measured by radioimmu- Since this assay in our laboratory has a varia’ 
accepted a percent myocardial lactate extraction 
The blood samples for lactate determination were imme- evidence of myocardial lactate production: | 
eproteinated in iced perchloric acid, centrifuged, 
, and stored frozen. Lactate concentration was as- Results 
zymatically with the Sigma Chemical kit (St. Louis, Rapid cardiac pacing: Of the 23 patients s s 
i to rapid pacing (Table I), 16 had chest pai 
S-T segment depression consistent wit 
with and 4 without concomitant chest pain 
continued to 160 beats/min in 3 patients 
occurrence of pain or electrocardiograp 
he normal thromboxane By coronary sinus/aorta Myocardial lactate production occurred: 
Thus, for the purposes of this study, an increase in 12 patients. Subsequently, selective co 
nboxane By coronary sinus/aorta ratio with prov- riography revealed that 18 of the 23 patients le 
‘within the normal range to >3.0, or an increase erosclerotic coronary artery disease. 
23.0, was considered abnormal. Similarly, a In 3 of the 23 patients, coronary sinus thrombo 
Tease ua the absolute coronary sinus thromboxane Bo increased abnormally during or immedi el 
pr rapid cardiac pacing. Of these 3 patients, all a 
pain, 1 had ischemic electrocardiographic al 
y an induced i increases in coronary sinus none had myocardial lactate production, and 
iac thromboxane Bg levels among patients with atherosclerotic coronary artery disease. 
na (with recent chest pain) and recent myo- stable angina’ and chest pain within the pre 
2) stable angina, and (3) nonischemic chest hours, and the other 2 had a myocardial inf 
ere analyzed using the Fisher exact test.5 within 6 weeks of study. Four patients with uns 
ocation heart rates and blood pressures were angina or recent infarction did not have an increas 
he paired-sample t test.5 The aortic throm- transcardiac thromboxane By in response to pacin 
entrations in patients with and without recent with unstable angina, 2 with a recent infarcti 
of cyclooxygenase inhibitors were compared using with both). Among these 4, 3 had chest pain, 


test. A p value <0.05 was considered f f x i Gre 
es are expressed ps themean standard ischemic p eectronardiadraphie aeai consisten 


€ friction was.calculated 
1; where AOy rép- 

rand CS, represents: 
Using this form la, 





schemie, 10 had myocardial lactate production, and1 


had underlying atherosclerotic coronary artery disease. s 


_ However, none of these patients developed a pacing- 
nduced abnormal increase in coronary sinus throm- 
boxane Bo. 

Among the 12 patients who had pacing-induced 
myocardial lactate production, none had a concomitant 
abnormal elevation in coronary sinus thromboxane 


Cold pressor stimulation: Of the 19 patients pro- 
ked with exposure to cold, none developed chest pain 
S-T segment alterations indicative of myocardial 
schemia (Table II). Before cold pressor provocation, 
1eart rate was 68 + 9 (mean + standard deviation) 
beats/min, and during cold pressor, it was 71 + 9 
beats/min (p = NS [not significant]). Systolic arterial 
ressure increased from 153 + 25 mm Hg before cold 
ressor to 188 + 40 mm Hg during cold pressor (p 
<0.01). None of the 19 patients demonstrated an ab- 
normal increase in the coronary sinus thromboxane Bo 
evel in response to cold pressor stimulation. Five pa- 
ients had unstable angina or recent infarction (2 with 
nstable angina and chest pain within 48 hours of study, 
with a myocardial infarction within 6 weeks of study, 
nd 2 with both of these), and 14 had stable angina or 
onischemic chest pain syndromes. 
Isometric exercise: During sustained handgrip, 1 
f the 10 patients had chest pain, and none had S-T 
egment changes suggestive of ischemia (Table III). 
uring the 3 minutes of handgrip, heart rate increased 
rom 78 + 16 to 88 + 19 beats/min (p = 0.02), and sys- 
dlic arterial pressure increased from 135 + 15 to 175 + 
4mm Hg (p <0.01). In 2 of the 10 patients, isometric 
xercise induced an abnormal increase in the coronary 
inus thromboxane By level (from 24.7 and 132.0 at 
aseline to 86.3 and 862.0, respectively, at peak hand- 
rip). Both of these patients had had a myocardial in- 
arction within the previous 6 weeks; neither had chest 
ain during handgrip exertion. The coronary sinus level 
emained unchanged in the remaining 3 patients with 
nstable angina and recent pain (1 patient) or recent 
yocardial infarction (2 patients). The 5 patients with 
table angina pectoris or nonischemic chest. pain syn- 
romes demonstrated no substantial change in coronary 
inus thromboxane By in response to handgrip. 
Effects of provocation in patients with unstable 
ngina or recent myocardial infarction: Seventeen 
f the 52 patients subjected to provocation had unstable 
ngina and chest pain within 48 hours of study (5 pa- 
nts); a myocardial infarction within 6 weeks of study 
patients), or both (3 patients), In 5 of these 17 pa- 
s (29%), the coronary sinus thromboxane Bz level 
ased abnormally (>3-fold) with provocation (3 
h pacing and 2 with isometric exertion), whereas it 
ained unchanged in the other 12 patients. Of the 5 
ìents with a substantial increase in coronary sinus 
omboxane Bg, 1 had unstable angina and 4 had re- 
cent infarctions. Therefore, 1 of 8 patients with unstable 
angina and recent chest pain and 4 of 12 patients with 


recent myocardial infarctions had a marked i increase ino 


syndromes, none demonstrated a 3-fold increase in the 
coronary sinus thromboxane B» level with provocation ce 
(p <0.001) (Fig. 1). ne 
In terms of transcardiac changes in thromboxane Bo au 
a ratio of the coronary sinus/ascending aortic throm 
boxane Bo concentrations can provide a useful index of. 
intracoronary thromboxane Be production.? Expressing 
the present, data in this fashion demonstrates that a 
significant increase in the thromboxane Bo coronary 
sinus/ascending aortic ratio occurred with provocation 
in 7 of the 52 patients (13%). Of these 7, 4 were provoked 
with pacing, 1 with cold pressor stress, and 2 with iso 


metric exertion. One of these 7 had recent unstable. _ 


angina, 5 had recent infarctions, and 1 had both. Of the : 
52 patients in the entire study population, the 7 with | 
provocable increases were among 17 patients (41%). with — 


similar diagnoses, whereas none of the remaining 35. ~~ 


patients had significant increases in the thromboxane 
Bo coronary sinus/aortic ratio (p <0.001). Thus, in this 


study, similar results were obtained by evaluation ofo 


changes in coronary sinus/aortic ratios. 

Effect of medications: Of the 52 patients, 45 (87%) 
were receiving long-acting nitrates, 21 (40%) were re- 
ceiving propranolol (mean daily dose 140 mg, range 30 


CORONARY SINUS TxBo ( pg/ml ) 





STABLE ANGINA 
OR NICPS (n=35) 


cation was natant with rapid cardiac cae 
stress (n= #49); or sustained: isometric exertion. 
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Baseline 





Diseased 
Provocation 
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Abbreviations as in Table |. 


to 320), and 4 (8%) were receiving metoprolol (100 to 200 
mg/24 hours). Nitrates and propranolol did not appear 
nce the thromboxane By concentrations (Tables 

Nine patients received cyclooxygenase inhib- 

t some time within 5 days of study (aspirin in 4, 
rofen in 1, aspirin plus ibuprofen in 1, indomethacin 
finpyrazone i in 1, and sulindac in 1); these 9 

; had lower plasma concentrations of these 

nes (baseline aortic thromboxane Bo concentra- 
24.5 + 17.1 pg/ml) than the 44 patients who had not 
d them (74.9 + 57.8 pg/ml) (p <0.001). The ex- 

ion of the 9 patients who had recently received cy- 
genase. inhibitors: did not influence the overall 


; of the study (Tables I to II). Interestingly, 2 of 

atients had an abnormal increase in the coronary 

ius thromboxane B» level with provocation (Table I, 
„Patients 4 and 7). 


Discussion 


udies have suggested that unstable angina 
mdrome characterized by spontaneous 
onary blood flow®? induced by either 
rterial spasm or intracoronary platelet 
ion with the transient formation of platelet 
Since thromboxane Ax is a powerful promoter 
ased vascular tone and platelet aggregation,!° 
t that its stable metabolite, thromboxane 
ated in the coronary circulation of patients 
le angina.” In contrast, stable (exertional) 
drome characterized by episodic increases 
„oxygen demand in the setting of limited 

ly due to coronary atherosclerosis. Although 
whether coronary arterial spasm or en- 

et aggregation is of etiologic importance 


nesis and, consequently, in their as- 
kof association) with transcardiac 


fold) increases in 


coronary sinus/— 


were observed in only 5 (10%) or 7 (13%) of the patie: 
respectively. In a retrospective attempt to. 
common features. among these patients, it was appar 
that substantial provocation-induced thromboxane B. 
elevations occurred only in 2 types: those with uns 
angina and recent chest pain (within 48 hours of s 

and those with recent myocardial infarction (w 
weeks of study). Such increases in thromboxane Bo w 
not observed in those with stable (exertional) angin 
nonischemic chest pain syndromes. There were no othe 
clinical features unique to those who develope U 
increase in thromboxane Bo. 

Rapid cardiac pacing, cold pressor stimulation: an 
isometric exertion were used in the. present stud 
induce myocardial ischemia. Cardiac pacing incre 
heart rate, exposure to cold increases systemic arte 
pressure, and sustained handgrip increases bot. 
rate and systemic arterial pressure.!!-!" Thus, 


(induced by cold pressor stress and isometri 
causes an increase in coronary vascular resist. 

This coronary vasoconstriction in patients w 
nary artery disease may result in myocardial is 
which is demonstrable at times éven in the mi ac 


from their effects on myocardial oxygen demand 
coronary vascular resistance, these methods 0 
cation activate platelets in patients with ische: 
disease.!9-2! In addition, it has been suggeste 
rapid cardiac pacing in individuals with atheros 
coronary artery disease may increase the prod 
















































not in others, and that this increase in thromboxane By 
is unrelated to myocardial lactate production. In the 
present study, there was a substantial increase in 
thromboxane Ba with provocation i in some patients with 
unstable angina and chest pain within 48 hours of study 
and in some with a recent myocardial infarction (within 
6 weeks of study). In contrast, thromboxane Bo did not 
crease markedly with provocation in those with stable 
chemic heart disease, even though ischemia (as sug- 
sted by chest pain, electrocardiographic alterations, 
d myocardial lactate production) was produced in 
both, groups of patients. Thus, in the present study, an 
normal increase in coronary sinus thromboxane By 
during provocation appears to be related to the presence 
of clinical instability or recent myocardial infarction 
rather than to provoked myocardial ischemia per se. 
_ The apparent lack of objective signs of ischemia in 
jme patients with thromboxane Be production during 
provocation may reflect limitations inherent to this type 
f clinical study. In our experience, chest pain is an 
reliable indicator of myocardial ischemia. Never- 
eless, we are reluctant to provoke patients with cor- 
mary artery disease beyond the onset of chest pain. 
Furthermore, provocation-induced electrocardiographic 
iterations and net myocardial lactate production are 
pecific but not sensitive indicators of myocardial 
ischemia; that is, their absence in some patients with 
oronary sinus thromboxane Be elevations does not 
exclude the presence of ischemia concomitantly in these 
tients.2+-2” Therefore, further investigation into the 
elation between myocardial ischemia and intracoro- 
nary thromboxane Bz release is needed to resolve this 
ssue. 
The question of why some patients with unstable 
gina (and recent chest pain) and recent myocardial 
infarction increase their coronary sinus thromboxane 
By in response to provocation, whereas others with these 
syndromes do not, remains unanswered. At least part 
f the answer may be a function of the different degrees 
f ischemia induced in these patients. Alternatively, 3 
f 8 patients with unstable angina pectoris had resting 
oronary sinus thromboxane Be levels >500 pg/ml. Of 
hese 3, 2 did not have a further increase in the coronary 
sinus thromboxane B» concentration. Therefore, pa- 
ients with an elevated resting coronary sinus throm- 
boxane Bo level may be less affected (in terms of 
thromboxane Be production) by an increase in myo- 
cardial oxygen demand than those with a “normal” 
sting level. 
The range of thromboxane Bg values obtained in this 
udy is large. However, many factors (such as the 
esence of ischemic heart disease,?*.° atherosclero- 
30.31 and stress?233) affect thromboxane Ap levels and 
latelet thromboxane A» generation. Thus, it is not 
urprising that 52 patients with and without athero- 
clerotic vascular disease and its associated risk factors 
ave a wide range of aortic and coronary sinus throm- 
yoxane B2 concentrations. However, the observed in- 
reases in coronary sinus thromboxane Be could have 
occurred: (1) i in the coronary circulation, or (2) in the 








there is reason to believe that the release of thrombox 


coronary sinus catheter itself; the present study cannot Pag 
distinguish between these 2 Ppoerihilities Despite Fii, 








ane A» is an intracoronary event, since intracoronary _ 
platelet aggregates have been observed in association 
with several ischemic cardiac syndromes.34-°6 Other | 
recent studies have demonstrated an increase in 
platelet-specific proteins in peripheral blood samples 
in patients with unstable angina pectoris, suggesting 
again that platelets may be involved in the pathophys- : 
iology of this syndrome.*7:38 In addition, recent studies | 
from our laboratory have demonstrated no consistent 
alteration in thromboxane Bz attributable to sampling eS 
through long catheters.°? i 

In summary, provocation with rapid cardiac pacing, 
cold pressor stimulation, and isometric exercise caused 
a marked increase in coronary sinus thromboxane By — 
levels in some patients with unstable angina pectoris or 
a recent myocardial infarction. In contrast, patients: 
with a similar degree of coronary artery disease but — 
without unstable angina or a recent myocardial infarc- 
tion, as well as patients with a nonischemic chest pain — 
syndrome, demonstrated no substantial increase in 
coronary sinus thromboxane By with provocation: The 
increases in coronary sinus thromboxane Bo during | 
cardiac pacing did not correlate with the presence of - 
objective signs of myocardial ischemia. Although the _ 
present study cannot distinguish between cause and _ 
effect, thromboxane Az may play a role in the mediation _ 
of unstable ischemic coronary events, such as unstable __ 
angina pectoris, acute myocardial infarction, and sud- 
den cardiac death. Further studies are needed to clarify _ 
the precise role of thromboxane Av in these clinical _ 
syndromes, as well as the physiologic significance; if any, 
of the coronary sinus and transcardiac changes in | 
thromboxane Be observed in this study. Whether pro- _ 
vocative testing can identify a subset of patients with | 
unstable ischemic heart disease at risk for thromboxane 
Ao-mediated catastrophic events (which might be pre- __ 
vented by prophylactic treatment with a thromboxane | 
synthetase inhibitor or receptor antagonist) remains to 
be determined. 
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Myocardial Infarction 


relation of initial precordial S-T segment de- 
ession to anterior ischemia and eventual prognosis 
as studied in 70 patients with acute inferior myo- 
ardial infarction (MI). Early quantitative thallium- 
201 scintigraphy and technetium-99m ventriculog- 
phy were used to evaluate anterior ischemia. In 
comparison with patients without S-T segment de- 
pression, those with depression had lower global 
ejection fraction (EF), 45 + 10 versus 52 + 7 (p 
0.01), lower inferoposterior regional EF, 40 + 14 
versus 52 + 13 (p <0.005), and larger thallium-201 
defect index, 21 + 7 versus 16 + 6 (p <0.005). In 
contrast, anteroseptal regional EFs were similar in 
the 2 groups, 54+ 13 versus 56 + 12 (p not signif- 
icant [NS]), and the frequency of anteroseptal 
piallunr-201 defects or redistribution abnormalities 


























large proportion of patients with acute inferior wall 
myocardial infarction present with simultaneous S-T 
segment elevation in the inferior leads and S-T segment 
lepression in the anterior precordial leads. These pa- 
tients appear to have a higher morbidity and mortality 
than those presenting with inferior S-T segment ele- 
tions alone.!” It has been proposed that this S-T 
segment depression may be an indication of simulta- 
ous anterior ischemia or subendocardial infarction, 
us accounting for the increased risk seen in these 
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ae may be due’ to the indirect influence of other varia 
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was not significantly different, 17 of 47 versus 5 of 
23 and 8 of 31 versus 4 of 11 (p = NS). The predic- 
tive value of precordial S-T segment depression for _ 
mortality was low (21% ) compared with the Killip. 
class (75%), chest radiographs (67%), and EF 
(60%). Multiple logistic regression confirmed that _ 
the presence of S-T segment depression did not | 
significantly improve the prediction of mortality _ 
when considered with these other risk factors. Thus, 
precordial S-T segment depression is a marker of 
larger MI size and not of anterior ischemia. When _ 
examined with other variables reflecting MI size and 
left ventricular function, precordial S-T segment | 
bs leat was not a significant independent risk — 
actor " 





patients.” In support of this hypothesis, increased’ ar 
terior and septal wall motion abnormalities have b 
noted in this subset of patients.? However, others e 
noted primarily increased posterior wall motion ab- _ 
normalities in association with this electrocardiographic — 
finding.? Thus, the presence or absence of “distant 
ischemia in these patients is not entirely cle 
analysis of regional wall motion may not be suf: 
specific to resolve this issue because wall motion ik 
normalities in experimental myocardial infar 
without other evidence of ischemia can oc: 
to, and remote from, the site of MLE o 0y 
Tt häs also been suggested that přeodrdii [ 
ment depression constitutes an important risk fac 
for post- MI morinliey and mortality, However, y i 



















patients with this facies also demonstrate great a 
lease of creatine kinase and lower left ventricular (LV) ue 
ejection fraction (EF).23. Therefore, the apparent: 
prognostic value of these anterior precordial chan: 








g increased MI size eand jredtin LV dysfunction: 
is proposed risk factor has not been systematically 
uated while controlling for these confounding 


S, 

his study, the relation of precordial S-T segment 
ssion in acute inferior MI to distant anterior wall 
1emia was examined by 2 independent methods: 
antitative thallium-201 scintigraphy and techne- 
1-99m radionuclide ventriculography. Subsequently, 
dependent prognostic significance of this elec- 
diographic risk factor was compared with that of 
r risk factors using univariate and multivariate 

niques. 


Methods 


Patient population: Seventy patients with acute inferior 

I were studied. Myocardial infarction was confirmed by 

nical history, by Q-wave formation (>0.04 ms) with S-T 

segment elevation in at least 2 of 3 electrocardiographic leads 

3, or aVF), and by a typical increase and decrease in serum 

atine kinase levels. Exclusion criteria included (1) the 

sence of pulmonary edema or cardiogenic shock, (2) pre- 

s anterior wall MI by history or electrocardiogram, and 
he presence of a bundle branch block pattern. 

ents were classified according to the clinical degree of 

ure on admission (Killip class)® after review of the chart 

‘the authors. Class I was defined as the absence of any 

r symptoms of LV failure. Class H included patients 

h mild to moderate failure as denoted by the presence of 

V gallop. Patients were considered to have significant 

‘aphic evidence of failure if pulmonary congestion, such 

ascular redistribution or interstitial edema, was present 

al chest X-ray. Patients also were classified according 

e- presence or absence of precordial S-T segment de- 

n in electrocardiographic leads V; through V4. Patients 

t least.1 mm S-T segment depression in at least 2 of 

ds on. admission electrocardiography were classified 

A Those without these changes were classified as 


lient, serial blood samples were taken for serum 
se determination on admission and ev. ery 4to6 
after until levels returned to baseline. Total serum 
nase activity was determined according to the 
Rosalki.® 
tive thallium-201 perfusion scintigraphy and 
-99m equilibrium-gated radionuclide ventricu- 
ere performed in all patients within 48 hours of the 
st pain (mean 11 + 8 [standard deviation]), 
imaging was performed in the anterior and left 
blique 45° views 20 to 30 minutes after intravenous 
of 1.6 mCi of thallium-201. Initial studies were ac- 
00,000 counts per view, using a low energy con- 
collimator. In 42 patients, delayed views were 
urs after injection using the same acquisition 
nding initial view. Images were acquired 
ix and processed using a dedicated PDP 
ter (Digital Equipment). After interpolative 


C icumiscribed i in a rectangular region manually. 
i hms, 8 equal rectangular segments designed to 
ricle in each projection were automatically 
Sane on thes image (Fig. 1). On each 


mentsi in patients underesing bardia catheterization 
fusion defect in the anteroseptal region. was pre: 
abnormal segments were found in segments 1 to 3: 
terior view or 6 to 8 of the left anterior oblique 45° vi 
1). A thallium-201 defect index (TT) was constructed to 
defect size using the formula: 


where N = the total number of abnormal segn 
ADPi = the percent reduction in thallium-201 ; 

ith abnormal segment. This index has been repr 
our laboratory with a high correlation between dup. 
and interobserver determinations (r= 0.97 and bd 
tively; n = 15). 


215% in thallium- 201 activity for a-given segmen 
sidered evidence of thallium-201 redistribution. 

of 17 patients with previous inferior MI undergo: 
catheterization, we found the. presence of sign 
segments) resting thallium-201 redistribution to hav 
sitivity of 67% and a specificity of 100% in detecting 
vessel disease? 

Multiple gated blood pool imaging of the left ventr 
accomplished immediately after completion of thalliu 
scintigraphy. Studies were performed with the patient i 
modified left anterior oblique 45° position. According to 
procedure of Pavel et al,” patients received an init 
venous injection of 7.7 mg of stannous pyrophosphate ( 
linckrodt) in 1 ml of physiologic saline solution. Twe 
minutes later the patient received. an intravenous. inject: 

of 20 mCi ef technetium-99m pertechnetate (Union Carbic 
Data collection in the gated synchronized mode was bee 
minutes after administration of the radionuclide. o 


modifications of those described by Green et al! and Made 
et al. © Scintillation X-Y- coordinates were sorted: addi V 


LAO — 45° 


ANTERIOR 


FIGURE 1. For computer scoring of each set.of scintigraphic vie 
each view was divided into 8 3 saamems, as shown: LAQ = ep anteri 
oblique.. : 








FIGURE 2. For calculation of regional ejection fractions, the left ven- 
tricular region of interest in the left anterior oblique projection was 
automatically divided into regions, as shown. LV = left ventricle; RV 
right ventricle. 


in forty-two 64 X 64 matrix frames after each R wave for ap- 
proximately 900 cardiac cycles. Data collection continued until 
million counts had been accumulated (15,000 to 30,000 
counts per frame within the region of interest). A time-activity 
curve was generated from the 42 frames and the end-systolic 
and end-diastolic frames were identified. A left ventricular 
region of interest was defined with a user-dependent, irregular 
region-of-interest program. An automated computer 
acroalgorithm was then used to find the greatest vertical and 
horizontal dimensions of the region of interest and to con- 
struct the associated rectangle by which it would be circum- 
scribed.. The circumscribing rectangle was divided into 8 
segments and superimposed on the region of interest. Portions 
of the rectangle that were outside the region of interest were 
erased. Three rectangular background areas were defined by 
computer and placed at the region of interest’s lateral, septal, 
and apical sides (Fig. 2). The 2 segments overlying the cardiac 
base were discarded because of proximity to the atria and 
great vessels. The remaining 6 segments were combined into 
3 larger segments representing the anteroseptal, apical, and 
_ inferoposterior regions. Regional EFs were calculated from 
_ the corresponding time-activity curve using weighted back- 
‘ground subtraction, as described by Maddox et al.!! 
oo Jn 12 hospitalized. patients with healed previous MI, the 
‘coefficient of variation for replicate EFs obtained 3 or more 
ys apart in each patient was 3.5%. In these same patients, 
coefficient of variation for regional ejection fractions 
nged from 4 to 10% with this technique. In addition, our 
ratory previously reported high correlations between 
ionuclide-derived regional EFs and corresponding angio- 
waphically determined segmental wall motion {r = 0.70 to 
8). 








Patient follow-up and mortality: Fourteen. of the 70 pa- 
ients died, 7 during hospitalization and 7 after discharge. 
ree of the latter deaths occurred 1.5 to 6 months after MI, 
and 4 occurred 6 to 24 months after MI. All deaths were judged 

_ cardiac in nature: 3 inhospital deaths were related to sudden 
- pump failure; 4 occurred after the onset of cardiogenic shock. 





Two posthospitat deaths \ were e sudden, 3 occurred alter doc- 


TABLE! Clinical Characteristics of Patients 


























aroro 8 B 











` Group-å 
T|) (No STj) © 
(n = 47) (N= 23) 0 
Age (yr): Mean and range 60 (35-78) 59 (45-72) 
Interval (A) from chest 3.4 (1-12) 3.4 (1-10) 
pain to admission 
Interval (h) from chest 11 (2-48) 11 (2-18) 
pain to study 
Killip Ii 8 0 : 
CXR findi 6 0 i 
Peak creatine kinase 1,856 + 1,133 1,135 + 705". 
(mean + SD) ue 
Deaths 13 1 
*p <o. 005. 





CXR findings = vascular congestion on initial. chest X-ray; sD 
standard deviation; ST| = initial precordial S-T segment depression 
of = 1 mm in at least 2 leads from V; to V4. Si 


umented reinfarction; and 2 were related to pump failure after 
coronary bypass surgery. The 56 surviving patients were fol: 
lowed up 6 to 30 months (mean 14) after MI. : 
Data analysis: The significance of a difference between 
means was tested by the Student’s ¢ test. The significance of | 
an association between variables was tested by continuity- 
corrected chi-square analysis. ee 
To assess the relative influence of each risk factor when 
considered simultaneously with others, a multivariate analysis. 
using multiple logistic regression was performed (BMD-PLR). _ 
Regressions were performed using mortality at 3 weeks, 6 
months, and overall mortality as the endpoint. In this analysis, : 
all prognostic variables and their interactions were offered as 
candidates for the model; the first variable selected was the. 
risk factor with the strongest influence on mortality. Subse- . 
quent variables were selected in a stepwise manner if their 
addition to the model resulted in a significant i improve A 
in the model as assessed by the “improvement in fit” chi- 
square.’ This statistic was derived from the log of the ratio _ 
of the maximized likelihood functions of the current to can: 






_didate model and was considered significant if >3.84 (chi- 


square for 1 degree of freedom at a = 0.05). 


Results 


+ Of 70 patients, 47 had significant prećordial 
segment depression on admission (Group A) a : 
not (Group B). Clinical characteristics of each group are _ 
presented in Table I. The mean times of evaluation from _ 
onset of symptoms were similar in the 2 groups. Group. 
A had a higher mean peak creatine kinase leve 
more patients with clinical and radiographic | 
of congestive heart failure on admission. | 
occurred in Group A. 
Radionuclide studies: Group A patients h 
left ventricular EF of 45 + 10, significantl; 
the mean EF in Group B patients, 52 + 
(Table II). Of 46 Group A patients, 9 had a seve 
depressed left ventricular EF (<40%), compared with — 
only 1 of the 22 Group B patients. In the past, we noted. 
a good correlation between left ventricular EF and 
creatine kinase-MB infarct size.!2 2 Therefore, the greater 
degree of left ventricular dysfunction in Group 
tients suggested the presence of larger Mis 























_ bility of “distant” regional wall m 





contributing to global dysfunctio remain d. 


Characteristics 


Group A Group B 
(ST}) (No ST4) 


45 + 10 52477 
54 t 13 56 + 12° 
40+ 14 52 + 13% 
2147 16 + 6t 
17/47 (36%) 5/23 (22 %)* 
8/31 (26%) 4/11 (36%)* 











05. 
‘are ‘expressed as mean. + standard deviation. 
lex = thallium-201 defect index; REF = regional ejection 
fraction st = initial precordial S-T segment depression of Z1 mm 
in atleast 2 leads from V4 to V4. 


ABLE Ill Univariate Analysis: 6-Month Mortality 
Predictive 





Sensitivity Specificity 





n 


58/60 
56/60 
56/60 
55/60 
23/60 
22/60 


CK = peak creatine kinase > 1,000 [U/liter; CXR findings = vascular 
ge ion on chest X-ray; Defect index = thallium-20 1 defect index 
7.0: LVEF = left ventricular ejection fraction <40%; ST] = initial 

S-T segment depressions of 21 mm in at least 2 leads from 








ng egional EF analysis, we assessed possible 
regional wall motion abnormalities be- 

groups. Group A patients had a mean in- 

a of 40 + 14, which was significantly 

that in Group B pes whose mean in- 


alities i in the region of MI, rather than wall 
ormalities distant to the site of infarction, 
ount for the greater LV dysfunction in 


nts had a larger mean thallium-201 

index than did patients in Group B, 21 

6, p <0.005 (Table II), which also 
resence of larger infarcts in Group A pa- 

ing the presence of thallium-201 defects or 
1 redistribution abnormalities in anterior 

s evidence of ischemia, we found no 
precordial S-T segment depression 

Of 46 -sowapreh in Group A, 17 had 


a by the results of the wala otion studi 
Group A patients had larger contiguous areas of i 
farction or ischemia, but no increase in abnorm. 
in the septum or anterior wall distant to the site 
M 


Risk factor analysis: The presence of precordial 
segment depression in this patient population ap 
to be a marker for larger MIs. Other variables 
infarct size and left ventricular dysfunction 


risk factors in acute MI.5-!4-!6 To evaluate the 
prognostic importance of precordial S-T segm 
pression, this risk factor was compared with 
clinical, enzymatic, and radionuclide variables ir 
Killip classification, presence of pulmonar 
redistribution or interstitial edema. on. initial 
X-ray, peak creatine kinase, initial left ventr 
and thallium defect size. 

Univariate analysis: The sensitivity, pedii 
predictive value for overall mortality was. computed | 
each risk factor from 2 X 2 contingency table: 
predictive value of a risk factor was equivalent to 
proportion of patients with the risk factor whose mi 
tality was correctly predicted. Sensitivity was equiva 
to the proportion of patient deaths in which t 
factor was present and specificity was equivalent tot 
proportion of survivors in which the risk factor \ 
absent. In the analysis presented, 6 month mortality 
the end-point used. Analysis of inhospital and over: 
mortality revealed similar findings. o 

Univariate analysis indicated that routine oi i 
methods of risk assessment had the highest pre 
values for 6 month mortality. The presence o 
moderate congestive failure on physical exan na 
(Killip II classification) had a predictive value of 7 
for this endpoint and the presence of vascular conge 
tion on chest X-ray had a predictive value of 67% (Ta 
HI). In comparison, the presence of precordia S 
segment depression was a poor prognostic factor i 
a predictive value of 21%. Although this risk factor was 
present in 100% of the patients that did not surv 
months, it was also present in over 60% of the patients 
that did survive that period, indicating a high false 
positive rate. Both radionuclide EF and thallium-2 
defect size were significant prognostic descriptors on 
univariate analysis. The EF appeared to be more sen- 
sitive and specific. The predictive value of a 38 
EF of <40% for 6-month mortality was 60%. 
atine kinase level was not significantly associate 
mortality because right ventricular infarction and righ 
ventricular contribution to creatine kinase were pre 
in many patients. 

Multivariate analysis: To evaluate their relativi 
influences on mortality, the prognostic risk factors were 
then submitted to multivariate analysis using a ste] 
logistic regression. With this. technique, the variak 
with the greatest independent influence in predict 
mortality is selected first; other variables wit 
cant prognostic influence are then added to the moc 






































2 Logistic Regression Analysis __ 








Significant Risk Factors 
o (in Order of Selection) 
In-hospital mortality LVEF 





Killip H 
:6-month mortality LVEF 
eee Killip II 
ee i CXR findings 
Mortality at last Killip Il 
follow-up LVEF 


* Based on the multiple logistic function p = 
associated with risk factors X;. 
iT T b/s(b) >1.96 tests the hypothesis Ha:b0 at a <0.05, 


ina stepwise fashion until no further significant im- 
provement in the prediction of mortality occurs. In- 
hospital, 6-month, and overall mortality were investi- 
gated. . 

In agreement with univariate analysis, the most im- 
portant risk factors appeared to be Killip class II, a 
depressed initial EF of <40%, and findings of pulmo- 
nary congestion on initial chest X-ray (Table IV). The 
EF was selected as the most important risk factor in 
predicting in-hospital and 6-month mortality. Although 
this risk factor was also selected for mortality at last 
follow-up, the associated regression coefficient. was of 
borderline significance. Killip II classification was a 
gnificant independent risk factor for all 3 end-points 
d the most important risk factor in the analysis of 
erall mortality. The presence of vascular redistribu- 
tion or interstitial edema on initial chest X-ray im- 
proved the prediction of mortality at 6 months. The 
presence of precordial S-T segment depression was not 
selected as a significant independent risk factor at any 
of the 3 time intervals investigated. 





Discussion 


The importance of noninfarcted but potentially 
ischemic areas in acute MI has recently been recognized. 
Patients who experience postinfarction angina with 
“distant” ischemic changes on electrocardiogram appear 
to be at high risk!’; the presence of S-T segment de- 
pression on post-MI stress testing also appears to be a 
marker for increased risk.!8 Precordial S-T segment 
epression is frequently noted initially in acute inferior 
T. These changes may be due to anterior subendo- 
ial ischemia or a reciprocal phenomenon reflecting 
erolateral injury. Previous electrocardiographic and 
sy correlations have demonstrated the presence 








scardiographic changes.!%.20 Recently, Shah et al? 
oted an association between precordial S-T segment 
depression and anteroseptal wall motion abnormalities. 
hey proposed that anterior ischemia could account for 
the greater left. ventricular. dysfunction and higher 
orbidity and mortality seen in these patients. How- 





CXR findings = vascular congestion on chest X-ray; LVEF. = left ventricular ejection fraction <40%, 


1/1 + en + biXt + boxe + bX] where p = probability of death, b, = partial regression coefficients 


l osterolateral infarction in patients with these elec- _ 


er, the presence of anteroseptal wall motion abnor- __ 
malities has not been a universal finding. Goldberg et- 
i al studied a similar group of patients and found this 


-and location of the underlying infarction. 
donot indicate a separate ischemic process and do 
i have an "independent influence on post-M prog: 


Regression Standard 


Coefficients* Error of b 

(b) [S(b)] b/S(byt 
1.255 0.501 2.504 
1.252 0.513 2.438 
1.448 0.615 2.351 
1.445 0.640 2.2590 
1.888 0.832 2.263... 
1.159 0.421 2.751 
0.746 0.386 1.933 











electrocardiographic phenomenon to be associated: only a 
with increased posterolateral hypokinesis. The inter- 
pretation of wall motion abnormalities in acute MI is- 
subject to several problems.*! Methods used to judge. 
the presence and degree of hypokinesia on techne- 
tium-99m ventriculograms vary widely from center to + 
center. Although exercise-induced wall motion abnor- 
malities demonstrate high sensitivity and specificit 
detecting coronary artery disease,”2 these changes 
not be as sensitive or as specific in the context of resting 
studies performed during acute MI. 

Because of the foregoing problems, we attempted to 
evaluate the presence of anterior wall ischemia in 
tients with acute inferior wall infarction and precordi 
S-T segment depression using 2 independent mo 
ties: early quantitative thallium-201 perfusion scinti 
raphy and technetium-99m radionuclide ventric 
raphy. No significant differences were found between 
Group A and Group B patients when we examined an- 
teroseptal wall motion, the presence or absence ofan- 
teroseptal thallium-201 perfusion defects, or thal- 
lium-201 redistribution abnormalities. We did fi nd that < 
Group A patients had larger inferoposterior perfusion 
defects, lower global EFs, and greater posterior wall 
hypokinesis. These results suggest that a gr o 
of posterolateral infarction rather than an 
mia is the cause of precordial S-T segment depr sion 
in this setting. 

We then compared precordial S-T segment d 
sion to other risk factors reflecting infarc 
ventricular dysfunction. Our univariate 
cated that although mortality was highe 
patients, the specificity and predictis 
cordial $-T segment depression for m 
On multivariate analysis, risk facto 
class, chest X-ray findings, and radionucli 
found to have a greater influence on prognosi 
when these factors were considered, the prese: 
segment depression did not add prognost 
tion. 

Conelusion: The presence of precordial 
depression in acute inferior MI is related 
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standby rate and AV delay. 


The Rule Indicates: 
When the programmed maximum 
ventricular rate is reached. 


The Rule Displays: 
The PVARP for each combination 
of standby rate and AV delay. 


For your free AUTIMA DDD RULE, 
simply fill out the attached card 
and return, call your nearest 
representative, or drop by our 
booth at the ACC (Rivergate 
#1421). U.S.A. 


101 Inverness Drive East 
Englewood, Colorado 80112 
Telephone: 

(800) 525-7042 Toll Free 
(303) 779-4670 Colorado 
Telex: 454571 


CANADA 

8108 Yonge Street, Suite 212 
Thornhill, Ontario L4J 1W4 
Telephone: (416) 731-0620 
Telex: (21) 06968522 


EUROPE 

115 Regents Park Road 
London NW1 

United Kingdom 
Telephone: (01) 586-9791 
Telex: (51) 21677 


ASIA/PACIFIC 

2 Sirius Road 

Lane Cove, N.S.W. 2066 
Australia 

Telephone: (02) 428-2999 
Telex: (71) 20576 


SOUTH AMERICA 
Rua Marques de Itu 837 
4° Andar Conjs. 42/43 
Sao Paulo Sp.CEP 01223 
Brazil 

Telephone: 257-9652 
Telex: (38) 1132254 
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The Second Issue of the New Annual providing 
a multidisciplinary approach to the latest, most 
important information on the state- of-the- 

art of cardiovascular medicine and surgery 





written ty: 


William C. Roberts, M.D. Mary Allen Engle, M.D. 

Chiel, Pathology BranchiNational Heart, Stavros §. Niarchos Professor of Pediatric 
Lung. & Blond institute/National Institutes. of Cardioiogy/Director of Pediatric Cardiology! 
Health/and Clinical Professor of Pathology The New York Hospital-Cocnell University: 
& Madicing (Cardiology }/Georgetown Medical College , New York 

University School ol Medicine, 

Washington, B.C. Lawrence H. Cohn, M.D, 


AUTIMA® ’ Model 2251 Dean T. Mason, M.D, Professor of Surgery/Harvard Medical 


Sotronl/Department of Surgery/Division of 


Dual Chamber Pacemaker Professor of Mediċina and Thoracic & Cardiac Surgery/Brigham & 
Physiology, and Chief of Women's Hospital, Boston 5 
Cardiovascular Medicine, University 


of California, Davis School of n 
INDICATIONS Medicine and University Medical Apni Tea e verda ms 
Indications include: Center, Davis and Sacramento, Calitoria aii 


1, Maintenance of critivat atrial contrib to cardiac output in 
patients with ranging degrees of A-V block, m 

2: n increased rate and atrioventricular {A-V} What Ss CARDIOLOGY 1982? 
ee in of heart failure related to bradycardia 


Overdeiving certain tachyarrhythmias by Suppressing ectopic 
toot try etas andiveniticle-by: marveren fae e The second in an annual series to be published in the 


output through A-V synch entering and blocking SPRING each year 


reaniiant circus ioaps. and by maintenance ol a fixed P-R : 
interval ® A review of the year’s newest and most important 


Such indications may include: ee in cardiology — aes ta! 
+ Symptomatic pradycardia 
s Sinus bradycardia with A-Y block 
* Sick Sinus Syndrome 
* Certain drug-resistant reentrant tachycardia Cae o on an exhaustive search of thẹ year So 


® Atrial and ventricular ectopic arrhythmias 
literature 
Patents surg Vom eher al Hi lation or atria) flutter. even © A unique, cohesive summary of the state-of-the- art, 
when well ed of intermittent, may be detrimentally affected by written, not edited, by those making outstanding = 


an atrial g mode. A dual chamber pacemaker may also be 
anor onrale for certain patients with fetragrade conduction. as it devel opments in the field 


can lead to a form of tachycardia that is related to the pacing system 
; : i eè A practical approach to a complicated and fast-movin 
Muscle of nerve stimulation, body rejection phenomena, focal lissue ee 


reaction. skin necrosis, or embolism and cardiac tamponade may subject designed to be read and used daily. 
occur as with any implantable pulse generator 


PRECAUTIONS l CARDIOLOGY:1982 is NOT 


See physicians manual for the effects of electrical / magnetic : ; 

imerference, defibrillation. diathermy. random component tallure. and e A collection of unrelated reviews 
® An abstracting service 

For further information, conan your Telectronics representative or 


patery dep 
gah us tgl! free at (B00) 525-7042. In Colorado cal! (303) 774-4670 ® A reħashof materials readily available elsewhere 
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GIS has been designed to analyze in real time: 

‘ventricular ectopic beats (VEB), ventricular couplets 
(VC), ventricular tachycardia (VT), supraventricular 
premature beats (SVPB), and supraventricular 
chycardia (SVT). Missed beats, marked pauses, 
sustained ventricular tachycardia, bradycardia and 
- tachycardia are also differentiated by the system. 
_ When the 24-hour monitoring activity is completed, 
_ AEGIS provides the attending physician with a 
comprehensive summary report and confirming rhy- 
thm strips in minutes. The system is fully-auto- 
mated so no specially-trained office staff is required, 

herefore turnaround time and cost of the procedure 
: substantially reduced. 

Microcomputer Technology 

The AEGIS Real Time Analyzer, a powerful 8 bit 
crocomputer system, combines the recording and 
alyzing activities in one unit that analyzes each 
heartbeat i in real time, detecting, categorizing and 
counting arrhythmias as they actually occur. Because 
- the analysis is in real time, the system is able to 
3 pl y substantially more instructions per QRS than 
h more: powerful computer systems operating at 
240 times real time. 









































ate, consistent arrhythmia detection 

lyzes arrhythmias detecting departures 
hythm and morphology from each patient's 
reference. The AEGIS computer can find 
ference a patient's “normal” beat in less than 
inutes even under a wide variety of difficult 
ions such as chronic bigeminy, atrial fibrilla- 
bundle branch block. Furthermore, the 
rmal” reference beat is continually updated 





eviations exceed specified criteria, a mor- 
change is noted. 









rcoming e problema caused by artifacts 


ence ¢ torting information, AEGIS utilizes a series 


n office-based system gives you the clinical data you're 
used to getting... without specially-trained operators. 


a After more than six years of development and rigorous clinical evaluation, a microcomputer based system 
led AEGIS” is now available for ambulatory monitoring. 


ome the prol lem of artifacts and interfer- 






































of highly refined classification e da X 
from a data base of several hundred patients ` 
variety of morphologies, amplitudes and artifa 
A dual channel system, AEGIS also has the unique 
capability of being able to sense when artifacts 
overwhelming the usefulness of information and to 
switch automatically to the other lead signa f 
processing. 


Decision-making capability E 
The AEGIS 8 bit microcomputer system is 
mented by an analog preprocessor which perfo 
filtering, automatic gain control and QRS detec 
functions. Thus, the microcomputer has more 
and memory available for real time decision makin; 
In fact, AEGIS is able to apply many more co 
puter cycles in this decision making than far more 
expensive scanner systems operating at high speede. 





Simplification 
Because all analysis occurs within the compact | 2, 2 
pound AEGIS Real Time Analyzer, the conventional 
high-speed scanner is replaced by a simple, auto 
matic playback unit called a Report Generator. The 
need for a specially trained operator is eliminated 
Also eliminated are the dependence of reports on 
the qualitative perceptions of individuals and the 
inaccuracies or inconsistencies that result from 
operator variability and fatigue: 





Advantages to the physician. _ e 
The AEGIS System eliminates the iakon üm 
involved in using a scanning service— — diagnostic 
results are printed in the physician’s office, almost 
immediately. 

All components have built-in quality contro 
checks for rigorous verification of the system's 
integrity. Patient hook-up is identical to that of — 
conventional Holter ECG recording systems; and 
with minimal training, anyone can operate the Re- 
port Generator. Once begun, the printout process 
requires no operator attendance and rhythm strips 
as well as summary categorization reports are com 
pleted in minutes. 

AEGIS can significantly reduce the cost. of com 
plete Holter analysis, and since itis a software based 
system, the physician can keep it updated as n 
technological advances are made. AEGIS Ambula- 
tory Monitoring Systems, Medical Concepts, Inc. 
Mt. Laurel, NJ 08054 + Call 800- 257-5750. 
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rcen equals ness in 100 of developing 
ary heart disease within 6 years. 


from Coronary Risk Handbook: Baimaia risk of coronary heart 
ein daily practice. 1973, American Heart Assoc., Inc. 
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Minipre 


(DraZ0SIN HCI) 





= When selecting antihypertensive 
therapy, clinical consideration should 
be given to the effects of the specific 
drug on coronary risk factors. Blood 


l pressure control should be achieved 
- without adversely affecting blood 


lipids. 

Minipress Effectively 
Controls Hypertension 
Without Adverse Effect 
on Blood Lipidst 


a Minipress effectively treats 
hypertension. Patients have benefited 
from the effectiveness of Minipress 


-in over 5 years of clinical use in this 
_ country. 


= Minipress has been shown not to 


_ have an adverse effect on blood lipids, 
according to The Oslo Study and other 


reports.®? Because Minipress lowers 


high blood pressure and does not 


produce lipid changes which are 
potentially atherogenic, it provides 
your patient with a net reduction in 
risk. 


tMinipress is not indicated for the 


treatment of hyperlipidemia. 


Please see Minipress brief summary on following page. 


SS 
re mg 2mg,omg 


© 1982, Pfizer Inc. 





BRIER SUMMARY, ce Oe 
peal ed vinta hydrochiorida r rida) CAPSULES For Oral Use 
nolemrons. MINIPRESS® (prazosin ection r Oeni Uaa in the 

treatment of hypertension. As an antihypertensive drug, itis mild to moderate 

inactivity It can be used:as the initial-agent or it may be employed in a 

general treatment: program in conjunction. with: a diuretic and/or other 

antihypertensive ory s as heeded tor proper patient response. 

WARNINGS: MINIPRESS pom n hydrochloride) may cause 

syncope ‘sudden loss of consciousness. in most cases this ts 

helleved to be dus to an excessive ral hypotensive effect, 
although occasionally the l hae bean preceded tyes 
severe tachycardia of 120-160 beats per 
minute. Syncopal episodes have usually occurred within 30 to 

90 minutes of iniiai dose of the ; Occasionally they have 

been n in with: rapid increases or the 


or 

another antihypertensiva drug Into the regimen of a 

taking high doses of MINIPRESS (prazosin hydrochiorida). 

incidence of syncapal episodes is approximate! mn patients 

at inal dosa o 2a ar pronior lel conducted 
the | J i 


investigational pha: this suggest that syncopal 
spi can be minimized by limiting the fag dose of the drug 
to 1 mg, by fogs mently increasing the dosage siowly, and by 
ee rhe 's 
regimen with caution (sae DOSAGE ata abuiniatn 10N). 
patients given are 
receiving a bet blocker suchas propranolol. ; 

if syncope occurs, the patient should be placed in the recumbent position 
and treated supportively as necessary. This adverse effect is self-limiting and 
in most cases does not recur atter the initial period of therapy or during 
Subsequent dose titration, 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin. hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy. 

More common than loss of consciousness are the symptoms often 
associated with lowering of the blood pressure, namely, dizziness and 
ee The poieni should be cautioned about these possible 

ise effects and advised what measures to take shouid they develop. The 
patient should also be cautioned to avoid situations where injury could result 
should syncope occur during the initiation of MINIPRESS (prazasin 
hydrochloride) therapy 

Usage In mangy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS LA aa hydrochloride) in 
pregnancy has not been established. MINIPRESS (prazosin hydrochloride} is 
not recommended in pregnant women unless the potential benefit outweighs 
potential risk to mother and fetus. 

fe in Children: No clinical. experience is available with the use of 
MINIPRESS Pel hygrochioride) in children. 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS soe hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%. drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.3%, and nausea 4.9%. in most instances side effects have 
eee wilh continued therapy-or have been tolerated with no decrease 
in dose of drug. 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride}, some af them rarely. (in some instances exact causal 
relationships have not been established. 

(rll all vomiting, diarrhea, constipation, abdominal discomfort 
and/or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 
` Central Nervous Syster: nervousness, vertigo, depression, paresthesia, 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinaty frequency, incontinence, impotence, alpen. 

EENT; blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis, 

Single reports of pigmentary mottling and serous retinopathy and a few 
reports of cataract development or disappearance have been reported. in 
{hese instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate 

in more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal ophthalmological 
find mgs have been report 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual blood 
pressure response. The following is a guide to its administration: 

Dose: 1 mg two or three times a day (See Warnings.) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose 
ol 20 mg gen in divided doses. The therapeutic dosages most commonly 
employed have ranged from 6 mg to 15 mg daily given in divided doses. 
Doses higher than 20 mg usually do not increase efficacy; however a few 
patients may benefit trom further increases up to a daily dose of 40 mg given 
in divided doses. After initial titration some patients can be maintained 
ageguately on a twice daily dosage regimen. 

Use Other When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS (prazosin hydrochloride) should be reduced 
tol mgo 2 mo three times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, 
and unit dose institutional packages of 100 a x 10's); and 5 mg (blue and 
white #438) capsules in bottles of 250, 500 and unit dose institutional 
packages of 100 sd x 10's), 

More delaiiéd information available on request. 


References: 1. O'Conner DJ. Preston RA, Sasso EH: Renal perfusion 
changes during treatment of essential hypertension: Prazosin versus propran- 
olol J Cardiovasc Pharmacol Mupp): 38-542, 1979. 2. Falase AO, Salako 
LA: The effect of prazosin combined with a diuretic, polythiazidė, in pyperten- 
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4 piens Cardiovasc Pharmacol \(suppl)S43-555, 1979. 6. Leren P, Foss 

0; Helgeland A, etal: Effect of proprangiol and prazosin on blood lipids: The 
Oslo study. Lancet: 4-6, July 5, 1980. 7, Lowenstein J, Neusy A-J: The bio- 
‘chemical effects of antihypertensive agents and the impact on atherosclerosis. 
y Cardiovasc Pharmacol 4. (suppl 2):5262-S264,. 1982. 8. Kokubu T, ftoh t 
Kurita H, et al: Effect of prazosin on. serum tpi. J Cardiovasc Pharmacol 4 
(suppl 2):5228-S232, 1982.9. Velasco M, Silva’ H, Morillo d, et al: Effect of 
prazosin on blood lipids and on.thyroid tunction in hypertensive patients. J 
Cardiavase Pharmacol 4 (suppl 2):$225-S227, 1982: 
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the knowledge of world-renowned specialists to help 
you understand, diagnose, and manage infections 
which strike patients with: =. 
Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / 
Hepatic Insufficiency / Allograft Transplantation, etc. 


INFECTIONS 
IN THE ABNORMAL HOST 


Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. Hiustrated with 147 
Drawings and Photos, 78 in Full Color 


Infections in the Abnormal Host discusses 
in 36 revealing chapters the mechanics 
of host defenses ... the various under- 
lying disorders and the latest treatments 
by chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand; 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 


Check this list of chapters 
PARTI HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections « The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities e The Complement System in Human Disease » Structure and 
Function of Immunogicbulins » Human Lymphocyte Subpopuilations: 
Surface, Intracellular, Enzymatic Markers and Functions + Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function » Dryg- 


induced B and T Lymphocyte and Monocyte Dysfunction « Cutaneous, foo 
ake 


Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms: 
Relationship. to-Nosocomial Infections » The Effects of Malnutrition o 
Host Responses and the Metabolic Sequelae of Infections « Humoral and 
Cellular Responses to Infection : 


PART il INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


. Pyogenic Bacterial Infections « Higher Bacterial and Fungal-infections « 

Mycobacterial Infecticns + Viral and Chlamydial Infections « Protozoal: 
and Heiminthic Infections » infections Complicating the Transfusion of 
Blood, Blodd Products, Anima! Exposure and Animal Products e. niec- 

tions Complicating the Alcoholic Host + Infections in Parenteral Narcotic: 
and Drug Abusers e Infections Complicating Uremia and Organ Trans- 
plantation + infections in Patients with Neoplastic Diseases + tnfections 
Complicating Diabetes Mellitus » Diagnosis and Treatment of Diffuse. 


Preumonias » Host Deficiency States and Central Nervous System: infec f 


tions » Genitourinary Infections + infections Complicating the Rheumatic 
Diseases » Endovascular and Prosthetic Implant Infections « Intraocular.’ 


Manifestations of Systemic Infections + Selected Histopathologlé Respon- f 


ses + The Microbiology Laboratory In Diagnosis and Therapy « Infections. 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART li] MANAGEMENT 


+ Antimicrobial Therapy in the Compromised Host: Resistance, 

cology and Toxicity « Chemotherapy for Viral and Chlamydial infections « 
Chemotherapy for Protozoal and Helminthic Infections « infection: Preve 
tion in Patients with Cancer and Granulocytopenia + immunologic. Re- 
constitution « Gamma Globulin and Vaccine Therapy, «Index € O ne 


Yorke Medical Books, Box C-757, Brooklyn, NY 11205. 


Please send, on approval, copies: 
TIONS IN THE ABNORMAL HOST, edited ! 
H. Grieco. | will be free to read and consult the: 
any and all relevant situations for 30 days, If 1 
convinced it is a valuable professional tool, | wil 
it and owe nothing, Otherwise | will remit $79.95 
(Send invoice, plus shipping og 
C Payment enclosed, publisher pays shipping {same 

privilege) : ee 
£] Charge my credit card [C] MasterCard 


Card No, 
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: Radionuclide- Determined Changes in Pulmonary Blood 
'olume and Thallium Lung Uptake in Patients With 
oronary Artery Disease 


RICHARD A. WILSON, MD, ROBERT D. OKADA, MD, CHARLES A. BOUCHER, MD, 
H. WILLIAM STRAUSS, MD, and GERALD M. POHOST, MD 


xercise-induced increases in radionuclide-deter- 
ined pulmonary blood volume (PBV) and thallium 
ng uptake have been described in patients with 
oronary artery disease (CAD) and have been 
own to correlate. with transient exercise-induced 
ventricular dysfunction. To compare these 2 
ques in the same patients, 74 patients (59 with 
without significant CAD) underwent supine 

cle exercise twice on the same day—first for 

m myocardial and lung i imaging and then for 
netium-99m gated blood pool imaging for the 

, atio determination. Thallium activity of lung 
id myocardium was determined to calculate 
allium lung/heart ratio. Relative changes in PBV 
from rest to exercise were expressed as a ratio of 
pulmonary counts (exercise/rest). Previously re- 
yrted normal ranges for thallium lung/heart ratio 
BV ratio were used. The PBV ratio and thallium 

atio were abnormal in 71 and 36%, re- 

of patiente with CAD (p <0.01). Both 


duced changes in pulmonary blood volume 
e been noninvasively determined in patients 
igated blood pool imaging by previous work 
aboratory.' Most patients with coronary ar- 
"y, disease (CAD) had an increase in PBV during su- 
1e : No such changes were found in patients 
D and in patients with disease confined to 
nary artery. The increase in PBV was 
>to transient exercise-induced left ven- 
ction.? 
3 have described increased thallium lung 
initial postexercise thallium images in 


diac. Unit, Massachusetts General Hospital, Boston, 
S, te study ‘was supported i in. part T Grant HL-21751, 


ratios were normal in all patients without CAD 
though the resting ejection fractions did not í 
significantly in patients with normal versus 
with abnormal PBV ratios or thallium lung/he: 
ratios, abnormal PBV ratios and thallium lung/he 
ratios were associated with an exercise-ind 
decrease in ejection fraction. Propranolol us 
significantly higher in patients with abnorr 

in those with normal thallium lung/heart ratios 
<0.01). No significant difference in propranolol u 
was present in patients with abnormal or norm 
PBV ratios. In conclusion: (1) the prevalence of 
abnormal thallium lung/heart ratio is less than tt 
of the PBV ratio in patients with CAD; (2) both | 
are normal in normal control subjects; (3) p 
pranolol does not cause abnormal results in norm 
control subjects; however, propranolol may inf 
ence lung thallium uptake in patients with CAD; a 
(4) when both tests are abnormal, there is a ‘hi 
likelihood of multivessel disease. 


some patients with CAD.3-ë A study by Boucher 
showed that increased thallium lung activity reflec 
transient elevations in the pulmonary capillary we 
pressure during exercise and suggested that transi 
left ventricular failure caused increased thallium lun; 
uptake, Thus, 2 noninvasive radionuclide technique 
are now available for the detection of transien 
ventricular failure during exercise in patients wit 

This study compares these 2 techniques in the 
patient population. The purposes were to determi: 

the additive prevalence of either or both abnormal ra 

in patients with CAD, and (2) the significance of b 
ratios being abnormal or normal. 


Methods 


Patient population: We prospectively studied 74 patie: 
(60 men and 14 women) who were referred for evaluati 
chest pain syndromes. The mean age was 51 + 10 (sta 
deviation) years (range 28 to 75). Patients with conges 
heart failure, recent myocardial infarction, unsta 
or physical dirability hing o exercise were exclude 
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742 CHANGES IN LUNG VOLUME AND THALLIUM UPTAKE 





FIGURE 1. Representative thallium-201 images of a patient with CAD 
and increased lung uptake in the anterior projection immediately after 
maximal supine stress testing. The bottom image demonstrates the 
regions of interest used for the calculation of the lung-to-heart ratio. 
The patient had significant 3-vessel CAD. The thallium lung-to-heart 
ratio was 0.78. 


of the patients were New York Heart Association functional 
class III or IV. 

Thallium stress imaging: Patients were exercised supine 
in the fasting state on a table equipped with a bicycle er- 


- gometer (Cardiac Stress Systems, Engineering Dynamics, 


Lowell, Massachusetts). Electrocardiographic lead II was 
monitored continuously during exercise, and leads II, III, aVF, 
and V5 were monitored at 2- to 3-minute intervals during 
exercise. Arm cuff blood pressure was recorded every minute. 
The exercise work load was initiated at 150 kpm/min and in- 
creased by 150 kpm/min every 2 minutes until chest pain, 
dyspnea, leg fatigue, or S-T segment depression >2 mm by 
electrocardiography developed. Thirty seconds before the 
anticipated termination of exercise, 1.5 mCi of thallous 
chloride-201 (New England Nuclear, North Billerica, Mas- 


~ sachusetts) was injected by way of an indwelling venous 


catheter. Thallium imaging was performed with the patient 


in the supine position using an Ohio Nuclear series 120 gamma 
camera (Ohio Nuclear, Solon, Ohio) equipped with a low en- 
ergy all-purpose collimator, employing a 30% energy window 
centered around the 60 to 80 keV mercury x-ray peak of 
thallium. Imaging was begun immediately after the cessation 
of exercise. Initial images were collected in a 128 X 128 byte 
mode matrix format in the anterior and 50° left anterior 
oblique projections for 6 minutes each. Delayed images were 
collected at 2 to 3 hours after exercise in the same projections 
for 6 minutes each. Approximately 200,000 counts were col- 
lected per image. Images were collected using a portable car- 
diac computer system (MUGA-CART, Medical Data Systems, 
Ann Arbor, Michigan). Field uniformity of the camera was 


SO Pe 


checked and corrected each day using a Cobalt-57 disc source 
for flood images. 

Exercise gated blood pool imaging: After the delayed 
thallium images were obtained, rest and exercise gated blood 
pool imaging were performed. Three milligrams of stannous 
pyrophosphate (Pyrolite, New England Nuclear, North Bil- 
lerica, Massachusetts), followed 30 minutes later by 20 mCi 
of technetium-99m-labeled pertechnetate, were given intra- 
venously for in vivo labeling of red blood cells. The scintilla- 
tion camera was repeaked at 140 keV with a 25% window and 
initial rest studies were performed with the patient in the 
supine position. Images were recorded in the anterior pro- 
jection and in the left anterior oblique projection which dis- 
played the ventricular septum most homogeneously (ap- 
proximately 50° left anterior oblique). Since the techne- 
tium-99m photon flux was calculated to be 130 times greater 
than the thallium photon flux in the technetium energy win- 
dow, the imaging effects of the previously administered 
thallium were minimal. The cardiac cycle was divided into 28 
equal segments. At least 200,000 counts were collected in each 
of the 28 frames at rest. Depending on heart rate, imaging time 
ranged from 5 to 10 minutes. Patients then exercised again to 
the same endpoints as in the first study. Multigated blood pool 
images were taken in the 50° left anterior oblique position for 
3 minutes during peak exercise. The mean number of 
counts/frame was 150,000 + 29,000 (standard deviation) for 
blood pool images obtained during exercise. 

Lung thallium-201 analysis: The anterior thallium studies 
were condensed from a 128 X 128 byte mode matrix to a 64 X 
64 word mode matrix and displayed on a cathode ray tube for 
quantitative analysis. Two independent observers identified 
a region of interest over 1 of the 3 segments of myocardium 
in the anterior view (anterolateral, apical, or inferior) with the 
highest count density and a region of interest over the left 
upper lung field (Fig. 1). A printout of the counts per picture 
element for each region of interest was then obtained for the 
initial thallium images. The mean + 1 standard deviation total 
counts in the lung and myocardial regions of interest were 
5,152 + 2,157 and 9,588 + 4,223, respectively. Lung thallium 
activity was expressed as a percentage of the maximal myo- 
cardial counts for each image (thallium lung/heart ratio). For 
the purposes of this study, the upper limit of normal for the 
thallium lung/heart ratio was defined as 2 standard deviations 
above the mean for a previously reported group of control 
patients (<0.545).6 

Pulmonary blood volume ratio analysis: The ratio of 
PBV counts between exercise and rest was determined from 
the 50° left anterior oblique end-diastolic frame as previously 
described.” The PBV ratio was determined in this projection 
since this projection is the only one routinely acquired during 
exercise in most laboratories. Two independent obsegvers 
determined pulmonary blood volume counts at exercise and 
rest without knowledge of cardiac catheterization results. The 
PBV ratio was calculated as the pulmonary counts during 
exercise divided by counts at rest after correction for differ- 
ences in acquisition times. Thus, a ratio <1.0 corresponded 
to a decrease in PBV during exercise, and a ratio >1.0 to an 
increase in PBV with exercise. The ratios determined by the 
2 observers were averaged to produce a single value for each 
patient. A PBV ratio was considered abnormal if it was =1.06, 
which represents the upper limit of 2 standard deviations 
above the mean value for a group of previously reported con- 
trol patients.! An example of the regions of interest at rest and 
exercise used to calculate the PBV ratio is shown in Figure 
2: 

Ejection fraction analysis: The rest multigated blood pool 
imaging ejection fraction was determined from the left ante- 
rior oblique projection utilizing a semiautomatic edge detec- 
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TABLE! Percentage of Patients With Abnormal Thallium 
Lung/Heart Ratios and Pulmonary Blood Volume 
Ratios in Groups of Patients With and Without 











Coronary Artery Disease 
% of % of 
Patients With Patients With 
n Abnormal TI L/H Abnormal PBV 
No CAD 15 0 0 
Single-vesselRCA 6 33] 173) 
Single-vessel LAD 15 EA Ara On pear 73 
or CIRC 
2- or 3-Vessel 38 39 * 79 
All CAD 59 36 X 71 








CAD = coronary artery disease; CIRC = circumflex coronary artery 
disease; LAD = left anterior descending coronary artery disease; RCA 
= right coronary artery disease; TI L/H = thallium lung/heart ratio. 

Brackets indicate statistically significant differences between groups 
(p <0.05). 

* p <0.05. 


tion program. A box was positioned to encompass the entire 
left ventricle at end-diastole. Beginning at the center of the 
ventricle, the program searched outward in a radial fashion 
until a matrix point was reached that satisfied 1 of 2 criteria. 
The first criterion was that the 2-dimensional second deriv- 
ative be equal to zero. The second criterion was that the 
number of counts at a matrix point be less than a given 
threshold value selected by the observer. In this manner, the 
left ventricular edge was defined for each frame. A background 
region of interest was selected by the program for a region 
outside the end-systolic frame. The ejection fraction was 
calculated as end-diastolic counts minus end-systolic counts 
divided by end-diastolic count minus background counts. 

Cardiac catheterization and angiography: All patients 
underwent left heart catheterization, coronary angiography, 
and left ventriculography within 1 week of the radionuclide 
studies. Coronary arteriograms were read by 2 independent 
observers. Significant stenosis was defined as >50% reduction 
in the intraluminal diameter of a coronary artery in at least 
2 projections. 

Statistical analysis: Comparisons of patient groups with 
normal or abnormal PBV ratios and thallium lung/heart ratios 
were made using chi-square analysis or Fisher’s exact test. 
Data for groups of patients were expressed as mean + stan- 
dard error of the mean. Comparison between quantitative 
thallium lung/heart ratios and between PBV ratios and pa- 
tient groups was made by a one-way analysis of variance and 
the Newman-Keuls multiple comparison test. 


3 Results 


Clinical and angiographic findings: Of the 74 pa- 
tients, 59 had significant CAD: 21 patients had single- 
vessel CAD (15 had isolated left anterior descending or 
circumflex CAD and 6 had isolated right CAD) and 38 
patients had multivessel (2- or 3-vessel) CAD. Forty-one 
patients with and 5 patients without CAD were taking 
propranolol during the study period. Twenty-eight 
patients with CAD had a history of previous myocardial 
infarction. 

Thallium lung/heart ratio analysis: Table I shows 
the percentage of patients with abnormal thallium 
lung/heart ratios in groups of patients with CAD. All 15 
patients (100%) with no significant CAD had normal 

thallium lung/heart ratios using a previously reported 





FIGURE 2. End-diastolic frames from multigated blood images recorded 
in the left anterior oblique position at rest (top) and peak exercise 
(bottom). Regions of interest are included. The ratio of pulmonary blood 
volume during exercise compared with that at rest was 1.10 in this 
patient with CAD. Note that this exercise-induced increase in pulmonary 
activity is not apparent on visual comparison of the images at exercise 
and rest. 


normal range. Of the 59 patients with significant CAD, 
21 (86%) had abnormal thallium lung/heart ratios. The 
percentage of patients with abnormal thallium lung/ 
heart ratios in the group with no CAD was significantly 
different from (1) the group with single-vessel left an- 
terior descending or circumflex disease (27%), (2) the 
group with multivessel disease (39%) (p <0.05), and (3) 
the group of patients with CAD as a whole (36%) (p 
<0.01). The prevalence of an abnormal thallium lung/ 
heart ratio was not significantly different in patients 
with a history of a previous myocardial infarction (39%) 
and those without such a history (32%). 

Figure 3 shows the thallium lung/heart ratios (mean 
+ standard error of the mean) for groups of patients. 
There were significant differences between the normal 
(no CAD) group (0.87 + 0.02) and (1) the group with 
CAD as a whole (0.50 + 0.01) (p <0.001), (2) the group 
with single-vessel left anterior descending or circumflex 
disease (0.48 + 0.03) (p <0.01), and (3) the group with 
multivessel disease (0.52 + 0.02) (p <0.01). Although 
the thallium lung/heart ratio tended to be lower for 
patients with disease confined to single-vessel right 
CAD (0.44 + 0.04) than for those with multivessel dis- 
ease (0.52 + 0.02), these differences did not reach sta- 
tistical significance. 









































Palmonaty blood volume ratio : 
indicates the percentage of patients with abnormal PBV 
ratios for eaċh group. All 15 normal subjects (100%) had 
_ PBV ratios that were within the previously reported 
< normal range from this laboratory. Of the 59 patients 
_ with significant CAD, 42 (71%) had abnormal PBV ra- 
os. The percentage of patients with abnormal PBV 
tios with CAD confined to the right coronary. artery 
%) was significantly lower than the percentage of 
ent. with abnormal results and either single-vessel 
terior descending or circumflex CAD (73%) or 
essel disease (79%) (p <0.05). The prevalence of 
normal PBV ratio was not significantly different 
atients with a history of a previous myocardial in- 
farction (68%) and those without such a history 
( 


Figure 4 demonstrates the PBV ratio for the different 
patient groups. There were significant differences in the 
BV ratios in normal patients (0.96 + 0.01) compared 
th patients with either single-vessel left anterior de- 
scending or circumflex disease (1.15 + 0.04) (p <0.01), 
or compared with patients with multivessel CAD (1.13 
+ 0.04) (p <0.05). Although the PBV ratios for single- 
ssel right CAD (1.00 + 0.04) tended to be lower than 
the PBV ratios for either single-vessel left anterior de- 
scending. or circumflex disease (1.154 0.04) or for 
ultivessel disease (1.13 + 0.04), these differences did 
not reach statistical significance. 

Pulmonary blood volume and thallium lung/ 
heart ratios: PBV ratios were abnormal in 42 of 59 
(71%) while thallium lung/heart ratios were abnormal 
-21 of 59 (36%) patients with significant CAD (p 
<0.001) (Table I). The combined prevalence of either 
an abnormal PBV or thallium lung/heart ratio (81%) 
was higher than the prevalence of an abnormal PBV 
ratio alone (71%) in the patients with CAD. However, 
he ratios were both normal in all normal controls. PBV 
tios were abnormal in 1 of 6 (17%) patients, and 
hallium lung/heart ratios were abnormal in 2 of 6 pa- 
tients with single-vessel right CAD. However, PBV ra- 
tios in patients with single-vessel left anterior de- 
scending or circumflex disease were more likely to be 
abnormal compared with thallium lung/heart ratios in 
the same group (11/15 = 73% and 4/15 = 27%, respec- 
tively) (p <0.05). Similarly, the PBV ratio was more 
likely to be abnormal in patients with multivessel dis- 
ease (30/38 = 79%) compared with the thallium lung/ 
art ratio (15/38 = 39%) (p <0.001). 

Thirteen of 15 CAD patients (87%) with an abnormal 
ind thallium lung/heart ratio, 20 of 33 CAD pa- 
(64%) with either an abnormal PBV or thallium 
eart ratio, and 5 of 11 CAD patients (45%) with 
er an abnormal PBV nor thallium lung/heart ratio 
had multivessel CAD (p <0.05). Thus, there was a very 
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PBV and thallium lung/heart ratios were abnormal. 
Ejection fraction analysis: The mean resting left 
entricular ejection fraction seen by gated blood pool 
imaging was 65.0 + 2.1% for the patients without CAD 
and 63.0 + 1.5% for all the patients with CAD (differ- 






alysis: Table I 


ence not significant [NS]). The mean resting ejection. 
: fraction: for r pation with isolated night CAD o. Bk 
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FIGURE. 3. Pulmonary blood volume (PBV) ratios (exercise PBV/rest j 
PBV) in patients with and without coronary disease (no CAD = no sig- 
nificant CAD; single-vessel LAD or CIRC = single-vessel left anterior : 
descending or circumflex CAD; 2- or 3-vessel CAD = multivessel CAD: 
all CAD = all patients with significant CAD). * p <0.05 compared. with 7: 
the no CAD group. TI L/H Ratio = thallium lung/heart ratio. . oo 





























2A 1 | apes 
4.5 : 
| 
| | | è . 
Q 43e X | 
© š $ ž oe Le 
Rite | ? H E 
Q . | : $ 
aA]? i 
Oy 
0,.9r 3 : 
a 
0, Glare npn 
“NO CAD SINGLE 
VESSEL 
RCA 


FIGURE 4. Thallium lung-to-heart ratios on the immediate pos ce a 
image for patients with and without CAD (no CAD = no significant CAD; i 
single-vessel RCA = significant CAD confined to the right coronary : 
artery; single-vessel LAD or CIRC: = significant single-vessel CAD: 
confined to either the left anterior descending or circumflex coronary 7 
arteries; 2- or 3-vessel CAD = significant CAD involving 2or3 major 


<- coronary arteries [RCA, LAD, CIRC]; all CAD = all patients with sig- 
‘nificant CAD). Values are expressed as mean. + standard. error of tho oo 
i mean for sach t orpup. P <0. 91 1 Compared ; : : 
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as significantly higher than. the mean resting 
fraction for patients with multivessel CAD (61.1 
) (p. <0. OD but not isolated left anterior de- 
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FIGURE 8. Effects of propranolol on thallium lung/heart (TI L/H): 
PBV ratios. Patients. who were or who were not taking propranolol 
grouped according to the presence (CAD) or absence (no CA 
significant CAD. The thallium lung/heart ratio of patients with CAD w 
were taking propranolol was significantly higher than the thalli 
jung/heart ratio. of patients not receiving propranolol {" P <00 
respectively. Values are expressed as mean + standard error 
mean. 


patients receiving propranolol were not significant 


different from those in patients not taking propran 
The age, resting ejection. fraction, the change in ej 
fraction with exercise, and the number of diseased 
coronary arteries were not significantly different in t 
patients with CAD taking propranolol and those 
receiving propranolol (Table II). However, the p 
centage of the maximal age-predicted heart r: 
achieved during exercise was significantly lower 
tients taking propranolol than in those not takin, 
pranolol (p <0.001). Of the 21 patients with abno 
thallium lung/heart ratios, 19 (90%) were taking. pr 
pranolol at the time of the study. This percentage w 
significantly different from the 51% (27 of 53) of 
tients with normal thallium lung/heart ratios who we 
receiving propranolol (p <0.01). However, the pe 
centage of patients with abnormal PBV ratios who 
taking propranolol—69% (29 of 42)—was not $ 
cantly different from the 53% (17 of 32) of patie nt 
normal PBV ratios who were receiving propran 

Of the 15 patients with no significant CAD, 5 
taking propranolol and 10 were not. None of | 
abnormal PBV or thallium. lung/heart. ratios 
thallium lung/heart ratios of the 5 patients receivi 
propranolol were not significantly different from the 10 
patients not taking propranolol (0.36 + 0.02 and 0.39 
0.03, respectively) (Fig. 6). In addition, the PBV re 
of the 5 patients taking propranolol were not. sig 
cantly different from the 10 patients not takin 
pranolol (0.95 + 0.02 and 0.98 + 0.02, respective 


. resting ejection fraction, change i in ejection fr, 
. from rest to exercise, and p 
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TABLE M _ Findings in Patients Without Coronary anor 











ge, resting ejection fraction (EF), oe in ejection fraction (AEF) 
ction fraction units, the percentage of age-predicted maximal heart 
achieved during exercise (% max HR), and Number of of diseased 
essels in patients with coronary artery disease either taking or not 


aking propranolol. 
-Values are expressed as mean + standard error of the mean. 
NS.= not significant. 


naximal heart rate achieved were not different in nor- 
mal patients who were taking or who were not taking 
propranolol (Table II). The percentage of patients with 
JAD taking propranolol with abnormal thallium 
ung/heart ratios was significantly higher than the 
ercentage of patients not receiving propranolol with 
bnormal thallium lung/heart ratios (Table IV). There 
as no significant difference in the percentage of pa- 
ients who were and who were not taking propranolol 
ith abnormal PBV ratios. 


Discussion 


Pulmonary blood volume ratio: The results of this 
dy indicate that increases in radionuclide-deter- 
aimed PBV during exercise in patients with CAD are 
ommon, occurring in 71% of patients. Factors that- may 
crease PBV include decreases in myocardial con- 
ractility,~!° increases in left ventricular diastolic 
iffness,!! and diminished left ventricular relaxation.!2 
y increasing left ventricular end-diastolic pressure, 
these factors may cause an increase in pulmonary ve- 
ous pressure®10.18-18 and volume.!9 Two. previous 
udies, 1 using upright exercise and carbon-11—labeled 
‘bon monoxide inhalation,”° and the other using su- 
ine exercise and an invasive indicator-dilution tech- 
ique,”! have shown increases in PBV with exercise in 
atients with CAD. A more recent study from this lab- 
ratory using gated blood pool imaging with techne- 
jum-labeled red blood cells also found significant in- 





Vv Percentages of Patients Taking and Not Taking Propranolol With Abnormal Thallium Lung/Heart (Abn 
» Ratios and Abnormal Pulmonary Blood Volume (Abn PBV) Ratios 





Disease’ 
l Taking Not Taking 
Propranolol Propranolol 

n 5 10 
Age 47.4455 48.4 + 3.5 NS 
Resting EF 62.2 42.1 66.4 + 2.9 NS. 
AEF 5.4 + 3.2 7.6 + 2.2 NS 
% Max HR. 74.4 + 4.9 73.1 + 3.4 NS 


* Age, resting ejection fraction (EF), al " fosgen fraction ( 
in ejection fraction units, and the percentage 
heart rate achieved during exercise (% rahe fe K patients without 
coronary artery disease either taking or not taking propranolol. ; 

Values are expressed as mean + standard error of the mean: 
NS = not significant. : 







creases in PBV ratio with exercise in patients with . 
CAD.! a 
In the present study, the 6 patients with single-vessel _ 
right CAD tended to have a normal PBV ratio (only 1 _ 
of 6 patients had an abnormal PBV ratio). It is postu- 
lated that this finding is due to exercise-induced right 
ventricular ischemia which decreases right ventricular 
function more than left ventricular function, thereby _ 
preventing an increase in PBV ratio.! In support of this _ 
hypothesis is the observation that patients with 2-vessel 
disease involving the right coronary artery tended to _ 
have lower PBV ratios than patients with 2-vessel dis- 
ease not involving the right coronary artery. Also, pa 
tients with right CAD have been shown to have an ex 
ercise-induced decrease or no change in the right ven 
tricular ejection fraction while patients without right _ 
CAD tend to have increased right ventricular ejection _ 
fractions.”2°3 However, abnormal right ventricular — 
performance with exercise may also be related to an- 
abnormal left ventricular response to exercise 4 o o 
Thallium lung/heart ratio: Increased lung thallium _ 
activity has been qualitatively?4.25.°6 observed and © 
quantified* on initial myocardial i images in patients _ 
with CAD after treadmill+”6 and supine bicyele 
ercise.® Although the thallium-201 pulmonary € 
tion fraction is normally 9% on the initial t 
through the pulmonary vasculature,2°"° a previous ` 
study has shown that increased lung extraction of © 
thallium occurs in a model of left heart failure i 
left atrial pressure or pulmonary transit 
were increased.* Furthermore, Boucher + 
















































CAD = = coronary atey disease; NS = * not t significant. 





Taking Not Taking 
; : Propranolol Propranolol 
All:74 patients Abn TEL/H 19/46 (41%) 2/28 (7%) 
Abn PBV 29/46 (63%) yeas ie ) 
NoCAD | Abn TI L/H 0/5 ay ee 
he : Abn PBV => O10 jey E ING o a 
ACAD “Abn TELH `. 19/41 (46%) 2/18 (11%) Se i  EQOT oe 
_ Abn PBV: 29/41.(71%) : Aane (Tee) ee ea 





eased thallium iong activity occurred 
s with simultaneously measured increases in 
onary capillary wedge pressure during exercise. 
tudy, the mean value of the pulmonary capillary 
ge pressure during exercise in the group of patients 
ith increased thallium lung activity was 24 + 3 mm Hg 
1ean + standard deviation). This degree of pressure 
ion Lae shown to cause transudation of fluid 
ulmonary interstitial space,?! thus raising the 
iy that thallium may also leave the pulmonary 
(; cular compartment in. response to elevated 
nary capillary wedge pressures. Although direct 
idence for the location of thallium uptake in the lungs 
_ has not yet been obtained, it has also been noted? that 
the clearance of thallium from the lung within 2 hours 
is consistent with the known rapid clearance of inter- 
tial lung water.*! It is unlikely that the increased 
ulmonary activity is due to blood pool activity since 
_ the extraction efficiency of thallium from the blood is 
85% on each pass through the circulation and since no 
_ activity is seen in the left ventricular cavity. It also ap- 
rs unlikely that the increases seen in the thallium 
ng/heart ratio in this and in previous studies*~ are 
ue mainly to a decrease in myocardial counts since 
_ Bingham‘ found little decrease in absolute myocardial 
counts used in the denominator of the ratio. It is pos- 
le, however, that global ischemia due to severe 3- 
ssel CAD could result in diminished thallium uptake 
all areas of myocardium so that the thallium lung/ 
art ratio would be elevated. 
‘ombined pulmonary blood volume and thallium 
/heart ratio results: In the present study, the 
3V ratio was abnormal in 71% of patients with CAD, 
the thallium lung/heart ratio was abnormal in 36% 
atients with CAD. At least 1 of the 2 ratios was ab- 
in 81% of patients with CAD. Both ratios were 
all of the normal patients without CAD. Thus, 
g of either or both ratios being abnormal is 
h a high likelihood of CAD, whereas the 
1 ratios being normal is associated with 
ihood of CAD. The current study also dem- 
that when both ratios are abnormal, there is 
slihood of multivessel disease. 
ver prevalence of abnormal thallium lung/ 
t S in patients with CAD compared with the 
BV ratio requires further investigation. Several pos- 
ble reasons for the different prevalences exist: (1) The 
ratio detects excess blood volume in the pulmo- 
ulature which occurs rapidly with increasing 
r end-diastolic pressure. However, the 
eart ratio may depend on uptake of 
lung which may take longer. (2) The 
rt ratio uses only the initial postex- 
hile the PBV ratio uses rest and exercise 
ich tends to cancel out some of the random 
the determination of the PBV ratio. In ad- 
thallium may not have been injected at peak 
3) The thallium lung/heart ratio often uses 
teral myocardial wall activity for the de- 
or of the ratio. If this myocardial region is 
inated by overlying lung activity, thereby 
nominator of the. ratio o larger, the ratio 











































































would tend to be smaller because the lung counts 
tribute to the myocardial region of interest, thus 
tributing to a lower prevalence of an abnormal r 
(4) Rapid washout of thallium from the lung would 
tend to lower the thallium lung/heart ratio if the initi: 
set of images were delayed since the lung thalliun 
content has already decreased. (5) Less stringent upg 
limits of normal (+2 standard deviations above 
mean) may also increase the prevalence of an abn 
thallium lung/heart ratio in patients with CAD 
ever, this may also be accompanied by an increa 
cidence of abnormal results in patients without C 

Although our results were obtained in patients. 
coronary artery disease, patients with other diseases 
affecting the left: ventricle would also be expected 
demonstrate abnormal PBV and thallium lung/t 
ratios. Exercise-induced increases in left ventricu 
filling pressure would also be expected in patients wi 
volume or pressure overload states, or in patients: w 
decreased left ventricular compliance such as those wi 
cardiomyopathies or constrictive conditions. 

Effect of propranolol on thallium lung/hea 
ratios and pulmonary blood volume ratios: Patien 
taking propranolol at the time of the study were fount 
to have higher thallium lung/heart ratios than patier 
not receiving propranolol. This difference may be 
to patients with more symptoms, more severe diseas 
or both, being treated with propranolol so that t 
observation could be explained without invoking a 
rect causal effect of propranolol on the thallium lung, 
heart ratio. However, there was no significant differen: 
in the PBV ratio in patients taking or not taking pı 
pranolol. Thus it appears that propranolol may affı 
the thallium lung/heart ratio determination but caus 
little or no effect on the PBV ratio. The lower heart rate 
attained during exercise in patients receiving pr 
pranolol] may have resulted in a lower cardiac outp' 
prolonged pulmonary transit time, and increased ¢o 
tact time of the thallium bolus with the lungs‘ compar 
with patients with CAD not taking propranolol. Su 
an increased transit time has been shown to increas 
lung thallium uptake in experimental models.4 On t 
other hand, such an increased transit time would not bi 
expected to change the PBV ratio. 

Although propranolol may influence the thalli 
lung/heart ratio in patients with CAD, it did not appear 
to influence the thallium lung/heart ratio in patients 
without significant CAD: However, the small num 
of normal patients in this study does not allow the ex 
clusion of the possibility that a larger group of norma 
patients receiving propranolol may show statistica 
higher thallium lung/heart or PBV ratios (or both) th 
normal patients not taking propanolol. 

In summary, in the population studied, abnorm: 
PBV ratios and abnormal thallium lung/heart ratios ar 
quite specific markers of CAD. An abnormal PBV ra 
is more prevalent in patients with CAD compared with 
an abnormal thallium lung/heart ratio. When bot 
tios are abnormal in the same patient, there is a high 
likelihood: of multivessel CAD. Propranolol may influ 
ence the thallium lung/heart ratios in patienti with 
significant CAD. > 
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Sinus Node Coronary Arteries Studied With Angiography 


MICHAEL K. KYRIAKIDIS, MD, COSTAS B. KOUROUKLIS, MD, 
JOHN T. PAPAIOANNOU, MD, STAMATIS G. CHRISTAKOS, MD, 
GEORGE P. SPANOS, MD, and DIMITRIS G. AVGOUSTAKIS, MD 





Coronary angiograms of 309 consecutive patients 
undergoing coronary angiography were reviewed 
to investigate the blood supply to the sinus node 
area. Blood was supplied from the right coronary 
artery in 59% of cases, from the left coronary artery 


Since its original description by Keith and Flack,! the 
sinus node has been known to have a special arterial 
blood supply. Many postmortem studies have demon- 
strated that the sinus node artery (SNA), which is the 
largest atrial coronary branch, originates from the right 
coronary artery in approximately 60% of hearts and 


from the left circumflex in the remaining 40%.?-7 Of 300. 
human hearts studied at necropsy, Nerantzis and 


Avgoustakis’ observed a posterior sinus node artery 
(which they named “the S-shaped sinus node artery”) 
in 21% of the cases in which the sinus node artery arose 
from the left circumflex artery. The present angio- 
graphic study was undertaken to investigate the blood 
supply to the sinus node area. 


Methods 


We reviewed our hospital records and the coronary arteri- 
ograms of 309 consecutive patients who underwent coronary 
arteriography between April 1980 and December 1981. Of the 
309 patients, 205 had coronary heart disease and the re- 
maining 104 had valvular heart disease. There were 232 male 
and 77 female patients ranging in age from 19 to 70 years 
(mean 51). Coronary arteriography was performed with either 
the Sones or Judkins technique in standard projections. 

- The origin and course of the sinus node artery as demon- 
atrated in postmortem studies was as follows. The right sinus 
node artery originated from the proximal right coronary ar- 
tery, passed across the anteromedial wall of the right atrium, 
_and penetrated the atrial septum below the interatrial bundle. 
The left sinus node artery arose from the proximal portion of 
the left circumflex and coursed through the anterior ramus 
of the interatrial muscle bundle and then through the bundle 
itself. The posterior sinus node artery arose from the left cir- 
cumflex artery at any point throughout its length, curved 
gently upward and backward in the region of the left atrium 
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in 38%, and from both coronary arteries in 3%. The 
posterior sinus node artery was demonstrated in 32 
patients (27% of the 119 patients with the sinus 
node artery originating from the left circumflex and 
10.5% of all patients). 


between the atrial appendage and the left superior pulmonary © 
vein, and reached the atrial septum. From the atrial septum | 
each of these types reached the base of the superior vena cava © 
which it encircled as it penetrated the center of the sinus 
node.3:8 


Results 


In the 309 patients studied, 261 had a right dominant 
coronary arterial system (posterior descending artery 
originating from the right coronary artery), 45 had a left 
dominant coronary arterial system (posterior de- 
scending artery originating from the left circumflex), 
and 3 had a balanced type with 2 posterior descending 
arteries, 1 arising from the right coronary artery and 1 
from the left circumflex. 

The sinus node artery originated from the right cor- 
onary artery in 182 patients (59%), the left circumflex _ 





FIGURE 1. Right coronary arteriogram in right anterior oblique projection 
showing the origin of the sinus node artery (arrow). 
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FIGURE 2. Left coronary arteriogram in the left anterior oblique pro- 
jection. The sinus node artery (arrow) arises from the proximal portion 


-Of the left circumflex artery and courses cephalad along the body of the 


left atrium, behind the aorta, to the sinoatrial node. 


in 119 patients (38%), and both coronary arteries in 8 
patients (3%). 

The posterior sinus node artery was found in 32 pa- 
tients (27% of the 119 patients with the sinus node ar- 
tery originating from the left circumflex and 10.5% of 


| all patients). The posterior sinus node artery consti- 


tuted the sole arterial blood supply to the sinus node in 
26 of the 32 cases, and in the remaining 6 there were 2 
sinus node arteries arising from both the right coronary 
artery and the left circumflex. 

The posterior sinus node artery originated from the 
upper part of a divided left circumflex in 10 cases. It 
constituted a branch of the left circumflex in 16 cases and 
in 6 it formed the main continuation of this artery, 
following in every case the same basic route to the sinus 
node area. 


Discussion 


A detailed knowledge of the atrial circulation and its 
anatomy is important for a better understanding of 
cardiac physiology and from a surgical point of view. 
Fainting, syncope, and cardiac arrhythmias are char- 
acteristic clinical features of acute infarcts because of 
transient ischemia of the sinus node.®!° Incisions in the 
right or left atrial wall during mitral valve surgery, 


- clamping and excision of the right atrial appendage as 


during closed operation on the mitral valve, or insertion 
of a decompression catheter into this region may result 
in damage to the sinus node artery.® 

The sinus node artery has 3 anatomic variations 
demonstrating a different origin, course, and relation 
to the surrounding structures.? The right sinus node 
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FIGURE 3. Left coronary arteriogram in the left anterior oblique pro- 
jection showing the posterior sinus node artery (arrow) arising from the 
posterolateral part of the left circumflex and passing below the lower 
left pulmonary vein to the sinoatrial node. 


artery originates from the right coronary artery (Fig. 1), 
passes across the anteromedial wall of the right atrium, 
and then surrounds the superior vena cava, giving 
branches to the sinus node and the near tissues. The left 
sinus node artery arises from the proximal portion of the 
left coronary artery (Fig. 2) and courses through the 
anterior wall of the left atrium to reach the sinus node. 
The posterior sinus node artery originates from the 
posterolateral part of the left coronary artery (Fig. 3) 
and courses over the lateral wall of the left atrium be- 
tween the atrial appendage and the left superior pul- 
monary vein ending in the sinus node area. The poste- 
rior sinus node artery constitutes a branch of the left 
circumflex, an upper part of a divided left circumflex 
artery, or in the minority of cases a main continuation 
of the left circumflex artery.’ 


References 


1. Keith A, Flack M. The form and nature of the muscular connections betweert 

he — divisions of the vertebrate heart. J Anat Physiol 1907;41;, 
ad hy . 

. Gross L. The Blood Supply to the Heart in Its Anatomical and Clinical As- 
pects. New York: Paul B Hoeber, 1921:170-173. 

. James TN, Burch GE. The atrial coronary arteries in man. Circulation 
1958; 17:90-98. 

e vanes TN. Anatomy of the human sinus node. Anat Rec 1961;141:109- 


. Romhilt DW, Hackel DB, Estes EH Jr. Origin of blood supply to sinoauricular 
and atrioventricular node. Am Heart J 1968;75:279-280. 

- Kennel AJ, Titus JL. The vasculature of the human sinus node. Mayo Clin 
Proc 1972;47:556-566. 

- Nerantzis C, Avgoustakis D. An S-shaped atrial artery supplying the sinus 
node area. Chest 1980;78:274-278. 

» McAlpine WA. Heart and Coronary Arteries. New York: Springer-Verlag, 
1975:151-159. 

. James TN. Myocardial infarction and atrial arrhythmias. Circulation 
1961;24:761-776. 

. James TN. An etiologic concept concerning the obscure myocardiopathies. 

Prog Cardiovasc Dis 1964:7:43-64. x vi a 


o fo N OO HF & WOW WD 


= 
o 


eneficial Effects of Ibuprofen in Pacing-Induced 


ocardial Ischemia 


o AUL WALINSKY, MD, J. BRYAN SMITH, PhD, ALLAN M. LEFER, PhD, and 


"LESLIE WIENER, MD 


ysosomal membrane instability and platelet acti- 
ation are both associated with acute myocardial 
mia. The effect of ibuprofen on cathepsin D as 
jarker of lysosomal membrane “leakiness” and 
mboxane B, as a marker of platelet activation 

s evaluated in 44 patients with angina pectoris. 
amples of blood analyzed for cathepsin D, throm- 
Bo, and lactate were withdrawn from the 

ary sinus and brachial artery before and after 

ng to 140 beats/min for 4 minutes. Myocardial 
mia was. assessed by determination of 
ismyocardial lactate extraction or production. 
rofen (800 mg) or placebo was administered 
lly 2 hours before cardiac catheterization. Pa- 
tients were classified into 4 groups on the basis of 
stration of placebo or ibuprofen and the 

ce or absence of myocardial ischemia as 

| by. demonstration of lactate extraction 


of coronary venous efflux after atrial pacing 

n effective clinical means of understanding 
changes and pathophysiologic mechanisms 
mpany myocardial ischemia. We previously 
coronary venous efflux of thromboxane 

le hydrolytic product of thromboxane Ao, 
psin D after atrial pacing in patients with 
‘onary artery disease.' These patients 

f myocardial ischemia based on concur- 

ion of lactate production after atrial 


ne Ao, a platelet aggregator and coronary 
tor, could potentially exacerbate myocar- 
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or production after atrial pacing. 

in patients with lactate extraction, no signi 
efflux of cathepsin D or thromboxane B; 0 
after pacing. In patients with lactate prod 
given placebo, a 64 + 25% increase in the t 
boxane Bz level and a 113 + 37% increase in 
thepsin D activities occurred in the coronary 
effluent sampled after pacing. In contrast, in pa! 
with comparable coronary artery disease a 
comparable lactate production who were giv 
ibuprofen, no release of thromboxane B3 (p = 


occurred after pacing-induced ischemia. Th 
findings suggest that ibuprofen stabilizes m 
branes and prevents platelet-activated release 
thromboxane A, in pacing-induced myocar 
ischemia. 


dial ischemia by both obstructive and vasöconstti 
mechanisms. Cathepsin D, a lysosomal. hydrola: 
could. also exacerbate vocaal ischemia by its 
teolytic effect.+ Moreover, cathepsin D, a mark 
damage to the lysosomal membrane, could reflec 
release of additional lysosomal hydrolytic enzymes 
may be responsible for propagation of ischi 
damage. 

Ibuprofen, a nonsteroidal anti-inflammatory ag 
has been reported effective in enhancing lysc 
membrane stability and in decreasing rele 
thromboxane A» by inhibition of cyclo-oxygena: 
Ibuprofen has also been demonstrated to limit the e 
tent of ischemic damage in an animal model of acu 
myocardial ischemia.’ These effects of ibuprofen 
effective in experimental myocardial ischemia br 
not yet been assessed in patients with coronar 
disease. 

The purpose of this study, therefore, 4 was 
the effect of ibuprofen i in patients with coronar 
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Clinical and Catheterization Characteristics of Patients 











Group 
















































: .* p <0.05 compared with Groups | and II. 


Methods 


Forty-four patients were included in the current study. 
‘hese patients had been admitted to Thomas. Jefferson 
Jniversity Hospital for cardiac catheterization for evaluation 
f an anginal syndrome. Coronary artery spasm was not sus- 
ected in any patient. Patients with either stable or unstable 
ngina were included in the study, and randomized into pla- 
ebo.or ibuprofen groups. Two hours before catheterization, 
atients were given either 800 mg of ibuprofen orally, or pla- 
ebo; they received no other medication before the procedure. 
\ll other medications were withheld for 12 hours before 
atheterization, including beta-adrenergic blocking drugs and 
nitrates. Before coronary. arteriography and ventriculography, 
atrial pacing was performed. A size 7 Gorlin catheter was ad- 

anced from the brachial vein and positioned in the coronary 
us: A size 20 longdwell cannula was inserted into the right 
chial artery. 

amples of blood were simultaneously withdrawn from the 
coronary sinus and brachial artery to be analyzed for lactate, 

omboxane Bp, and cathepsin D. Samples, withdrawn in a 
eparinized syringe, were obtained at rest and immediately 
ter atrial pacing. The sample to be analyzed for lactate was 
mmediately transferred into a chilled glass tube containing 
lyethyleneglycol. The sample to be analyzed for throm- 
oxane By and cathepsin D was immediately placed in a 
Chilled 5 ml vacutainer tube (Becton-Dickson) prefilled with 
5% of EDTA and 100 um of sodium meclofenamate. These 
‘tubes were placed in an ice bath and handled as described 
erein. 

‘Atrial pacing was initiated at a rate of 90 beats/min and 
radually increased to a rate of 140 beats/min. Pacing. was 
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FIGURE 1. Percent change in concentrations of thromboxane Bz in 
venous: effluent sampled from the: coronary sinus. Thromboxane B3 
“concentrations immediately after pacing are compared with prepacing 
values (mean + standard error of the mean). There is; 













nificant dit- ue 
ference. between Groups Ml and Vs as 39 determined by a 2-wa analysis ae 


l ii it IV 
atients (n) 12 9 10 13 
Age (yr) 56.2 + 1.95 §2.0 + 2.40 58.9 + 2.54 56.9 + 2.00 
Sex 4F/8M 1F/8M 2F/8M 5F/8M 
Previous myocardial infarction § 6 6 8 one 
Vessels (n) with >50% obstruction 1.25 + 0.33 1.67 + 0.29 1.94 0.31 2.46 + 0.1837 © 
ft ventricular end-diastolic pressure (mm Hg) 12.9 + 1.6 16.2 + 1.8 15.14 2.2 15.5 + 1.8008 
ft ventricular ejection fraction 75.6 + 4.0 78.4 + 3.0 76.7 + 4.6 74.5 + 3.5 - 
tate extraction +21.90 + 4.10 +20.95 + 3.42 —60.35 + 16.99 —73.15 + 13.05 
ug: Placebo Ibuprafen Placebo Ibuprofen 


maintained at 140 beats/min for 4 minutes. Although pacing 
could be continued for 4 minutes in most patients, it waso- 
casionally discontinued early because the patient had severe 
chest pain. However, in no patient was pacing maintained for. 
less than 2 minutes. After atrial pacing, selective coronary 
angiography and ventriculography were performed. There ` 
were no complications or sequelae consequent, to the. atrial 
pacing procedure, and there were no adverse effects related i, 
to administration of ibuprofen. : 
Patients were excluded from this study if there was a 
history of ingestion or parenteral administration of any ste- 
roidal or nonsteroidal anti-inflammatory agent in the previous 
7 days. Informed consent was obtained from all patients before 
inclusion in the study. T 
Lactate extraction was determined as follows: Lactate ex- . 
traction = [(lactatesreriat — lactatevenous)/lactatearteriall 
x100. o 
Statistical analysis was performed by a 2-way analysis of 
variance With log transformation comparing the percent 7 
change in values- obtained after pacing with the prepacing 
control values. ; 
Lactate analysis was performed as previously described: B 
Analysis of plasma samples for thromboxane By was. deter-. 
mined by specific radioimmunoassay as described by Lewy. 
et al.” Cathepsin D activity was assessed by the spectropho- - 
tometric method of Anson using hemoglobin as substrate at 
a pH of 3.5.) All samples were performed in duplicate to : 
sure reproducibility. 




















Results 


Patients were classified into 4 groups on the basis of | 
whether they received ibuprofen or placebo. as well as a 
on the basis of manifestation of transmyocardi ; 
extraction or production after atrial pacin 
and II received placebo whereas Groups I 
ceived ibuprofen. Groups I and II demons: 
extraction after atrial pacing, whereas Gi 
IV demonstrated lactate production after p 
were 12 patients i in Group I, 9 patients i in Gr 
patients in Group ITI, and. 13 patients in 
(Table I). 

Clinical characteristics of the 4 groups 
Table I. There was no significant diffe 
male/female ratio, or incidence of previo 
infarction in the 4 groups. ‘There was no 
the medical regimen of patients in the 






























ction or eft ventricular end- diastolic’ pressure among 
| groups. There were no differences in the number 
ssels with >50% obstruction in patients in Groups 

| or Groups III and IV. Patients in Group IV had 
ater number of vessels with >50% obstruction than 
Groups I and II (p <0.05). Group I and II patients 
comparable lactate extraction after pacing, 
gesting no evidence of myocardial ischemia in the 
rained. Groups III and IV patients manifested 

able degrees of lactate production, suggesting 

yocardial ischemia. 

n Figure 1, the percent change in thromboxane Bo 
concentrations in the coronary sinus is demonstrated. 
‘Thromboxane. Be concentrations immediately after 
acing are compared with the values measured before 
ing. In Groups I and II, consisting of patients with- 
significant myocardial ischemia, there was a slight 
tease in thromboxane By concentrations after pacing 
31 + 36% and 43 + 36%, respectively). However, this 
‘as not statistically significant. In contrast, Group IHI 
xhibited a64 + 25% increase in thromboxane Be values 
ediately after atrial pacing. In Group IV patients, 
had a comparable degree of myocardial ischemia 
coronary vascular disease as Group III patients, 
here were no significant changes in thromboxane Bo 
ntrations after pacing (~11 + 4%). Ibuprofen thus 
inhibited the pacing-induced release of throm- 
cane Bo in patients with severe coronary artery dis- 
(p = 0.05, Group TII versus Group IV). 
re 2 summarizes the percent change in cathepsin 
es in the coronary sinus. Cathepsin D activities 
mediately after pacing are compared with activities 
asured before pacing. In Groups and II, no increase 
i cathepsin D activities was noted (13 + 14% and 29 + 
espectively). In Group III, a 113 + 37% increase in 
psin D values after pacing was observed. This in- 
athepsin D values differed significantly (p 
the response observed in Group IV pa- 
ceived ibuprofen (—14 + 15%). 


Discussion 


ave demonstrated that atrial pacing in patients 
icant myocardial ischemia results in an in- 
romboxane Bo values, confirming our earlier 
Occasionally in patients without demon- 
gnificant ischemia, plasma thromboxane 
rations were also elevated after pacing. 
his was not a consistent finding. The source 
boxane that is. generated after atrial pacing 
sumably it is generated in and around 
otic plaque and may be related to the 
telets and the pacing-induced change 
_of flow in the diseased vessel. Possible 
re sources of circulating thromboxane Bg in- 
oulmonary artery, the ischemic myocardium 
I coronary vessels.!! 
culating cathepsin D activities were el- 







































































na i previous study.* Although no evi- 
cardial infarction was noted in our 
of ischemia that was induced may 
the lysosomal ee ee 





i Groups | 





have been preexisting lysosomal i injury related to ihe 
underlying severe coronary disease. The stress of atrial 
pacing may then have been adequate stimulus to induce 
the further change in the lysosomal membrane required 
to enable hydrolase leakage out of the lysosome, simil 
to hypoxia or ischemia, which are known lysosome 
labilizing stimuli.!? 

A variety of anti-inflammatory agents both ster 
and nonsteroidal may block thromboxane Ao synth 
Glucocorticoids act by blocking the action | 
pholipases that release arachidonic acid and by 
lating the synthesis of a lipase that rapidly cl 
culating arachidonic acid.!4 The nonsteroidal ¿ 
inflammatory agents act by inhibiting cyclo-ox: 
nase—mediated conversion of arachidonic acid to pr 
taglandin endoperoxidases intermediary to the form 
tion of thromboxane Ag2.!® Glucocorticoids have be 
also demonstrated effective in the stabilization of | 
sosomal membranes.!¢ Among the nonsteroida 
inflammatory agents indomethacin, meclofenami ac 
and acetylsalicylic acid have been found unable: 
bilize lysosomal membranes in acute myocar 
ischemia in an experimental model.!” Ibuprofen, 
other hand has been found effective in stabilizi 
sosomal membranes and preserving myocardial i ip 
rity in acute myocardial ischemia.!® : 

The combination of inhibition of thromboxan: 
and stabilization of lysosomal membranes: may 
beneficial in the setting of acute myocardial ische 
Hence this study was performed using the mod 
pacing-induced myocardial ischemia to assess th 
hibitory effects of ibuprofen. 

There was no significant i increase in cathepsin D 
thromboxane By in the coronary sinus venous efflue 
samples in patients with no evidence of myocard 
ischemia; In contrast, there was a significant increa 
in thromboxane Be and cathepsin D values noted 
mediately after atrial pacing in Group III patients e 
hibiting pacing-induced severe myocardial ischemia. 
Group IV patients, with comparable coronary ar 
disease and with comparable myocardial ischemia 
lease of thromboxane Bz and cathepsin D was inh 
by the administration of ibuprofen. 



































# p<0.01 Group I vs. Group I 





FIGURE 2. Percent change: in cathepsin D activities in venou! eff 
sampled from. the. coronary. sinus: Values for cathepsin D 
immediately. after pacing are compared: with prepacin: 
+ standard error of the mean). There isa significant diff 
and iv as determined y; a 2-wa 50 












Generation and release of thromboxane Bo and y 
sosomal hydrolases may have deleterious effects in the 
setting of myocardial ischemia or myocardial infarction. 
Thromboxane As has been demonstrated to be released 
after experimental myocardial infarction.!® Inhibition 
of thromboxane Ag release by a specific thromboxane 
synthetase inhibitor resulted in a decrease in ischemic 
damage after coronary artery occlusion in cats.2° Con- 

ersely, administration of a synthetic thromboxane 
og resulted in an increase in ischemic damage.”! 

Release of cathepsin D may also be deleterious in the 

ing of acute myocardial ischemia. Cathepsin D is a 
arker of lysosomal membrane disruption, and thus 
lysosomal enzymes other than cathepsin D may be re- 
leased at the same time. These may induce additional 
proteolysis and lipolysis, resulting in membrane damage 
that may exacerbate myocardial edema and lead to 
further compromise of the coronary microcirculation. 
‘hus, inhibition of both of these phenomena by ibu- 
profen may be significant. Whether a specific throm- 
boxane synthetase inhibitor, as recently described, 
‘ould be of more specific benefit with regard to 
thromboxane inhibition remains to be determined.”* 

‘Several therapeutic procedures have been studied in 
patients with acute myocardial infarction and ischemia 
and have been demonstrated effective experimentally 
in the reduction of infarct size and limitation of ische- 
mia, including beta-adrenergic blocking agents, hyal- 
uronidase, nitroglycerin, glucocorticoids, cobra venom 
factor, and intraaortic balloon counter pulsation.23-?8 
In addition, recanalization of coronary artery thrombus 

acute myocardial infarction has also been demon- 
strated feasible and holds promise in limitation of in- 
farct size.29 Ibuprofen, by virtue of the mechanisms 
described in this study, should be added to the list of 

gents that may be effective in the limitation of infarct 
size in patients. Such an effect has been demonstrated 
in an animal model.’ In addition, ibuprofen may also 
complement other established therapy after coronary 
artery thrombolysis by limiting the extent of myocardial 
ischemic damage and by stabilizing platelets with the 
subsequent inhibition of thromboxane Ao generation. 
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nproved Exercise Ventilatory Responses After 
raining in Coronary Heart Disease During 
erm Beta-Adrenergic Blockade 


NEIL F. GORDON, MBBCh, PIETER E. KRÜGER, BA HONS, and 


ONES F. CILLIERS, MA 


ise ventilatory responses of 7 men with well- 
ented myocardial infarction receiving long- 

1 beta-adrenergic blockade were studied before 
fter 4 months of endurance training. Obser- 

s were obtained during graded levels of upright 
exercise continued until 85% of the pre- 
mined symptom-limited heart rate (working 
frequency limit). This submaximal testing 
ocedure revealed a significant slowing of the heart 
p <0.005) together with an increased oxygen 
<0.05) after training, for what was previ- 


patients after myocardial infarction. Endurance 
g may produce a number of physiologic ad- 
nonstrable or potential benefit in these 

1e major: a are thought to re- 


i t aoli level of metabolic activity.? 
peut | based on respiratory ann data 


uration after training in the presence 
lockade,*° whereas 1 report showed 


ously a maximal work load for the working h: 
frequency limit. In addition, all patients achieved 
increased exercise duration and work load, — 
companied by significant increases in maxim 
oxygen uptake (p <0.01), oxygen pulse (p <0.0 
and respiratory exchange ratio, for their work 
heart frequency limit after exercise condition 
These results show that prolonged physical trainir 
results in physiologic adaptations to cardiac reha 
bilitation in the presence of long-term beta-adr 
ergic blockade. _ 


for unequivocal evidence of an improved aerobic 
pacity. Accordingly, this investigation was underta 
to examine the ventilatory adjustments to exercise tl 
accompany gains in fitness when patients with a we. 
documented myocardial infarction (MI) r 
long-term beta-adrenergic blockade unde 
months of physical conditioning. 


Methods 


Seven ambulatory male survivors of a well-document 
acute MI involved in a cardiac rehabilitation exercise progr: 
were selected for study, Six patients were receiving a non: 
lective beta-blocking agent, and 1 patient a beta, -selecti 
blocking drug, as part of their medication in the followin; 
doses: 160. mg of propranolol hydrochloride i in 4 patients, 
mg of sotalol hydrochloride in 1 patient, 20 mg of tim 
maleate in 1 patient, and 50 mg of atenolol in 1 patient. The: 
doses remained unchanged throughout the investigatic 
Physical characteristics pertaining to the patients include z 
50 + 8 years (mean + standard deviation), height 180 + 5c 
and weight 84,4 + 10.1 kg. The interval between MI and e 
rollment i in the exercise program ranged from 3 mont] 15 to 


Before the study all patients underwent a symptom- 
stress test in the presence of their usual cardioactive m 
cations with use of the modified Bruce protocol anc le 
cardiographic monitoring by means of a Marq tte | 
puter-assisted system. The heart frequency limit o b 
during n St sequent testing and ; the 
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Before 
Training* 
HR (beats/min) 103.9 + 15.8 
xygen pulse (ml/beat) 14.6 + 3.4 
Ve (liters/min) 39.8 + 13.2 
a (ml/min) 1,642.1 + 513.3 
VO» (ml/kg/min) 18.1 £4.7 


1,259.3 + 470.7 


"Mean value + standard deviation. 
t. Significance of difference calculated by paired t test. 


requency limit, was calculated as follows: Working heart 
requency limit = 85/100 X symptom-limited heart rate. 
For at.least 2 hours before the determination of maximal 
xygen uptake for each patient’s working heart frequency 
imit, termed working maximal oxygen uptake, all patients 
voided meals and stimulants such as tea, coffee, cola bever- 
‘es, and cigarettes. In addition to their previous treadmill 
perience, patients were given a familiarization trial. Mea- 
urement of working maximal oxygen uptake was performed 
with a Morgan exercise test system using progressive work 
oads on a Quinton (model 18-60) clinical research treadmill. 
fter a 20-minute rest in the seated position, patients com- 
menced walking at a treadmill speed of 2.5 km/hour with a 
radient of 2°. The speed was increased by 0,5 km/hour every 
‘minutes in order to permit a gradual increase in heart rate, 
until the working heart frequency limit was reached. Analyses 
f oxygen and carbon dioxide levels were performed every 
minute during exercise with a Morgan m/262D oxygen ana- 
yzer and a Morgan (model 801) carbon dioxide analyzer, both 
f which had been calibrated before each test with tanked 
alibrated gas, Heart rate and electrocardiogram were moni- 
tored continuously on an oscilloscope using the bipolar chest 
lead CMs. In addition, a standard 12-lead electrocardiogram 


“OXYGEN PULSE (ml/beat) 
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BEFORE 


FIGURE 1. Oxygen pulse for work load which was initially the maximal 
_ for the working heart frequency limit, before and.after 4 months en-_ 
urance training. in7 A epi receiving. tong-term beta-adrenergic 


AFTER 











blockade after m | infarction. Plack circles, 131% | increase, 
<0. 05 versus before re airing. | 


Ettect of Training on n Performance at Work Load tor Which initial Test Was Terminated (Altitude 1, 400 Meters) 





<during the course of study No cor 
during training or testing. Coe 





After Percent 

Training* Difference pro 

90.6 + 14.5 — 12.8 <0.005 

16.5 + 3,5 +13.1 <0.05 

38.6 + 11.6 ~3 NS 
1,506.3 + 520.2 ~2.3 NS 

18.1 £4.5 0 NS 
1,244.3 + 480.9 ~41.2 NS 





HR = heart rate; VCO; = carbon dioxide output; Ve = minute ventilation; VO2 = oxygen uptake. 





was recorded together with the blood pressure on completion _ 
of each work load. Blood pressure was measured with the . 
auscultatory method and was therefore not used as.an:ex- | 
perimental variable because of possible inaccuracy of this _ 
technique during ambulation. The final work load for which | 
the heart frequency was equal to or below the working heart 
frequency limit was used for data collection. : 
Measurement of working maximal oxygen uptake was Te: 
peated using an identical protocol after 4 months of exercise 
training comprising 3 sessions per week each of 90 minutes’ 
duration. These supervised classes consisted of a 20-minute _ 
warm-up of muscular and flexibility exercises followed by an 
aerobic exercise such as walking, jogging, or cycling, and _ 
ending with a cool-down period. All patients were encouraged 
to train at an exercise intensity that would bring the heart t: 
as close as possible to the working heart frequency limit 
without exceeding it. Patients commenced witha “low-dose” - 
individualized exercise prescription that was gradually i in- 
creased as their cardiorespiratory and musculoskeletal sys- E 
tems adapted to the exercise. a 
Significances of differences were analyzed byn means of the 
paired ¢ test. a 




























Results 


Table I lists the mean values of paired comparisons 4 
of experimental variables for the work load which was 
initially the maximal work load for the patients’ wor 
heart frequency limit. The data demonstrate 
<0.005) reduction in heart rate after trai 
prescribed training had no effect on oxygen uptake ; a 
this level. However, relating oxygen uptake to heart rate 
oxygen pulse was increased by 13.1% (p <0.05) k 1). 

All patients attained a markedly increased : 
treadmill duration for their working hear Tre 
limit after training. Exercise conditionin 
significant increases in working maxim. 
(26%, p <0.01) (Fig. 2), oxygen pulse (2 
minute ventilation (32.2%, p <0. 01), 
output. (30.3%, p <0.025), and respira 
ratio. The heart rate used for data collecti 
tial test was 103.9 + 15.8 beats/min, as comp: 
103.6 + 15.5 beats/min in the second test (th 
heart frequency limit was 104 + 14.8 
means and standard deviations are foun 

The aforementioned results were 
major improvements in training time anc 
























AL Effect of Training on Maximal Performance for Working Heart Frequency Limit 


Before 
Training’ 


After. Percent 
Training* Difference 





14.6 + 3.4 
39.8 + 13.2 
1,642.1 + 513.3 
18.1 + 4.7 
1,259.3 + 470.7 
0.80 + 0.07 
17.7 £7.2 


i pulse (mi/beat) 


an value £ standard deviation. 
ignificance of difference calculated by paired t test. 


18,2 + 3.3 +24.1 
52.6 + 15.2 +32.2 


1,909.7 + 598.7 +23.8 


22.8. 5.3 +26 


1,641.0 + 517.8 +30.3 


0.86 + 0.03 ch +7.5 
26 +5.4 +46.9 


= = respiratory exchange ratio; WVO; max = working maximal oxygen uptake; other abbreviations as in Table |. 


Discussion 


opranolol, a nonselective beta-blocking agent, has 
en associated with reduced lactate and carbon dioxide 
uction during exercise in normal subjects as well 

| patients with coronary heart disease.*.” After the 

n of 40 mg of propranolol, patients with coro- 
art.disease in 1-study were unable to reach a 
iratory exchange ratio >0.85, the level of metabolic 
elieved necessary to create a peripheral 

g effect. Inhibition of glucose metabolism re- 

io beta-adrenergic blockade was a suggested 

sm for this decreased respiratory exchange 

our trial, all patients derived a significant 
effect despite an initial mean respiratory ex- 

ge ratio of 0.80 + 0.07 for their working heart fre- 

y limit. An explanation for this is provided in the 
ding by Twentyman et al of a propranolol-induced 
creased carbon dioxide output early in exercise, fol- 
by an increased output at a later stage involving 

rk load. They suggest that reduced muscle 

iẹ to decreased cardiac output together with 

ot effect of propranolol on the muscle 


oa nies 
AFTER 





Black pircles, 26% increase, Pa 


blood supply? results in increased anaerobic r meta bo. 
anda delayed rate of carbon dioxide removal fro 
exercising muscles, thereby lowering measured ca 
dioxide output during early exercise. Elevated 
metabolite concentrations override the effects of be 
adrenergic blockade on the muscle blood supply le 
in exercise, causing an increased. blood flow facilitat 
carbon dioxide removal. Under these conditions 
respiratory exchange ratio is obviously a poor indica 
of the muscular metabolic activity at a given ti 
agreement with this explanation, after 4 months 
training our patients were able to achieve an increa: 
exercise duration and maximal treadmill speed for th 
working heart frequency limit, thereby reaching a 
elevated respiratory exchange ratio of 0.86 + 0.03 
<0.05). Similar increases in the physical. work 
pacity in patients with coronary heart disease a 
training during long-term therapy with beta-adrene 
blockade were noted by Obma* and Pratt® and 
co-workers. Malmborg’s® finding of no such improve 
exercise ability is most likely the result of an inadequa 
training stimulus. 

The reasoning behind a heart rate exercise prescr 
tion is that myocardial work reflects oxygen c 
tion, which in turn is proportional to the heart r 
is true under most circumstances of everyday 
major exceptions being isometric and arm wi 
tients participating in the cardiac rehabilita 
gram at our center are advised never to exc 
working heart frequency limit, whether it be in tra 
or any of a multitude of life-style activities. The 
vidual’s working maximal oxygen uptake reflects 
her maximal “safe” permissible energy expendi 
thus limiting the variety of recreational as wel 
cupational pursuits. An increased working ax 
oxygen uptake widens this choice and thus improves 
quality of life, the major goal of cardiac rehabil 
in our opinion. If a heart rate prescription is em: 
it becomes unnecessary to determine oxygen upte 
using maximal testing. Respiratory data collected a 
level of maximal exercise have to be interprete 
caution in patients with coronary heart disease bec 
this maximal oxygen uptake is symptom-limited a 
therefore does not have the same physiolc 
as a true maximal oxygen uptake measur 
person. n addition, w wW 














































isa submaximal mieasurement and can therefore be used 
to assess aerobic performance ona regular basis witha 
high level of safety in patients with coronary heart 
isease. With this technique we demonstrated a 12.8% 
(p <0.005) decrease in heart rate after training, for what 
was initially the maximal work load for the working 
eart frequency limit. This slowing of the heart rate was 
accompanied by a 13.1% (p <0.05) increase in oxygen 
. The heart rate response to submaximal exercise 
y be lower after exercise training due either to an 
roved external mechanical work efficiency,’ (in 
hich case the oxygen consumption-heart rate relation 
at is, oxygen pulse] remains unchanged), or to an 
enhanced capacity for oxygen transport and utilization 
esulting in an increased oxygen pulse). Oxygen pulse 
representative of the volume of oxygen consumed by 
e tissues with each heart beat, and can be shown, with 
se of the Fick principle, to equal stroke volume times 
arteriovenous oxygen difference. Increases in both 
ariables account for the increased oxygen pulse during 
submaximal exercise in normal persons with physical 
aining,!! whereas an increased arteriovenous oxygen 
fference is believed to be the major factor in patients 
with coronary heart disease.!* Beta-adrenergic blockade 
self results in an increased arteriovenous oxygen dif- 
ference,!® but although its mechanism of action is to 
duce venous oxygen content by i increasing peripheral 
gen extraction, exercise training in addition to this 
ffect causes an increased arterial oxygen content,!2 and 
ay thereby further widen an already increased arte- 
riovenous oxygen difference in patients with coronary 
heart disease receiving long-term beta-adrenergic 
lockade. Although arteriovenous oxygen difference was 
yt directly measured in our study, the increased oxygen 
lse during submaximal exercise most likely reflects 
exercise conditioning induced increase in arterio- 
enous oxygen difference, despite the presence of 
ong-term beta-adrenergic blockade. Whatever the 
mechanism, this increased oxygen pulse provides un- 
uivocal evidence of a significant physiologic training 
ffect in patients with coronary heart disease receiving 
long-term beta-blocking agents while participating in 
ardiac rehabilitation exercise program. 

After 4 months of endurance conditioning patients 
ur study increased their working maximal oxygen 
iptake by 26%, providing further evidence that a car- 
ac rehabilitation exercise program is not contraindi- 
ted by the use of beta-blocking drugs. This improve- 
it. in working maximal oxygen uptake is in fact 
ilar to the increases “maximal oxygen uptake” noted 




















in previous studies of coronary y patients not receiving 
beta-blockade.12,14 

Exercise conditioning-related improvements inre- 
distribution of peripheral blood flow, oxygen transport- 
capacity, and skeletal muscle oxygen extraction and | 
utilization, are the likely mechanisms of this increased 
aerobic capacity. 

Implications: This study has documented an un- 
equivocal physiologic adaptation to endurance training 
in 7 patients receiving long-term beta-adrenergic © 
blocking agents after myocardial infarction. The small 
patient sample used together with the lack of a control - 
group do not detract from our findings which suggest 
that appropriately selected patients with coronary heart — 
disease may derive the full benefits from a suitable _ 
cardiac rehabilitation exercise program in the presence 
of long-term beta-blockade. Whether it may in fact be — 
preferable for such patients to receive beta- adrenergic i 
blockade has still to be demonstrated. 
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_ Valvular Replacement: Which Valve to Choose iis... orrei 
Endocarditis: Management and. Prophylaxis... sesi narar ee 
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“Nuclear Cardiology: Position Tomography and Ventricular Function setae ad E EA S A Lh ne A eatin, oe ie S 


Sino-atrial and AV. Block. -o.Cu uranio onenera drena 
The Surgery of Arrhythmias... onses naracar eee Paaa 
When to Operate Mildly Symptomatic Valvular Patients E a a a 


Nuclear Magnetic Resonance for Cardiac Studies 
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Oo The. course will include practical demonstration of routine and research techniques developed or in use at 


smith Hospital for cardiovascular investigations. 


Course. organisers: PROFESSOR A. MASERI, PROFESSOR J. F. GOODWIN 
' ‘Further detalls: School: Office, Royal Postgraduate Medical School, Hammersmith Hospital, Ou Cane Road, London wie OH 


Tel: 01-743 2030 ext 351 
: Fees: Before 81 March.1983:. 


After: 3 March 1983; 


-120 ($200) for home and EEC students BG 
“240. (8400) for overseas students ; 





THE BORDERS IN THE SELECTED CARDIAC CYCLE ARE NOW BEING 
AUTOMATICALLY DEFINED AND TRACED. PLEASE WAIT. 


ALL BORDERS ARE NOW DEFINED. CONTINUE BY PRESSING ENTER. 


--PLEASE SELECT-- 
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CINE AXIS COMPARE EARLIEST REVIEW STORE 

REVIEW ROTATION SECOND MOTION GRAPHICS FOR 
CYCLE ANALYSIS PAGES SUMMARY 
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Finally. 
A computer fast enough to make dynamic 
cardiac quantitation a practical reality. 




















The Franklin 
Quantic 1200. 


Now for the first time, Franklin makes it possible to digi- 
tize complete cardiac cycles in real time and quantitate 
the massive amounts of information captured by video 
echocardiographic studies. 

In fact, the Quantic 1200 uses all the significant infor- 
mation on every frame of a cycle to guide and correct 
the information on every other frame of the same cycle. 

This allows the computer to: 


a Automatically recognize and track the borders of the 
endocardium. (The operator has the flexibility to 
interrupt the process, draw new borders, and edit 
at any time.) 

= Perform comparative analyses of normal and abnor- 

mal beats using segmental wall motion displays. 

And provide repeatable calculations on perimeters, 

areas, volumes, and ejection fractions. 

All within a few short minutes. 

So, now you can make decisions based on more 

complete and more precise information about the 

region, extent, magnitude, and timing of heart abnor- 
malities from non-invasive images. 

Furthermore, because the entire process is repeat- 
able, relatively inexpensive, and non-invasive, the 

Franklin Quantic 1200 provides you with the first practical 

way to monitor and evaluate heart performance before 

and after therapy. 





FRANKLIN 


We make it possible. 


The Franklin Quantic 1200. 


It can give you more useful information, faster. 


It is, in fact, the first computer fast enough and 
powerful enough to capture and digitize the massive 
amounts of data present in real time ultrasound video 
signals. 

In addition, the Quantic 1200 is the only echo- 
cardiographic computer on the market with 
enough power to apply the extraordinarily complex 
algorithms researchers are currently developing for 
future clinical use. These include automatic edge 
detection, tissue characterization, image processing, 
frame-to-frame averaging, motion detection, and 
noise reduction. 

Yet, for alll its sophistication, the Quantic 1200 
is even simpler to operate than many home/office 
minicomputers. 

Compare these features with any other system at 
any price: 


SOFTWARE 

Operator-friendly, screen-prompted software 
programs provide faster access to information and 
greater flexibility than any other system currently 
available. 

Furthermore, because all programs are designed 
for maximum simplicity and ease of operation, no prior 
knowledge of computers is necessary for full clinical 
use of the Quantic 1200. 


CLINICAL PROGRAMS 

Five of the most widely accepted algorithms used 
to calculate 2D echocardiographic measurements of 
areas, volumes, ejection fractions, and other essential 
derived physiological data. 

A full complement of M-mode programs for cal- 
culations from both video and hard Copy. 

Automatic Border Recognition Algorithm devel- 
oped for Franklin under exclusive license by one of the 
nation’s leading university research centers. (Clinical 
human validation studies ongoing.) 

Full cycle analysis programs including three 
segmental wall motion algorithms and one area/ 
perimeter change analysis algorithm. 


REAL TIME FRAME GRABBER 
Capable of capturing and digitizing complete 
cardiac cycles in real time. 


Bruce Franklin, Inc. 
10715 8th Ave, N.E. 
Seattle, WA 98125 


O Please send me more information about the 
Franklin Quantic 1200. 
Old also like a demonstration. 


Name 
Title 
Hospital/Clinic 
Address 
City. State. ZIP 
Phone ( ) 




















DIGITAL STORAGE 
Hard disk for efficient storage and retrieval of 1200 
discreet frames of video information. 


COMPUTER 
Special purpose, 16 bit computer. 
Half-million byte RAM memory (expandable). 
High speed, high resolution graphics system. 


TWO MONITORS 

Two high resolution, 9-inch screens; one for 
prompting, one for imaging. 
KEYBOARD 

Typewriter quality full alphanumeric keyboard for 
convenient labeling and data entry. 
JOY STICK 

Precision, strain gauge joy stick, custom-designed 
by Franklin for the specific task of tracing borders of 
the endocardium. 


DIGITIZING PAD 
High resolution, convenient digitizing pad and pen. 


PRINTER 
High resolution, dot matrix graphics printer. 


PRINT SPOOLER 

Stores and prints up to eight pages of summary. 
Operator never waits to perform other computer 
functions. 


OTHER FEATURES 
= Fully programmable with optional floppy disk drive 
and software. 


= Modular software upgrades on floppy disks will be 
available. 


u Off-line video and hard copy capability 

a On-line real time capability. 

= Video archiving. 

= Compatible with all video ultrasound systems. 


= Portable and compact. ° 


a Rugged, reliable, solid state components. . 


If youd like to know more about what the Franklin 
Quantic 1200 can do for you, send us the coupon at 
the left. Or call us in Seattle at (206) 367-2920, 


FRANKLIN 


We make it possible. 
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“ARRHYTHMIAS AND CONDUCTION DISTURBANCES. 











Disopyramide: Evaluation of Electrophysiologic Effects and 
clinical Efficacy in Patients With Sustained : 
T ricular Tachycardia or Ventricular Fibrillation 


BRUCE B B. LERMAN, MD, HARVEY L. WAXMAN, MD, ALFRED E. BUXTON, MD, and 
ARK E. JOSEPHSON, MD 






f acy of disopyramide in the management of 70 ms to 347 + 64 ms (p <0,001). Ventricular r 
ined ventricular tachycardia (VT) or ventricular fractory periods, QRS, and QTc durations sig 
1 (VF) was evaluated in 50 patients by cantly increased after disopyramide adminis 
ied ventricular stimulation: 38 patients had tion. 
ry artery disease (16 with left ventricular Of the 17 patients in whom tachyarrhythmia 
1), 8 had other cardiac diseases, and 4 had were noninducible on disopyramide, 11 were di: 
ent heart disease. Disopyramide was ad- charged on disopyramide and followed up for 19 - 
ally for 72 hours (dosage 400 to 1,600 9 months; 9 of them remained free of VT. Hea 
esulting in a plasma level of 3.6 + 1.2 failure developed in 2 of these patients. One oth 
mean + standard deviation [SD]). Disopy- patient in whom disopyramide was ineffective ha 
prevented induction of sustained ventricular irreversible heart failure and died. 5 
hmias in 17 patients (34% ) and failed it is concluded that disopyramide (1) preven 
ent induction in 33 patients (66 % ). Plasma induction of ventricular tachyarrhythmias i inone t 
were not significantly different regardless of of patients studied and remains clinically effec 
onse to eens The VT cycle length in in approximately 80%, (2) is more frequently 
ients fective in rapid tachycardias, (3) prolongs t 
cycle length when ineffective, and (4) may pre 
marked hemodynamic embarrassment in patien 
with significant toft ventricular dysfunction. l 



































































hate is a type I antiarrhythmic utility in a large group of patients with sustained ve 
se in the United States for treat- tricular tachycardia or ventricular fibrillation (VF 
Prahan in in 1978. TA Programmed ventricular stimulation is both sens 
v and specific for the detection of clinical VT+- Response 
to conventional antiarrhythmic drugs during pr 
grammed ventricular stimulation has been shown 
predict clinical response.2~4 This report. relates 
immediate and long-term experience with disopyran 
evaluated by programmed ventricular stimulatio 
patients with sustained VT, VF, or both. 


































cory HL07346, by Research Service Award HLO7201, by Methods Ae Ras 
ch Career Development Award HL00361, and by Grant HL24278 Patients: Disopyramide was administered and electro- 
National Heart, Lung, and Blood Institute, National Institutes physiologic studies were performed i in 50 patients with sus- 


Bethesda, Maryland; and by grants from thé American Heart y hythmias between Januar 1977 a 
utheastern Pennsylvania Chapter, Philadelphia, Penn- tained ventricular arrhythmii. DN y 


January 1982. There were 41 men and 9 women. Theiraverag 
onp : aa e G Head ig age was 54 years with a range of 28 to 73. Thirty-eight patien 
Mark E. Josephson, MD, Box 683, 656 Ravdin had coronary artery disease, including 29 with a history of 
versity of Popriayivania, 3400 Spruce Street, myocardial infarction, 16:0f whom hada left ventricular a 
eurysm. Other banding diseases included cardiomyopathy in 















2, nonobstructive devintietsid septal hypertrophy i in 1, mitral 


alve prolapse i in 3, status postaortic valve replacement for 
rtic stenosis in 1, and status postrepair of tetralogy of Fallot 
«Four patients had no clinical evidence of organic heart 
sease and had normal results on echocardiographic, radio- 
uclide, or coronary arteriographic studies. 
orty-four patients were studied for evaluation of sustained 
T and 6 for cardiac arrest whose first documented arrhyth- 
ia was VF. The number of clinical episodes of VT or VF 
fore study ranged from 1 to >100. One to 5 (2.2 + 1) con- 
ntional antiarrhythmic drugs had been tried empirically 
fore electrophysiologic evaluation. No patient had an acute 
ocardial infarction within 4 weeks of study. 
Electrophysiologic study: All studies were performed with 
the patient in the nonsedated, postabsorptive state after in- 
formed consent had been obtained. During the initial study, 
antiarrhythmic drugs were discontinued for at least 5 
if-lives before evaluation. Usually, 3 quadripolar and 1 
ipolar catheter were inserted either percutaneously or by 
way ‘of cutdown and advanced under fluoroscopic guidance 
to the high right atrium, coronary sinus, right ventricular 
jpex-outflow tract, and atrioventricular junction for recording 
the His bundle. The distal pair of quadripolar electrodes 
e used for stimulation and the proximal pair for recording 
e local atrial or ventricular electrogram. Intracardiac re- 
cordings were filtered at 30 to 500 Hz and simultaneously 
displayed with 3 electrocardiographic leads on a multichannel 
oscilloscope (Electronics for Medicine VR-16, White Plains, 
New York). The data were stored on magnetic tape (Honey- 
ll model 5600) and later retrieved on photographie paper 
speeds of 100 to 200 mm/s for illustrative purposes. Real- 
time recordings were made with an ink jet recorder (Siemens 
Elema Mingograph). Programmed ventricular stimulation was 
ormed with a specially designed programmable stimulator 
isolated constant current source (Bloom Associates Ltd, 
arberth, Pennsylvania). Stimuli were delivered as rectan- 
gular pulses, 1 ms in duration at twice diastolic threshold. 
The stimulation protocol consisted of single, double, and, 
most cases, triple premature ventricular stimuli introduced 
during sinus rhythm at ventricular paced cycle lengths of 600 
d 400 ms, and rapid ventricular pacing (25 seconds at cycle 
ths of 350 to 250 ms) as previously described.1-4 Stimu- 
tion was performed initially at the right ventricular apex and 
the tachycardia was not induced, stimulation at the right 
mtricular outflow tract was employed. Left ventricular 








IGURE 1. Mode of induction during the control study and after diso- 


pyramide administration. No difference in the induction mode as a result 
f disopyramide is demonstrated. VPD = venirii proriture dapor; 


larization; VPACE = ventricular pacing. 





to 220 ms, 280, to 280 ms, and 240 to ao ms befi 
i pyramide, Joe i 









i stimulation wasnot jëquğedi in vany „patienti in this stud. After ; 


the induction of VT, programmed ventricular stimulation or _ 
rapid ventricular pacing was used for termination. If VT 
tachycardia degenerated into VF either spontaneously oras 
a result of pacing or ensuing loss of consciousness, direct- 
current cardioversion was employed. i 
After control study demonstrating reproducible initiation 
of ventricular tachyarrhythmia, disopyramide was adminis- 
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P<0.001 


1004 CONTROL  DISOPYRAMIDE 


FIGURE 2. Effect of disopyramide on ventricular tachycardia (VT) cycle 
length. The mean VT cycle increased from 281 ms to. 347 ms. (Note: _ 
3 patients had identical control and postdisopyramide. VT cycle 
lengths---320 ms and 350 ms, respectively—while 2 patients had _ 
similar control cycle lengths of 340 ms and postdisopyramide values 
of 420 mis.) oe 
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P<0.001 
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period (VERP). The mean ventricular effective refract 
creased from. 240 to 264 ms. (Note: 4 patients had identi 


270 ms. Three other pairs of palana also had 





ed orally atan initial diss of 100 to 5 200 mg every 6 hours 
- for 72 hours. Programmed stimulation was then repeated at 
_ twice diastolic threshold using a quadripolar catheter placed 
F in the ight ventricular apex-right ventricular outflow tract. 
initial dose of disopyramide failed to prevent tachy- 
‘dia induction, the dose of disopyramide was increased and 
he patient restudied after a new steady state level was 
chieved. No patient received any other antiarrhythmic agent 
_ during this period, with the exception of digoxin or propran- 
lol for treatment of angina pectoris. The highest dose of di- 
amide tested was 400 mg every 6 hours. Plasma levels 
pyramide were obtained immediately after the pro- 
ed ventricular stimulation protocol or shortly after the 
iation of VT or VF. 
In addition to mode of induction and cycle length of induced 
ichycardia, the effects of disopyramide on the ventricular 
ctive refractory period, QRS duration, and QTc interval 
azett’s formula) were determined (the latter 2 were mea- 
ured from the surface electrocardiogram). 
statistical methods: Statistical analysis was performed 
ng the paired and unpaired t test. Data are expressed as 
ae + standard deviation. 
efinitions: (1) Sustained ventricular tachycardia: 
cular tachycardia that lasted at least 30 seconds either 
ally or during induction with programmed ventricular 
mulation, or required termination by programmed ven- 
‘ular stimulation or cardioversion sooner because of he- 
amic deterioration. (2) Effective response (disopy- 
ide): Prevention of sustained VT induced by programmed 
ent ular stimulation. (3) Clinical effectiveness: Absence 
; al or monitored sustained VT or VF during the fol- 















































Results 


Induction: VT was induced in all 50 patients during 
he control study. In most patients tachyarrhythmias 
duced with either double (26) or triple premature 
; Sixteen patients required direct-current 
n to terminate the arrhythmia, while pro- 
ntricular stimulation was successful in the 
pyramide prevented induction of sus- 
f 50 patients (34%). Eleven of these 17 
sustained VT (>6 complexes) induced, 
lasted more than 8 seconds. Six patients 
lexes induced. Three patients in whom the 
f disopyramide failed to prevent induction 





P<O: 002 
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isopyramide on the ORS interval: The mean ORS - 
oy 111 ms. (Note: 3 pairs of patients had identical 
f ide QRS intervals—105 to 110'ms, 95 to 110 
























of sustained tachycardia haa an effective respon 
a higher dose. Disopyramide did not significant 
the mode of induction in those patients in whom it wai 
ineffective (Fig. 1). 

Cycle length: The cycle length of induced VT i 
265 +70 ms. Disopyramide significantly increased th 
cycle length of VT in those patients in whom it was 
effective, from 281 + 70 ms to 347 + 64 ms (p <0. 
In 3 patients, however, it decreased the VT cycle | 
by 20 to 30 ms (Fig. 2). The shorter the VT cycle len; 
during the control study, the more frequently di 
ramide prevented induction of VT: 225 + 51 ms v. 
281 + 70,p =:0.005.. 

Refractory periods: Disopyramide incrdased 
right ventricular effective refractory period from 24 
+ 23 ms to 264 + 27 ms, p <0.001 (Fig. 3); however, i 
4 patients a decrease was noted. There was no differenc 
in the ventricular effective refractory period betw: 
those who were inducible with disopyramide and tho 
who were not: 266 + 33 ms versus 263 + 23 ms 
>0.10. 

QRS width: The QRS interval after disopyrami 
increased from 104 + 22 ms to 111 + 22 ms, p <0.00 
(Fig. 4). There was no statistical difference in QRS 
ration between inducible and noninducible patients; 
+7 ms versus 106 + 6 ms, p >0.10. 

QTc interval: The QTc increased from 422 + 48 m 
to 461 + 60 ms (p <0.001) after disopyramide. T 
was no difference between patients with inducible : 
noninducible tachycardias: 480 + 60 ms versus 450 
60 ms, p = 0:11 (Fig. 5). 

Plasma levels: Disopyramide plasma levels 
measured in 25 patients during programmed ventri 
stimulation. The mean level was 3.6.4 1.2 ug/ml. l 
was no significant difference between those in v 
disopyramide prevented induction of ventri 
tachyarrhythmias (10 patients) and in those 15 patie 
in whom it did not (3.7 + 1.4 ug/ml versus 3. 5 + 
ug/ml, p >0.10). 





N=18 
54 
a] 
So, 
P<0.001 
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FIGURE 5, Effectof disopyramide on the QTc interval. The mean’ aT 
interval increased from 422 ms during the control at study to 460 mse 
di lisopyramide administration. - eR 














disopyramide administration developed in 10 of 50 
0%) patients. One patient with angiographic evidence 
left ventricular aneurysm was studied while taking 
disopyramide at a dosage of 200 mg every 6 hours, which 
vas well-tolerated. VT was induced during programmed 
ventricular stimulation and the oral dose was increased 
) 300 mg every 6 hours. After the third dose, irrevers- 
ble heart failure and electromechanical dissociation 
sloped in the patient. There were 4 instances of dry 
uth, 3 of urinary hesitancy, and 2 of blurred vision 
thin 48 hours of receiving the drug. These symptoms 
decreased with a lower dose. In each case, the patient 
as discharged with this lower dose as long as an ef- 
tive response to the drug at this dose was demon- 
ated during programmed ventricular stimulation. 
Long-term follow-up (Table I): Eleven of 17 pa- 
nts in whom disopyramide prevented induction of VT 
re discharged with the drug as their only antiar- 
ythmic agent. The remaining 6 patients were treated 
th other agents alone or in combination with diso- 
ramide because (1) adverse effects required reducing 
dosage below that shown effective, or (2) similar 
icacy was demonstrated with another drug with less 
yocardial depressant effects than disopyramide. 
Amiodarone was added to disopyramide in 1 patient 
vase 17) because rapid nonsustained polymorphic VT 
<8 seconds) was induced while the patient was re- 
seiving disopyramide alone. This was considered an 
insatisfactory response. The follow-up period for the 
| patients has been 19 + 9 months. The maintenance 
se of disopyramide ranged from 0.6 to 1.2 g/day (0.81 


Arrhythmias: Nine of 11 patients remain free of VT. 
recurred in 2 patients. One patient (Case 9) had a 
ecurrence of VT 6 weeks after starting disopyramide. 
Endocardial mapping, ventricular aneurysmectomy, 
d: endocardial resection were subsequently per- 
med. The other patient (Case 10) had VT 25 months 
after initiation of therapy (3 and 8 ventricular com- 
lexes were respectively induced in each patient during 
heir initial disopyramide study). Another patient (Case 
) had an episode of VT complicated by a fatal anterior 
all myocardial infarction 6 months after starting di- 
opyramide. He was free of VT during the period pre- 
eding infarction. 
Four patients were treated with disopyramide in 
mbination with other antiarrhythmic agents. In Pa- 
nt 12, VT was noninducible with disopyramide or 
the combination of quinidine and propranolol. 
er, the development of blurred vision, urinary 
ancy, and diarrhea necessitated decreasing the 
tive dose of disopyramide and quinidine. VT was 
duced when a lower dose of both drugs in combi- 
ion was tested. Patient 12 has remained arrhyth- 
free for 30 months with a regimen of disopyramide, 
idine, and propranolol. Another patient (Case 17) 
‘discharged receiving the combination of disopy- 
mide and amiodarone which prevented induction of 
tained VT. The patient has been arrhythmia-free for 





months. In another patient, disopyramide alone =- 
wed the VT cycle length from 260 to 290 ms. Mexi- 
etine, separately, increased the cyt lengt! ito 315 ms 





dverse reactions: Adverse effects associated with 


- significant amo 





dnd the combine ton of both ara at t their original 
doses resulted in induction of 16 seconds of VT with a 
cycle length of 420 ms. This patient has not had an ep- < 
isode of VT during the 14-month follow-up period. The 
final patient had VT with a cycle length of 200 ms in- 
duced while taking disopyramide. Aprindine (not tested 
independently) in combination with disopyramide re- 
sulted in inducible VT at a cycle length of 440 ms. He — 
was discharged receiving both drugs and died 1 mont! z 
later of recurrent VT. Be 
Adverse effects: Two patients died of intractable SS 
congestive heart failure at 13 and 25 months after di- . 
sopyramide administration (Cases 1 and 10, Table I). 
Both had ejection fractions <40% and previous histories _ 
of congestive heart failure. The discharge maintenance — 
doses were 200 and 300 mg, respectively, on a Ghour. k 
regimen. a 
Minor adverse effects including dry mouth, bliirred 1 
vision, or urinary hesitancy have either been tolerated E 
or improved with time. i 












Discussion 


Electrophysiologic effects of disopyramide are siniilir A 
to those of procainamide and quinidine. In man, it 
lengthens the atrial effective refractory period, de 
creases the effective refractory period of the atrioven- 
tricular node, and increases the relative refractory pe- 
riod of the His-Purkinje system.’ In isolated canine 
Purkinje fibers, disopyramide diminishes Vaso mem- 
brane responsiveness, spontaneous phase 4: depolar- z 
ization, and maximal diastolic potential; it increases 
action potential duration.® oe 

Response to programmed ventricular stimula - 
tion: Disopyramide prevented induction of VT in 
third of patients studied. Programmed stimulation i 
predicted long-term success in over 80% of patients 
discharged taking the drug. This is similar to the posi- ua 
tive predictive value of programmed stimulation using 
other type I agents.?-4 ae 

Our data are consistent with findings from previou: 
studies that examined the electrophysiologic e 
of disopyramide in a similar patient populati 
30 to 50% success rate has been reported using 
from 600 to 1,400 mg/day. These studies, however, H 
been limited by both the number of patients eva | 
and the incomplete follow-up data provided, __ 

The effect of disopyramide on the Ane 






































not distinguish between effective or i 
sponders. Interestingly, the faster the VT 
in the control study, the more likely an e 
sponse was achieved. This observation ha 
by other investigators evaluating mexileti: 
Effect of disopyramide on VT cycle leng 
sopyramide significantly increased the cycle ength o 
the tachycardia. This has important clinic: 
tions. It suggests that even though the d 
prevent reinduction of VT, it may resul 
namically stable, and, Merefore, be 
tachycardias- ; 
Electrocardiographic 
lengthened the 
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elated torsade de pointes, VT, and VF have been de- 
scribed in association with prolonged QRS and QT in- 
tervals or QT intervals alone.!4-11 Disopyramide levels 
were markedly elevated in the 2 cases in which they were 
reported, 7.2 ug/ml (dose 100 mg orally every 6 hours) 
and 7.5 ug/ml (dose 600 mg orally every 6 hours). Con- 
restive heart failure and renal or hepatic insufficiency 
y predispose the patient to elevated plasma levels. 
hile a statistically significant increase in QRS du- 
ation was also observed, no significant degree of heart 
ck was noted. A recent study using intravenous di- 
opyramide in patients with bundle branch block 
monstrated that although mean infranodal conduc- 
ion time increased 18%, from 67 + 35 ms to 79 + 41 ms 
(p <0.001), no spontaneous second- or third- degree 
trioventricular block occurred. Mean peak serum levels 
ere 5.1 + 2.2 ug/ml.18 

Adverse effects: Anticholinergic symptoms are the 
10st common adverse effects associated with disopy- 
amide administration. In our study, urinary hesitancy, 
ry mouth, and blurred vision usually occurred within 
8 hours of receiving the drug; however, these symptoms 
ere usually mild and resolved with time or with a re- 
duction in dose. In no case was discontinuation of the 
drug necessary. Other associated symptoms such as 
nausea, vomiting, and headache were not present in our 


“A major concern with disopyramide is its effect on left 
ventricular function. Cathcart-Rake et al!9 recently 
reported that although doses of 800 mg/day of disopy- 
ramide caused a slight decrease in left ventricular 
jection fraction as evaluated by M-mode echocardi- 
ography in normal volunteers, this did not result in 
evelopment of clinically significant symptoms. How- 
er, a preliminary report by Desai et al? demonstrated 
electromechanical dissociation with disopyramide in 6 
ients with congestive heart failure and renal insuf- 
ciency. Plasma levels, when available, were elevated. 
All patients had significant lengthening of the QTc in- 
terval at least 24 hours before death. Postmortem ex- 
amination eliminated other potential causes for elec- 
mechanical dissociation. We saw 1 death due to 
ectromechanical dissociation. Two patients receiving 
ng-term disopyramide had worsening of congestive 
eart failure. Podrid et al?! reported that in patients 

ith a history of congestive heart failure, disopyramide 
may precipitate recurrence of failure in 50% while res- 
olution usually occurs with discontinuation of the drug. 
lost instances of failure occurred within 3 weeks of 
tiating treatment. There was no significant difference 








with torsade. de pointes was observed. Disopyramide- 


































in either ‘dose ¢ or plasma jevels | in patients with: and 2 
without congestive heart failure in their series. 
Conclusions: Disopyramide prevented induction of . 
sustained VT in one third of patients studied and re- 
mained effective therapy in 80% of patients treated 
chronically. Though minor adverse effects developed 
in 20% of patients receiving disopyramide, the major. 
factor limiting its use was myocardial depression. This- 
occurred only in those patients with preexisting ven- 
tricular dysfunction. i 
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Effects of Oral Digoxin o on Ventricular Ectopy and 
Its Relation to Left Ventricular Function 


LAN H. GRADMAN, MD, MOIRA CUNNINGHAM, BS, PA, MARY A. HARBISON, BS, 
| VEY J: BERGER, MD, and BARRY L. ZARET, MD 


i The ventricular antiarrhythmic properties of oral 
in were examined in 13 patients with chronic 
icular ectopy using serial 24-hour electrocar- 
‘aphic monitoring. Mean premature ventricular 

omplex frequency (per 1,000 normal beats) de- 

ased from 56 + 47 during the placebo period to 
- 27 (p = not significant [NS|) and 25 + 17 (p 
5) during daily administration of digoxin, 0.25 
0.375 mg. Digoxin had no significant effect on 
ualitative occurrence of complex ventricular 
‘hythmia patterns (multiformity, bigeminy, cou- 
ts, ventricular tachycardia). Radionuclide left 
ricular (LV) ejection fraction was measured 
the placebo period. Seven patients had nor- 


digitalis glycosides exert a variety of direct and 
ffects on myocardial cells! and are widely 
heir inotropic and atrial antiarrhythmic 

se agents have not, however, been gen- 

ie treatment of ventricular arrhythmias 

toxic doses, are often implicated in their 

977, Lown et alë reported that intra- 
tration of the- digitalis-like agent 
inthidin was effective in suppressing 
topy in approximately one half of patients 
monitoring period of several hours. That 
mulated considerable interest in the ven- 
arrhythmic properties of cardiac glyco- 


study was undertaken to determine the 
in—the most commonly used oral digi- 
on—on the occurrence of ventricular 
erm ambulatory electrocardiographic 
used to provide a statistically adequate 

ythmia frequencies, in view of recent 

ting the wide spontaneous variation 
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mal ( ejection fraction >50% ) and 6 abnormal gi 

LV performance. In the normal group, the me 
premature ventricular complex frequency decrea 
from 69 + 58 to 20 + 18 (p <0.05) and the me. 
couplet frequency decreased from 0.59 + 0. 85 
0.07 + 0.06 (p <0.04) during the placebo and 0.37 
mg digoxin dosing periods, respectively. In contr 
no significant changes in either variable occ 
after digoxin in subjects with depressed LV function 
This study indicates that oral digoxin is mode: 
effective in suppressing premature ventri 
complexes, and that its effects are greatest in 
tients with normal overall LV performance. 


which may occur in the frequency of premature 
tricular complexes.&” In addition, global left ventric 
(LV) function was assessed with radionuclide ¢ 
cardiography and nelathe to antiarrhythmic drag 
sponse, 


Methods 


Patient population: Seventeen ambulatory patpat 
men participated in the study. Subjects were selected on 
basis of a random 24-hour ambulatory electrocardiogra 
recording demonstrating a mean premature. vent: 
complex frequency 210/1,000 normal beats. Patients in w 
a history of life-threatening arrhythmia precluded tempo) 
discontinuation of antiarrhythmic drug therapy or in who 
ventricular tachycardia was noted on random Holter m 
toring were excluded. Also excluded were patients wi 
serum creatinine level 21.5 mg/100 ml. In4 subjects, the m 
premature ventricular complex frequency decreased 
taneously during the placebo period (see section on Prot 
to values <2/1,000 normal beats. These patients were 
cluded in final data analysis. 

Thirteen patients aged 45 to 66 years (mean 57) com 
the protocol and are the subject of data analysis. Six 
definite coronary artery disease, documented by prior 
cardial infarction or coronary arteriography; 1 additi 
patient with a classic anginal syndrome was presumed 
coronary disease. The remaining 7 patients had systemic 
pertension; 1 of these also had aortic valvular stenosis. ' 
patients had a history of congestive heart failure; neith 
in clinical heart failure at the time of study. Five patie) 
symptoms potentially referable to arrhythmias; 1 had p 
tations and cueinens, | 2 palpitations alone, a and 2 di Zi 
alone: oe ees es ; 

















rotocol: A single-blind placebo-controlled study design 
was utilized. At the initial study visit, antiarrhythmic medi- 
cations were withdrawn and subjects began receiving a placebo 
blet (identical in appearance to Lanoxin®, 0.25 mg) once 
daily. At the end of a 1-week dosing period, a 24-hour am- 
bulatory electrocardiogram was recorded. In addition, resting 
eft ventricular ejection fraction (LVEF) was determined using 
first-pass quantitative radionuclide ‘angiocardiography. 
Subjects were then given oral digoxin (Lanoxin), 0.25 mg daily 
a 1-week period, at the end of which ambulatory moni- 
ng was repeated. If no signs or symptoms of digitalis in- 
xication were noted, the digoxin dose was increased to 0.375 
daily and a final 24-hour electrocardiogram recorded at 
end of a 1-week dosing period. (One patient in whom sinus 
adycardia developed during the 0.25 mg dosing period did 
t receive the higher dose.) Pill counts were used to verify 
mpliance, 
_ Arrhythmia detection and quantification: Ambulatory 
ectrocardiograms were recorded on 2-channel Avionics 
Model 425 Electrocorders using a bipolar V; and VR lead 
ystem. Electrocardiographic recordings were analyzed using 
he YALECG research minicomputer system.8 Currently 
configured on a Data General Eclipse $/130 processor, the 
YALECG algorithm is based on a width-sensitive peak de- 
tector for location of QRS complexes and a dual width corre- 
ation matching algorithm for waveform comparison. The 
stem is operator-interactive and a series of on-line validity 
ecks is used to ensure optimal program function. 
The accuracy of this system in detecting premature ven- 
cular complexes has been validated previously.® In a study 
f 20 1-hour electrocardiographic recording segments, system 
output was compared with a beat-by-beat hand count of the 
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diogram. These recording segments, which we 
different from those used during algorithm development, 
contained 100,771 normal beats and 9,070 premature ven- y 
tricular complexes. The true-positive rate for detection of 
premature ventricular complexes (sensitivity) was found to _ 
be 99.2%, the true-negative rate (specificity) 99.9%, and the | 
false-positive rate 0.20%. 
Mean heart rate and the total frequency of premature 
ventricular complexes (expressed per 1,000 normal beats) wer 
determined for each electrocardiogram. The occurrence of 
consecutive premature ventricular depolarizations was de 
fined as a couplet, and couplet frequencies (per 1,000 normal 
beats) were also determined. The time of occurrence and QRS. 
morphologic sequence of complex arrhythmic events—cou 
plets, bigeminy, and ventricular tachycardia (defined as z3 
consecutive premature ventricular complexes occurring ata. 
rate of 2100/min)——were recorded in a computer-generated _ 
remark file. cage 
Radionuclide angiography: Patients were studied while. 
they were supine in the anterior position using a computerized _ 
multicrystal scintillation camera (Baird-Atomic System-77, 
Bedford, Massachusetts). An 18 gauge 1.5 inch catheter was 
placed in an antecubital vein and high-specific activity tech- 
netium-99m pertechnetate (10 to 15 mCi) injected. LVEF was 
determined from first-pass quantitative radionuclide angio- 
cardiograms using standard techniques previously reported — 
from this laboratory 930 ee 2 
Left ventricular end-diastolic volume (LVEDV) was mea 
sured using planimetry of the end-diastolic images obtained.) 
LVEDV measured in this manner correlates well with that | 
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que ncies: were made by HF (2-tailed) ¢ test. When 

jle t tests were performed on a data set, p values were 

by multiplying the calculated p value by the number 

erformed, as suggested by Glantz.!2 Comparisons of 

incidence of complex arrhythmia patterns were performed 

the chi-square method. A p value <0,05 was considered 
ignificant. 


Results 


Electrocardiography: Digoxin administration re- 
ed in a modest decrease in the average heart rate. 
"he mean heart rate declined from 84.4 + 14.5 beats/ 
in during the placebo period to 79.4 + 12.4 beats/min 
0,06) and 80.2 + 11.5 beats/min (p <0.04) during 
igoxin.0.25 mg and 0.375 mg dosage periods, re- 
tively. The P-R interval increased from a placebo 
value of 0.164 + 0.03 second to 0.177 + 0.03 second 

2) during the low-dose and 0.181 + 0.04 second 

002) during the high-dose digoxin treatment pe- 
decrease in the rate-corrected!* Q-T interval was 

d from 0.447 + 0.05 second (placebo) to 0.429 + 
igoxin 0.25 mg) and.0.426 + 0.06 (digoxin 0.375 

iese changes i in the Q-T, interval did not reach 


igni 

ular arrhythmias: For the group as a whole, 
emature ventricular complex frequency (per 
al beats) decreased from 56.1 + 46.6 during 
period to 40.0 + 27.2 (p = NS), and 24.8 + 
uring administration of digoxin, 0.25 and 
spectively (Fig. 1). Changes in premature 
lex frequency in individual patients 
igure 2. Two subjects showed an in- 
of 12 (83%).a decrease in mean premature 
omplex frequency. However, only 3 of 12 

onstrated 275% ectopic suppression. 
zt of digoxin on ventricular couplet frequency 
1xined. Mean couplet frequency (per 1,000 
) decreased from 1.13 + 1.9 during placebo 
(p = NS) and 0.36 + 0.59 during the low- 
e digoxin periods. The observed reduction 
ney at the 0.375 mg dose closely ap- 
tical significance (t = 2.5520, p 


ared to have little effect on the quali- 

ce of complex ventricular ectopic pat- 

During the placebo period, multiformity 

nt in 12 of 13 (93%) patients, bigeminy in 13 

uplets in 13 of 13 (100%), and ventricular 

2 of 13.(15%). There was no significant 

he ncidence of these arrhythmia patterns 
of the digoxin dose periods. 

lar function and ventricular ar- 


aa a depressed overall 


TABLE I Effect of Digoxin on ‘Complex Ven! ricular 
; Patterns (n = 13) REER 





Digoxin, 
Placebo 0:25 mg 


12/13 (93%) 12/13 (93%) 
13/13 (100%). 13/13 (100 %)* 
13/13 (100%). 13/13 (100 %)* 
2/13. (15%) 2/13 (15%) 





Multiformity 
Bigeminy 
Couplets 
Ventricular. 

_ a0hycardia 


p = NS, compared with placebo. 


LV performance (ejection fraction <50%). In pati 
with a normal ejection fraction, end-diastolic vol 
averaged 144 + 13 ml and end-systolic volume 58 : 
ml. Patients with an abnormal ejection fractio 
significantly higher mean values for both end-dias 
volume (226 + 44 ml, p <0.005) and end-systolic vol 
(131 + 25 ml, p <0.001). 
The effect ‘of digoxin on. premature ventr ul 
complex frequency in these 2 subgroups is show 
Figure 3. In patients with a normal ejection fraction 
mean frequency decreased from 69.3 + 57.9 di 
placebo to 20.4 + 17.8 during the digoxin 0.375 
dosing period (p <0.05). A significant reductio: 
couplet frequency was also observed, with mean valu 
decreasing from 0.59 + 0.85 to 0.07 + 0.06 (p <0.04). J 
patients exhibiting 275% premature ventricula 
plex suppression were in the subgroup with norma 
function.. 


LVEF 250% LVEF < 50% 6" 
n= 7 n=6 








PVC's / 1000 normal beats 


*p<0.05 
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"FIGURE 3. Effect of digoxin on the mea 


“ventricular complexes (PVC! 8) inp 
abnormal (2 50%) left ventr 








dn the subse of patients with depressed LV function, 
however, no significant changes occurred either in mean 
premature ventricular complex or couplet frequencies 
after digoxin administration. Mean values for prema- 
ture complex frequency were 42.0 + 29.9 during placebo 
and 29.2 + 16.5 during digoxin 0.375 mg (p = NS). Mean 
couplet frequency values were 0.71 + 0.90 and 0.65 + 
0.76 (p = NS), respectively, during the same 2 dosing 
periods. 
- Toxicity: No study patient exhibited signs or 
mptoms of digitalis toxicity. One subject did show a 
T% increase in premature ventricular complex fre- 
quency and had short runs of ventricular tachycardia 
while receiving digoxin. Whether these changes were an 
xpression of digitalis toxicity or merely an example of 
pontanecous arrhythmia frequency variation is uncer- 








































Discussion 


Given their propensity, at toxic doses, for producing 
rious and even fatal ventricular rhythm disturbances, 
e digitalis glycosides have not received extensive 
evaluation in the treatment of ventricular dysrhyth- 
ias. The notion that they may be useful in this context 
not, however, new. Scherf!4 reported in 1960 that “the 
various digitalis glycosides abolish most atrial and 
ventricular extrasystoles, provided they are not caused 
digitalis.” Blumberg et al!5 reported that oral digi- 
alis preparations reduced premature ventricular 
mplex frequency by >90% in 12 of 16 patients with 
requent ventricular ectopy but without other evidence 
of organic heart disease. More recently, Lown et alë 
performed short-term acetylstrophanthidin tolerance 
testing in a group of 143 patients, and reported that 46% 
demonstrated >50% ventricular ectopic suppression 
ufter intravenous drug administration. Furthermore, 
n this subgroup of “responders” it was observed that 
epetitive ectopic beats (couplets and ventricular 
hycardia) were abolished in all but 1 of the patients 
xhibiting them during the control period. 
_ The present study demonstrates that oral digoxin also 
possesses significant activity against ventricular ectopy, 
nut indicates that the extent of this activity is somewhat 
mited. At a daily digoxin maintenance dose of 0.375 
mg, total premature ventricular complex frequency 
lecreased 56%, and there appeared to be a concurrent 
luction in couplet frequency. In contrast to 
lumberg’s study, however, complete or near-complete 
mature complex suppression was rarely seen and, 
like in Lown’s study, there was little observed re- 
ction in maximal arrhythmia grade. 
ie apparent discrepancy between these results and 
se of earlier studies probably reflects differences in 
tudy design. In Blumberg’s study (available only in 
bstract form), patients were apparently recruited on 
e basis of a single 10-hour electrocardiographic re- 
cording demonstrating a premature ventricular complex 
requency 230/1,000 QRS complexes. Several studies 
ve now documented that significant spontaneous 
ariation regularly occurs in premature. ventricular 
omplex frequencies in many individuals.®7.16 The se- 




















ction of ie ies on ı the basis of a i random electrocar- ae anesthetized cat, Ev 





diographib recording eihibiting % a high premature 


complex frequency will therefore tend to result in the 
inclusion of many individuals at the “high tide” of their 
ectopic frequency pattern, while excluding patients at. 
a low point in their ectopic occurrence. The danger of 
this type of recruitment process is that the results of any 
study in which ectopic beat frequency is used as an end. 
point will be biased in the direction of demonstrating. 
the efficacy of the particular treatment modality in 
question. In the current study, patients were chosen . 
initially on the basis of an average premature ventricular _ 
complex frequency of >10/1,000 normal beats. Four of ` 
these original 17 patients demonstrated a >90% spon- . 
taneous reduction in premature complex frequency 
during the placebo period. Use of a placebo-controlled _ 
study design allows such patients to be recognized and 
excluded from data analysis and avoids exaggerating 
treatment efficacy. i 

In Lown’s study, the finding that repetitive beat 
formation was almost completely abolished in the “re- . 
sponder” subset may also in part be a function of study. 
design. It has been observed that the reproducibility of 
couplet occurrence over short monitoring periods is 
often poor!” and that couplet detection is directly re- 
lated to monitoring duration./8-9 It is possible that the - 
observation periods used in Lown’s study (several hours — 
or less) may not have been sufficient to document con- _ 
tinued couplet occurrence. In the present study, couplet - 
frequency could be shown to decline after drug admin- 
istration, but complete abolition of repetitive beat for- 
mation was observed in only 1 subject. This probabl 
reflects the longer (24-hour) electrocardiographi 
monitoring periods used in the present study. 

It is of interest that digoxin was found more eifectiv 
in suppressing premature ventricular complexes in 
patients with normal, compared to abnormal, baseline 
LV function. While this finding could prove to be due 
to small sample size, it more likely represents one aspect 
of the complex pathophysiologic interrelationship be- _ 
tween ventricular arrhythmias and abnormalities of _ 
ventricular function. In patients surviving acute myo- 
cardial infarction, for example, several studies | 
shown that the prognostic implications of recorder 
ventricular arrhythmias are more adverse in the pres 
ence of significant LV dysfunction. 20.21 It is possible t 
ventricular arrhythmias in the setting of myo 
structural abnormalities severe enough to ci 
overall LV function will prove more resista 
attempts at pharmacologic suppression, Fur 
is needed to clarify this issue. : 
































ventricular antiarrhythmic hone of the 
glycosides are mediated by way of the autonomic n 
vous system. It is now well-established that the effect 
of digitalis on the central nervous system are comple 
dose- related, and probably ee for many i 





heart; this increased tan activi 
correlated with the development of malignant ventr 2 
ular dysrhythmias.22 In studies. performed on the _ 

d Gillis opetta that . 











- Gabtoxie doses of auabein dectedse sympathetic activity 
and prevent the development of arrhythmias produced 
_ by hypothalamic stimulation. Gillis and Quest? postu- 
lated that this reduction in efferent sympathetic ac- 
tivity, which appears to be reflexly mediated, may ac- 
ount for the antiarrhythmic effects of digitalis on the 
entricle. Digitalis drugs also augment vagal tone and 
ther investigators® have suggested that the antiar- 
ythmic effects of vagal stimulation?*-** may be im- 
tant in explaining the effects of these agents in 
ressing ventricular arrhythmias. 
emodynamic mechanisms may also be postulated 
n explaining the ventricular antiarrhythmic properties 
_ of digoxin. Previous authors have speculated that dig- 
_ italis drugs might reduce ventricular arrhythmias i in 
patients with congestive heart failure by increasing 
ntractility, reducing LV size and wall stretch, and 
mproving myocardial oxygen supply/demand ratio.‘ 
though approximately half of our patients had de- 
yressed resting LV function at the time of study, none 
ad clinical congestive heart failure. Furthermore, the 
ients found most responsive to digoxin were those 
normal LV function. In this circumstance, digitalis 
ould be expected to actually increase myocardial 
ygen demand.?’8 It thus seems unlikely that he- 
odynamic changes are the primary mechanism re- 
e for reducing ventricular ectopy in the present 









































s utility of this class of nies as ventricular 
mic agents. Further studies, such as those 
eee the effect of se hier on ventricular 
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A. JOHN CAMM, MD, BSc, MRCP 


Intravenous flecainide acetate was administered to 
3 patients undergoing routine electrophysiologic 
Study: 18 patients had a direct accessory atrioven- 
tricular (AV) pathway and 15 patients had functional 
longitudinal A-H dissocciation (dual A-H pathways). 
cainide was given to 14 patients during sustained 
/ reentrant tachycardia and to 9 patients during 
ained intra-AV nodal reentrant tachycardia. 

V reentrant tachycardia was successfully ter- 
inated in 12 of 14 patients. Tachycardia termina- 
ion was due to retrograde accessory pathway block 
n 11 patients and AV nodal block in 1. During fle- 
Cainide administration, tachycardia cycle lengths 
increased (327 + 55 to 426 + 84 ms) principally 
2ecause of retrograde conduction delay in the ac- 
essory pathway (127 + 34 to 197 + 67 ms). After 
lecainide administration, tachycardia reinitiation 
was not possible in 6 patients. In all 18 patients with 
accessory AV pathway conduction, flecainide sig- 
1ificantly increased both anterograde and retrograde 
accessory pathway effective refractory periods, with 
interograde accessory pathway block in 3 patients 
and retrograde accessory pathway block in 8. 
Intra-AV nodal reentrant tachycardia was suc- 
ssfully terminated in 8 of 9 patients. Tachycardia 
‘mination was due to retrograde “fast” A-H 








cainide acetate (Riker Laboratories, St. Paul, Min- 
ta) is a membrane-stabilizing antiarrhythmic 
tt with proven efficacy in the termination of some 
rimentally induced arrhythmias.2~+ Favorable 
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pathway block in 7 patients and anterograde “slow” — 
A-H pathway block in 1 patient. During flecainide © 
administration, tachycardia cycle lengths increased _ 
(326 + 50 to 433 + 64 ms) due to both anterograde, _ 
A-H and H-V (AV 242 + 97 to 343 + 75 ms), and | 
retrograde, earliest ventricular to earliest atrial (51 
+ 14 to 70 + 23 ms) conduction delay. After fle- _ 
cainide administration, reinitiation of intra-AV nodal 
reentrant tachycardia was not possible in 4 patients. 
in all 15 patients with dual A-H pathways, flecainide _ 
selectively prolonged the retrograde effective re- _ 
fractory period of the fast A-H pathway, having little | 
effect on anterograde fast A-H pathway refractori- _ 
ness or on anterograde and retrograde slow A-H- 
pathway refractoriness. Anterograde fast A-H _ 
pathway block occurred in 1 patient and retrograde 
fast A-H pathway block occurred in 6 patients. No 
serious adverse effects were encountered during the _ 
study. ao 
Flecainide acetate is an effective agent for the _ 
acute termination of both orthodromic AV and in- _ 
tra-AV nodal reentrant tachycardias. This antiar- 
rhythmic action appears to be mediated through a __ 
predominant effect on either accessory AV pathway _ 
or retrograde fast A-H pathway refractoriness. 






















pharmacokinetic properties®“ and preli 
studies demonstrating its effectivenes: 
spectrum of arrhythmias’~? indicate tha 


pathways1? duga may therefore be particularly 


_ valuable in the management of reentrant tachycardias 
which utilize such tissues. The present study was un- 
dertaken to investigate this antiarrhythmic potential. 


Methods 


Patient group: In 33 consecutive patients (18 male and 15 
emale) aged 22 to 73 years (mean 40) electrophysiologic 
tudies. were performed for the investigation of recurrent 

xysmal “junctional” tachycardias. Eighteen patients had 
jirect accessory atrioventricular (AV) pathway, 15 of whom 
ad provocable AV reentrant (orthodromic) tachycardia 
lizing the accessory pathway as the retrograde limb of the 
tachycardia circuit. Accessory pathway conduction was bi- 
directional, with ventricular preexcitation during sinus 
rhythm (Wolff-Parkinson-White syndrome) in 9 patients and 
trograde only (electrophysiologically concealed AV acces- 
ory pathway conduction) in the remaining 9 patients. The 
other 15 patients had functional longitudinal A-H dissocia- 
tion; 9 of these had inducible intra-AV nodal reentrant ta- 
hycardia. 2-16 

Electrophysiologic study: All patients were studied after 

sorption in nonsedated state after giving informed written 

sent. All antiarrhythmic drugs were discontinued at least 
rug ‘elimination half-lives before electrophysiologic 


ip ofa tapaiat electrode was positioned at the ee ven- 
r cular apex. The 2 distal poles were used for right ventricular 


the best possible bipolar recording from the lateral wall of the 
right atrium. A quadripolar electrode was introduced from the 
same subclavian vein and positioned in the coronary sinus f 
both stimulating and recording. Two bipolar electrodes wer 
introduced by way of a femoral vein. One electrode was at 
vanced into the high right atrium for pacing and the oth 
electrode was positioned against the septal leaflet of the tr 
cuspid valve to record distinct low right atrial, His bundle, and 
proximal right ventricular electrograms. Intracardiac | 

were filtered between 50 and 500 Hz and recorded o 
channel Mingograf inkjet recorder (Siemens-Elem: 

holm, Sweden) simultaneously with surface electrocar 
graphic leads I, aVF, V;, and Ve. Paper speeds of 100; an 
mm/s were used. Intracardiac stimulation was achieved 

a Devices-type 4279 “programmable” stimulator (Digi 
Welwyn, Hertfordshire, England) using pulse amplitude: 
twice diastolic threshold and pulse durations of 1:5 to 2 


Intracardiac conduction intervals were measured during 
sustained AV reentrant tachycardia (14 patients) and 
tained intra-AV nodal reentrant tachycardia (9 patients 
Refractory periods of accessory AV (18 patients) and dual 
pathways (15 patients) were determined during basic: atri 
and ventricular pacing using the extrastimulus 
nique. 1718 

Tachycardia initiation windows were determined in e 
patient during basic atrial or ventricular pacing followed | 
the introduction of a single atrial or ventricular extrastimuly 
respectively. The tachycardia initiation window is defined 
the difference, in milliseconds, between the longest. A 
shortest atrial or ventricular extrastimulus coupling interve 
which result in the initiation of 2 or more beats of reentre 
tachycardia. 


1. In this patiant with a left free wall accessory AV pathway, tachycardia termination occurred 45 seconds after flecainide administrati 
s, after 14 mg of a total dose of 88 mg had been given. Tachycardia termination resulted from retrograde block in the accessory parway 
ctr ent in tachycardia being ventricular depolarization. Before termination, the tachycardia cycle length increased from 290 t 
lay in ventricular to atrial conduction. A small increase in the HV interval was also observed. A = intracardiac atrial electrogram 
stal coronary sinus electrogram; H intracardiac His bundle deflection; HBE.= His bundle electrogram; HRAE = high right atric 
í ; nL, ENF, Vi and Ve = surface seca omen laade: y = ventricular dopolariza on Alls mea- 























ALL measurements were made to the nearest 5 ms. For e acetate doses i in all 33 patients ranged from 88 
comparison, identical basic atrial and ventricular cycle lengths ` to'175 mg (mean 134). 
“were used before and after flecainide administration. Con- Statistics: Statistical data were Sanatasi omnet Student 
- duction intervals and refractory periods were determined as 2-tailed t test for paired data. 
‘previously described.!” 





























. Flecainide administration: After baseline electrophysi- Results 
-ologic‘evaluation, a dose of flecainide acetate (2 mg/kg of body . 
weight) was administered intravenously over 5 minutes. Fle- Orthodromic AV reentrant tachycardia (Tables 


inide was given during reentrant tachycardia to 23 patients I and IT): Flecainide acetate successfully terminated A 
4with AV reentrant tachycardia and 9 with intra-AV nodal reentrant tachycardia in 12 patients an average of 
entrant tachycardia) in whom tachycardia had been ini- minutes (range 45 seconds to 8 minutes) after beginning 
ated and sustained for at least 10 minutes before injection. administration. Tachycardia termination was due 
llecainide was given to the remaining 10 patients during sinus block in the retrograde limb of the tachycardia circuit 
m. The complete dose of flecainide was administered in 11 patients and block in the anterograde (A-H) lit 
ether termination of tachycardia occurred or not. Elec- 
trophysiologic assessment after drug administration began ore ice oa of tac 


15 minutes after commencing drug infusion and was com- ; aSa A 3 ; 
letéd within 45 minutes of drug administration. Before be- After starting flecainide administration, Pilg i 
e Ë 


ginning electrophysiologic evaluation after drug administra- cycle lengths increased in all patients (Fig. 2) z 
on, pacing thresholds were readjusted to twice diastolic principally to an increase in retrograde conduction time _ 
reshold. (Table 1). Anterograde conduction intervals during 








ABLE | “Tachycardias 
i AV intra-AV Nodal 
Reentry Reentry 


Before After Before 


‘Gycle length 327 + 55 426 + 84° 326 + 50 
AV time 174 + 51 190 + 46 242 + 97 
-H time 133 + 48 133.4 49 197 + 96 
V time 4ii9 514.17" 45411 
N-A time 127 + 34 197 + 67° 514 H4 
Initiation of tachycardia 14 padoms 9 patients 9 patients 
Initiation window {atrial} 611 264 11! 46 + 13 


I measurements are in milliseconds (mean + 1 standard deviation). : 
Before = before fiecainide administration; after = 15 minutes after flecainide administration or immediately before tachycardia. terminatio 
A = shortest ventricular to atrial. T 

P + <0.001. 
p <0.05, 

















LEN Accessory AV Pathways 





Tachycardia 
AVERP VAERP Initiation 




























Before After Before After Before After 


220 265 <220 <230 AVRT 
<230 290 260 260 AVRT AVRT 





240 700 <230 <240 AVRT AVRT 
250 300 275 290 AVRT AVRT 
255 270 <235 <260 oo AVRT AVRT 
<265 265 220 280 AVRT AVRT 
300 >600 280 315 AVRT 0 
440 >600 320 >600. AVRT 0 


Concealed <250 © >600 AVRT 0 
Concealed 260 <240 AVRT AVRT- 
Concealed 275 475 AVRT AVRT 
Concealed 295 310 AVRT AVRT 
Concealed 300 >600 AVRT 0 
Concealed 320 -~600 0 Qo... 
Concealed 350 > 600 AVRT HEO o 
Concealed so Eo ae Qo 
_ Concealed _ oe 0 


AVERP = = anori effective refractory od: VAERP = retrograde effective retracte 
nis inmiligeconda Atter = = after flecainide aaminietration. 
n milliséco: : 


p< 0.001 


milliseconds 


@AVAT (n=14) 
OAVNAT (n= 9) 


control flecainide 


IRE 2. Comparison of tachycardia cycle lengths before flecainide 
administration and immediately before tachycardia termination. AVNRT 
tra-AV nodal reentrant tachycardia; AVRT = orthodromic AV 


cardia increased only slightly, due almost entirely 
nereased H-V conduction time (Fig. 3). 

‘achycardia was reinitiated in 9 patients (6 with 

-preexcitation and 3 with concealed accessory 

y conduction) during the course of the electro- 

gic assessment after drug infusion. A single 

astimulus was able to initiate reentrant 

lia in 15 patients during the control study but 

achycardia was possible i in.only 14. In these 

its this tachycardia initiation window was sig- 

reduced and in 6 patients was completely 

by flecainide infusion. A single ventricular 

3 initiated tachycardia in only 3 of the 18 

afore flecainide administration. No ortho- 


| A-H Pathways 
Fast A-H Pathway 


AVERP 


iod; VAERP = = rel 


Slow A-H Pathway .. 


AV interval VA interval 


AVRT (mela eo 
p<0.001 OAVNAT (1299p ni 


milliseconds 


Control Fiecainide Control Flecairide aS : 


FIGURE 3. Comparison of anterograde and retrograde conduct 
tervals during reentrant. “junctional” tachycardia. before fl 
administration and immediately before tachycardia terminatio 
interval = A-H + H-V conduction times; V-A interval = parlie 
tricular to earliest atrial conduction time. 


dromic AV reentrant tachycardia initiation wi 
a single ventricular extrastimulus were present a 
flecainide. However 1 patient (Table I, Cas 
antidromic AV reentrant tachycardia during: ven 
extrastimulation after flecainide. In this patien 
tricular extrastimuli with coupling intervals < 
than the retrograde effective refractory period o 
accessory pathway (280 ms) conducted retrograd 
through the AV node and then anterogradely 
the accessory pathway, resulting in antidromic 
trant tachycardia at a cycle length of 370 ms. 
Flecainide administration resulted in anterog 
accessory pathway block in 3 patients, all of whom. 
long refractory periods during the control stud 
440, and 480 ms). In the remaining 6 patients. with 


Tachycardia: 
Initiation 


Before After 


033 - 


| eo0ecsos 


rograde effective ratory period AVNRT = ‘ne AV nodal reentrant tachycardia 
alter tlecainide administration.: a a 










preexcitation where accessory pathway anterograde l 


refractoriness was <265 ms during the control study, 
refractoriness increased insignificantly in 4 and showed 
a relative increase in the remaining 2 patients. By 
comparison, effective refractory periods of the atrial 
myocardium in these 9 patients changed insignificantly 
(191 + 24 to 197 + 30 ms). 

Accessory pathway retrograde refractoriness was 
ore markedly increased by flecainide administration. 
etrograde accessory pathway block persisted in 8 pa- 
ents, 7 of whom had accessory pathway retrograde 

refractory periods of 2300 ms during the control study. 
1 the 10 remaining patients, retrograde refractoriness 
(<300 ms in all cases during the control study) was in- 
creased in 5, unchanged in 1 (268 + 24 to 322 + 71 ms, 
difference not significant [NS]), relatively shortened in 
1, and relatively increased in the remaining 3 patients. 
Right ventricular myocardial refractoriness in these 18 
_ patients demonstrated a slight change from 217 + 22 to 
226 + 24 ms (p <0.05). 
_ Intra-AV nodal reentrant tachycardia (Tables 
_ Land HI): All patients with intra-AV nodal tachycardia 
had the typical variety of reentry comprising antero- 
grade slow A-H pathway conduction and retrograde fast 
A-H pathway conduction with virtually simultaneous 
atrial and ventricular activation. Flecainide acetate 
successfully terminated intra-AV nodal reentrant 
tachycardia in 8 patients an average of 5 minutes (range 
1 to.15) after administration began. 

‘Tachycardia termination resulted from block in the 

trograde limb of the tachycardia circuit in 7 patients 
and block in the anterograde (A-H) limb in the re- 
maining patient. A typical example of tachycardia ter- 











“mination is illustrated in Figure 4. Flecainide increased — 


intra-AV nodal reentrant tachycardia cycle lengths in 
all patients due to an increase in both AV and VA times 
(Fig. 2, Table I). However VA time was measurable in | 
only 5 patients, the low right atrial deflection on the His © 
bundle electrogram occurring simultaneously with and 
thus indistinguishable from the right ventricular de- 
flection in the remaining 4 patients. ' 
In 5 patients, intra-AV nodal reentrant tachycardia: 
could be reinitiated during the post-drug study. In 3 of - 
the 4 remaining patients, retrograde block of the fast 
A-H pathway persisted. After flecainide administration, 
the tachycardia initiation window using a single atrial © 
extrastimulus decreased insignificantly. A single ven 
tricular extrastimulus initiated tachycardia in 4 patients 
only during the control study and not after flecainide 7 
administration. i 
Flecainide markedly increased retrograde refracto- 
riness of the fast A-H pathway, retrograde block per- 
sisting in 6 patients, remaining markedly prolonged in © 
7 patients, and unchanged in 2 (see Table III). The 
magnitude of this increase was not, however, related to 


the effective refractory period measured during the 


control study. Anterograde fast A-H pathway refrac- 

toriness (350 + 52 to 355 + 45 ms) was not significantly 
affected by flecainide. Similarly, refractoriness of the — 
slow A-H pathway in both the anterograde and retro- __ 


grade directions was not significantly affected by fle- 


cainide. The change in myocardial refractoriness of both: 
the right atrium (200 + 31 to 210 + 30 ms) and right — 
ventricle (225 + 23 to 222 + 21 ms) after flecainide ad- 
ministration in these 15 patients with functional A-H = 
duality was not statistically significant. os 


FIGURE 4. In this patient tachycardia termination occurred 85 seconds after flecairide administration began, that is, after 40 mg of at 
f.140 mg had been given. Tachycardia termination occurred as a result of block in the retrograde limb (fast A-H pathway) of the tachycard 
_ the last electrical event during tachycardia being ventricular depolarization. Before termination, the tachycardia cycle length i ed 
‘to 475 ms due to conduction delay in both the anterograde and retrograde limbs of the tachycardia circuit. A = intracardiac atrial | 
= distal coronary sinus electrogram; H = intracardiac His bundle deflection; HBE = His bundle electrogram; HRAE = high right 
PCSE = proximal coronary sinus.electrogram; L.1, aVF, V4, and Ve = surface electrocardiographic leads; V = ventricular depol 


surements in milliseconds. 











_ Adverse effects: Two patients experienced major 
adverse effects. Antidromic AV reentrant tachycardia 
-was initiated in 1 patient in whom it was only possible 
to initiate orthodromic AV reentrant tachycardia during 

e control study. In another patient, a single ventric- 
ar extrastimulus reproducibly initiated ventricular 
ter and fibrillation only after flecainide adminis- 
n. Minor: adverse effects included numbness and 
thesia of the buccal mucosa in 28 patients, tran- 
wwsiness or dizziness in 5 patients, and dis- 

at the injection site in 3 patients. 























































Discussion 


_.. The maintenance of reentrant “junctional” tachy- 
- cardia depends upon tachycardia cycle length exceeding 
e refractory period of any 1 of the components of the 
entry circuit. Hence, any pharmacologic agent which 
creases refractoriness within the reentry circuit be- 
ynd the cycle length of the tachycardia will prevent 
duction and maintenance of reentrant tachycardia. 

eally such an antiarrhythmic agent would selectively 
ease refractoriness within the anomalous pathways 
A-H pathway or accessory AV pathway) without 
ing conduction or refractoriness within the normal 
duction system of the heart. 

ny reports have described the efficacy of Vaughan 
liams!? class I and IHI antiarrhythmic agents in the 
nagement of the Wolff-Parkinson-White syn- 
e.70-22 Disopyramide was shown to significantly 
. both anterograde and retrograde accessory 
vay refractoriness to a similar extent and to ef- 
ely terminate orthodromic AV reentrant tachy- 
lia by blocking the retrograde limb of the circuit; 

owever, conduction time through the accessory path- 
as probably also increased.?*.24 Wellens et al?°-?6 
hat procainamide, quinidine, ajmaline and am- 
e had marked effects on anterograde refracto- 
ecessory. pathways with a lesser effect on 
ractoriness. The magnitude of the effects 
dn anterograde accessory pathway re- 
s related to initial accessory pathway 
fective refractory period before drug 
27 a more marked lengthening of re- 
curring if the initial refractoriness was 
ich drug effect was observed with regard 
fractoriness of accessory pathways in the 
tients, 

ecainide had a marked effect on both 
retrograde accessory pathway refrac- 
cts on retrograde refractoriness ap- 
re marked. The response of accessory 
rade refractoriness to flecainide also 
to its resting value with short (<270 ms) 


ion block ea A similar 
pathway roemde refractoriness 


curred (all 7 of our patients had accessory pa 
retrograde block after flecainide administr 
whereas the response to flecainide was much | 
marked when retrograde refractoriness was <300 m 
The more marked effect of many antiarrhythmic agen’ 
including flecainide acetate, on accessory pathway r 
fractoriness compared with their reduced effect one 
ther atrial or ventricular refractoriness suggests: 
accessory pathways, although histologically simile 
ventricular muscle,?8?9 have quite distinct elec 
physiological characteristics. | 

Similarly, procainamide? and quinidiiet? 
shown to selectively depress retrograde fast A- H pat. 
way conduction in patients with intra-AV nodal ree: 
trant tachycardia, with little or no effect on anterog: 
fast A-H pathway conduction and no significant 
on either anterograde or retrograde slow A-H path 
conduction, 

This study has shown that flecainide effectively 
minates intra-AV nodal reentrant tachycardias by : 
lectively prolonging retrograde fast A-H pathwa 
fractoriness. Its selective depressant effect on fast 
pathway refractoriness with a negligible effect on eith 
atrial or ventricular refractoriness in the same group 
patients are findings which are strikingly similar to t 
effects observed with procainamide and quinidine 
in agreement with the suggestion by Gomes,?2*5 Platt, 
and their co-workers that the fast A-H pathway 
electrophysiologically dissimilar to either the:slow A 
pathway or the normal AV node and more characteris 
of accessory or anomalous pathway tissue. In 6 of o 
patients, retrograde duality of AV nodal conducti 
only became evident after flecainide administrati 
(Table ID), presumably due to the selective impairme 
of retrograde fast A-H pathway conduction by 
cainide. 

Although slow pathway refractoriness was unaff : 
by flecainide, the A-H interval during intra-AV noda 
reentry was prolonged markedly. Previous studies ha 
shown that flecainide depresses conduction through t 
normal AV node.!° Despite this the A-H interval du 
AV reentry remained unchanged, presumably a r 
of concomitant slowing of the tachycardia rate. 
different response of the slow pathway may be relat 
to an increased sensitivity to flecainide. Also this A- 
interval is not a linear conduction time and is not 
rectly comparable to the A-H interval during sinu: 
rhythm or during AV reentry. : 

The significant depressant effect of flecainid 
normal cardiac conduction pathways as well as an 
alous pathways may theoretically tend to fa / 
tinuation of reentrant tachycardias, although at 
rate. However, the disproportionate influence of 
cainide on abnormal pathway refractoriness assur 
tachycardia termination in 20 of the 23 patients. Sin 
flecainide appears to have relatively minor negati 
inotropic effects in both experimental models! and | 
normal human heart,®® slowing the tachycardia 
should improve the clinical and hemodynamic state 
patients with reentrant tachycardias. - 

In this study, flecainide acetate proved to be an ex 
rean effective agent for r the acute management 





















reentrant functional tachycardias which utilize either 
“accessory AV pathways or dual A-H pathways. The 
usual mode of tachycardia termination in response to 
flecainide was marked prolongation of the retrograde 
effective refractory periods of these pathways such that 
efractoriness exceeded the increase in tachycardia cycle 
_ length. It is unlikely that tachycardia termination was 

"spontaneous and coincidental with flecainide admin- 
tration as all patients had previous histories of long 
d sustained episodes of tachycardia, tachycardia was 
ell established in each patient before flecainide ad- 
ministration, and tachycardia termination was due to 
etrograde block in the anomalous pathway in all except 
2 patients. 
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olic time intervals (QS.-1 and LVET-I) and 
echocardiographically determined ejection fraction 
d velocity of circumferential fiber shortening were 
ded in 10 healthy volunteers as measures of 
pic effect during maintenance treatment with 
onsecutive drug regimens: (1) quinidine, 1,200 
day; (2) digoxin, average dose 0.31 mg/day; (3) 
ombination of (1) and (2); and (4) digoxin alone 
je dose. 0.65 mg/day) to provide the same 
-state serum concentration of digoxin as 
ing the period with combination of digoxin and 
nidine. The steady-state serum concentration of 
during the low-dose regimen increased from 
15 (mean + standard deviation [SD]) to 
28 nmol/liter when quinidine was added. 
high dose of digoxin alone, the serum di- 
level reached 1.68 + 0.50 nmol/liter. Skeletal 
uscle digoxin concentrations during these periods 
27.7 + 8.3, 48.7 + 16.2, and 51.6 + 23.6 
kg of ill weight, respectively. The skeletal 
e to serum concentration ratio of digoxin de- 
fniicantiy during quinidine treatment. 




















( ies have Secunnnced that the steady- state 
of digoxin in plasma/serum increases 
iring co-medication with quinidine! due 
enal*® and nonrenal digoxin clearance.*.’ 
- effects of the increased serum digoxin 
s are not fully clarified. Clinical reports 
diac as well as extracardiac adverse 
in occur as a result of the interaction with 
n 2 experimental studies in man, a 
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Systolic time intervals were significantly 
longed by quinidine alone and shortened by digox 
alone, the latter effect being dose-dep 
Subtracting the effect of quinidine itself, the in 
increase in digoxin level caused a significant 
crease in inotropic effect. When these corre 
values were compared with those attained 
the period with the same steady-state digoxin 
centration but in the absence of quinidine, no si 
nificant differences were found. Echocardiogr 
ically measured ejection fraction and velocity of 
circumferential fiber shortening showed trends fo 
similar drug effects, as did the systolic time inter- 
vals. 

This study, performed under steady-state con 
tions, demonstrates that the quinidine-induced i 
crease in steady-state serum digoxin concentrati 
will, with due consideration to quinidine’s o1 
pharmacodynamic properties, be accompanied by 
increased cardiac effects. This indicates that qui 
idine is not interfering with active receptor sites 
the heart for digoxin. 







































reduced inotropic effect of single doses of digoxin wa 
reported during treatment with quinidine.11:12 The 
present study was undertaken to evaluate the cardia 
effects of digoxin in volunteers during quinidine treat. 
ment employing conditions of drug therapy approachin 
those of the clinical situation. oe 


Methods 


Subjects and procedures: Ten healthy male wotlk 
(mean age 31 years, range 24 to 38) gave informed consent 
participate in the study (most of them were colleagues). (The 
Ethical Committee of the Karolinska Hospital approved the 
investigation.) Results of physical examination, routine blood 
study, including electrolytes, serum creatinine, blood count. 
and sedimentation rate, electrocardiograms, blood pressure 
systolic time intervals, and echocardiograms were normal, 

The subjects were investigated on 6 occasions (Fig, 1); be: 
fore intake of quinidine and digoxin (control 1); after 4 da 
intake of quinidine, 1,200 mg/day (Quinidine Durule 
Hassle: Astra, Sweden); ‘after 2 to 3 weeks’ intake of digo: 
in a low dose (0.31 + 0.07 [mean + SD] mg/day to produc 
steady-state serum level of 0.6 to 1.0 nmol/liter; a 







































4-day period with thesi same elow digoxin dose combined with: 


1,200 mg/day of quinidine. (It has been documented that the 
steady state of digoxin is reached after approximately 4 days 
of combination treatment.®4:!5) The final period consisted of 
2 to 3 weeks with a higher dose of digoxin alone (0.65 + 0.14 
mg/day), monitored to give the same serum digoxin concen- 
ation as that attained during the combination treatment. 
At least 6 weeks after discontinuing digoxin treatment a sec- 
ond control investigation without medication was performed 
ontrol Il). 
Blood samples, skeletal muscle biopsies, blood pressure, 
ectrograms, systolic time intervals, and echocardiographic 
easurements were all taken after at least 45 minutes of rest 
th the patient in the supine position and approximately 24 
hours after the last dose of digoxin. The 3 biopsy samples were 
taken from the quadriceps femoris muscle (vastus lateralis) 
with the. percutaneous needle biopsy technique of Berg- 
strom.'4 The needle was inserted into the muscle through a 
small incision made in locally anesthetized skin. 
During: the first 24 hours of the combination treatment all 
bjects were in hospital and monitored with electrocardi- 
ography. There was close contact between the investigators 
and the subjects during the different test periods to monitor 
potential: untoward reactions. 
Determination of skeletal muscle and serum digoxin 
centrations: The skeletal muscle samples were freeze- 
ied and carefully freed from connective tissue and fat. Two 
eces from each biopsy sample were weighed and homoge- 
nized in phosphate buffer; afterwards, digoxin was extracted. 
from the tissue with dichloromethane. After evaporation of 
e dichloromethane phase, the residue was redissolved in 
human serum, and the digoxin concentration was measured 
by radioimmunoassay with a commercial iodine-125 radio- 
immunoassay kit (New England Nuclear, Boston, Massa- 
chusetts). The method has previously been described in de- 
411.1516 The serum digoxin concentration was measured with 
the iodine-125 radioimmunoassay kit without any extraction 
procedure. The coefficients of variation for duplicate analyses 
of skeletal muscle and serum digoxin were 11 and 6, respec- 
tively. The skeletal muscle and serum concentrations given 
are the mean values of duplicate determinations. The digoxin 
concentrations in skeletal muscle were obtained from 9 vol- 
unteers as the muscle biopsy samples from the 10th subject 
were lost. 
_ Quinidine analyses: The quinidine concentrations in 
plasma were determined by the method of Cramér and Isak- 
sson. 





DIGOXIN | (low dose) 


day day day day week week 
1 23 4 1 2 





‘Electrocardiograms: The electrocardiograms were re- 
corded at-a paper speed of 100 mm/s with a Mingograph 62 - 
(Siemens-Elema). Heart rate, P-Q interval, QRS duration and | 
Q-T interval corrected for heart rate (QT,) according to 
Bazett!® were measured in 10 consecutive beats in lead I and 
the same complexes were included in the calculation of the 
systolic time intervals. The electrocardiographic measure- 
ments were done by 1 of the investigators without knowledge ; 
of the corresponding drug regimen. There were no significant 
differences in measurements performed by an independent. 
observer who, also blindly, reviewed random tracings. 5 

Systolic time intervals of the left ventricle: The systolic 
time intervals were measured from simultaneous records:of | 
the lead TI electrocardiogram, phonocardiogram, and external _ 
carotid arterial pulse. A piezoelectric crystal microphone | 
(EMT 25B, Siemens-Elema) was used to record the heart | 
sounds. The carotid pulse was recorded using an airborne. 
system with a funnel shaped pick-up attached by polyethylene 
tubing to a piezoelectric pressure transducer (EMT 510C, 
Siemeéns-Elema). The tracings were made at a paper speed of 
100 mm/s with a Mingograph 62. The total electromechanical _ 
systole (QS) and left ventricular ejection time (LVET) were 
calculated from the mean values of 10 consecutive heart beats, 
corrected for heart rate according to Weissler et al!%2° and 
presented as systolic time interval indexes (QS2-I, LVET-1.2) | 
Systolic time intervals were analyzed by the same investigato: 
without knowledge of the drug period at hand. No signific 
differences in measurements by an independent, also bline 
investigator were observed. Loe 

Echocardiography: The echocardiograms were performed ; 
with an ATL (Seattle, Washington) Mark 3 ultrasonoscope _ 
utilizing a 3.0 MHz transducer with optimal focus between 3 _ 
and 8 em. The printouts were recorded on a Honeywell LS. 
fiberoptic recorder with a paper speed of 50 mm/s 2 
subjects were examined while in the partial left latera 
bitus position. The transducer was placed in the third, 
or fifth intercostal space parasternally. Each cxatiination 
preceded by a 2-dimensional study for general survey of 
left ventricle. The left ventricular view was taken at or just 
below the tips of the mitral leaflets. Throughout the study, - 
care was taken to reestablish the identical position of the 
patient and the transducer. The left ventricular echocardio- _ 
graphic dimensions were measured from the endocardial echo 
of the posterior wall to that of the left side of the septum 
Measurements at end-diastole were made-at the peak 
R-wave; measurements at end-systole were made at 
of the smallest distance separating septum from posterio 



































DIGOXIN 1I (high dose) 


week day day day day 
3 1 2 FOA 


FIGURE A Study design. Ce Cardiac effects in 1 0 healthy: volunteers duri ng treatment with quini idine and digoni -H 





f ee fiber shortening and left 


‘ aluate the statistical significance of differences between 
; values, >0. 05 were considered nonsignificant 


Results 


erse reactions: The 2 different doses of digoxin 

lerated well without significant adverse effects 

all 10 subjects. Quinidine treatment caused a light 

modest tiredness in several volunteers and in a few 

es minor anticholinergic reactions. No differences 

hese regards were noted during the quinidine-di- 

in combination period compared with treatment 

ith quinidine alone. No ventricular arrhythmias were 

ded and no changes in blood pressure were regis- 
during the treatment periods. 

um digoxin concentration: When quinidine was 

the low digoxin dose, the mean serum digoxin 

ntration increased from 0.72 + 0.15 nmol/liter to 

.28 nmol/liter (126% increase, p <0.001) (Table 

1 the high digoxin dosage the mean serum di- 

oxin concentration was 1.68 + 0.40 nmol/liter (Table 

hich was not significantly different from that 

d during combined treatment with quinidine and 

igoxin dose. 

etal muscle digoxin concentration: The 

tate digoxin concentration in skeletal muscle 

8.3 nmol/kg of dry weight during the period 

lower digoxin dose. Skeletal muscle digoxin 

re: ed to 48.7 + 16.2 nmol/kg of dry weight (76% 

p <0: 001) during the combination therapy 

ne. This was not significantly different from 


DE CONTROLI 


TABLE I 


Periods (Mean + SD, n= hh 





Digoxin | 
Digoxin! + Quinidine 


0.31+0.07 (0.31. 0,07. 
0.72 £0.15 163+ 0.28t 
7 been NS 





Digoxin.dose 
(mg/day) 

Serum digoxin 
(concentration 
(nmol/liter) 

Skeletal muscle 
digoxin 
concentration” 
(nmol/kg dry 
weight) 


“n=. 
t Significantly different from digoxin I, p <0.001. 
+ Significantly different from digoxin |, p <0.005. 
Digoxin | = low digoxin dose: Digoxin It = high digoxin dose 


277883 48T E162 





The mean ratio. of the digoxin concentration 
skeletal muscle to that in serum decreased from 
12.0 to 30.7 + 18.4 (22% decrease, p <0.02) when qui 
idine was added to-the lower digoxin dose. During p 
riod of the high digoxin dose this ratio was 31.1 + 
which was not significantly querent from either o 
other 2 periods. 

Quinidine eoncentration: The mean pre 
quinidine concentration in plasma was 4.9 + 15 ar 
liter during treatment with quinidine alone in a dail 
dose of 1,200 mg, and 4.8 + 1.2 wmol/liter during th 
combination with digoxin with the same quinidine 


Cardiac effects: Control periods: The mean value 
of the systolic time intervals and echocardiographi 
measurements from the 2 control periods did not diffe 
significantly, nor did the values for their standard di 
viations. The individual values were within the norma 


f iods control periods before (control |) and after (control fl) pie administration: Q, maintenance treatment with qui 


treatment with the low eaman, dose; D 


DI-+ Q, maintenance treatment with 


e low digoxin dose i in: combinati YW 








Different Test Periods (Mean + SD, n = 10) | 


: TABLE it Electrocardiographic, Systolic T Time Intervals, and Echocardiographic Measurements at Steady Si State During the 





































Statistically omy from control period, p <0,001. 
f Statistically significant from contro! period, p <0.01. 
tt Statistically significant from control period, p <0.05. 


Electrocardiographic measurements: The heart rate 
did not change significantly during the different test 
riods except for a decrease with the high digoxin dose 
‘able Il). QT, was significantly prolonged compared 
ith the control period during treatment with quinidine 
alone and also with quinidine in combination with the 
ow digoxin dose. The high digoxin dose was associated 
ith a shortening of QT, (Table II). The P-Q interval 
and the QRS duration were not significantly altered 
ring any treatment period. 

ystolic time intervals: Heart rate corrected QS» and 
LVET (QS.-I and LVET-I) are presented in Table II 
d Figure 2. During the quinidine period the systolic 
me intervals were significantly longer than during the 
control periods. In contrast, when quinidine was added 
luring digoxin treatment, a slight shortening of QSo-I 
was recorded (p <0.05), whereas LVET-I was not sig- 
nificantly changed compared with the low digoxin dose 
one period. 

The low digoxin dose caused a shortening of QSo-I (p 
<0.05), but no statistically significant decrease in 
T-I. This inotropic effect was more marked with 
higher digoxin dose (QS»-I, p <0.001; LVET-I, p 
002). Compared with the effect of quinidine alone, 











RE 3. Electromechanical systole (QS.-1) ‘elated. 2 
oe ee concentration. Solid 9290p : 








Digoxin I 
Control | Quinidine Digoxin | + Quinidine Digoxin Il Control lt < 
- Heart rate 61+ 10 5949 5749 5948 5347* 57+8 
QT. (ms) 37 + 2. 42 + 3* 361 40 + gtt 3441 3742 
-QAS (ms) 533 + 15 545 + 147 527 + 177! 521+ 14t 516 + 13* 537 + 15 
Beemer. p) <0), Q5 rene 
LVET I (ms) 400 + 9 413 + 10* 398 + 14 997 + 15 389 + 127 401+ 13 
a 
cf (circ/s) Era 1.1 0,.1tt 1.2 £0.1 1.2 + 0.1 1.24 0.1 1140.1 
hy)... 2+4 7044 73 +4 7643 7443 72+5 


Digoxin | = low digoxin dose; Digoxin Il = high digoxin dose; EF = ejection fraction; Vef = circumferential fiber shortening. 


the addition of digoxin significantly shortened both o 
QS2-T and LVET-I (p <0.001). i 

During 2 treatment periods (combination low digoxin 
dose and quinidine, and high digoxin dose), serum as. 
well as skeletal muscle digoxin concentrations were. 
similar. After individual correction for the effect of- 
quinidine, the effects of digoxin on the systolic time — 
intervals were similar. This is illustrated for Selir in o 
Figure 3. a 












Echocardiographic measurements: During quinidir 
treatment there was a slight but significant reducti 
{p <0.05) in the mean velocity of circumferential 
shortening, whereas the ejection fraction was not 
nificantly changed (Table II, Fig. 4). During the om 
bined treatment with quinidine and digoxin the iS 
a significant increase in both mean velocity of circum- _ 
ferential fiber shortening and ejection fraction com- » 
pared with treatment with quinidine alone (p <0.01). 
Digoxin alone did not induce any statistically significant — 
change in velocity of circumferential fiber shortening — 
or ejection fraction, although a tendency for values to _ 
increase was observed with both doses compared: with 
the control. period. 











“March 1, 19 














































d-diastolic diameters were not changed during the 


Discussion 


the present study, left ventricular performance has 
een measured noninvasively during treatment with 
igoxin and quinidine, alone and in combination, in 

hy volunteers. The design involved maintenance 
ent with normal therapeutic doses of the drugs 
mic the clinical situation. A treatment period with 
xin alone, monitored to yield the same steady-state 
erum digoxin concentration as during the combination 
f quinidine and digoxin, enabled us to assess the re- 
ponsiveness of the heart to a given concentration of 
oxin in the absence and in the presence of quini- 





n accordance with previous. studies, quinidine 
atment approximately doubled the steady-state 
tration of digoxin in serum,!-36.7 and caused a 
sr increase in skeletal muscle. 23 The ratio of the 
oxin concentration in skeletal muscle to that in 
therefore decreased by about 22% confirming our 
ous findings with a decreased ratio of 23%.?8 
ever, this decrease in the ratio does not mean a re- 
tissue digoxin concentration. On the contrary, 
e of the quinidine-induced increase in the total 
oad. of digoxin, the digoxin concentration in 
keletal muscle was increased by approximately 75%. 
entricular performance is mainly dependent 
on preload, afterload, and contractility (inotropy). 
load and afterload—measured as left ventricular 
d-diastolic diameter and systemic blood pressure, 
espe tively —were unchanged during the study; 
fore, drug effects on the noninvasive variables may 
red changes in contractility of the left ven- 
ates did not. change during the different 
cept for during the period with a high 
ere a significantly decreased heart rate 
comparison with the control period. 
e known, quinidine decreased and di- 
creased contractility measured as changes in 
intervals. 
idine was administered to the subjects 
nance digoxin treatment, contractility 
ortening of QS»-I was slightly enhanced, 
T-L and the echocardiographic measures 
ificantly changed. Thus, since the negative 
dine on contractility was of the same 
positive effect of the induced increase 
he effects cancel out and net contrac- 
entially unchanged. Quinidine there- 
t to the right of the serum concentra- 
> for digoxin with regard to contractility 
shift may, however, not occur for adverse 
n. The net effect of the combination 
efore could be a decrease in the thera- 
of digoxin. . 
g the ‘negative inotropic effects of quini- 
nidine-induced increase in digoxin 

















ignificant improvement in con- 


anges in sey time intervals - lent assistance. 

























VELOCITY OF CIRCUMFERENTIAL 
FIBER SHORTENING 
o 


EJECTION FRACTION 


FIGURE 4. Echocardiographic measurements in 10 testy volunt 
during test periods; as in Figure 2. Top panel, velocity of circumfere 
fiber shortening (circ/s). Bottom panel, ejection: fraction. Values ar 
means + SD. 


compared with the control period. When these valu 
are compared with those attained during the period wi 
the same steady-state digoxin level but in the abse 
of quinidine, no significant differences appear. The 
fore, the contractile responsiveness of the heart t 
given steady-state serum concentration of digoxin | 
probably not affected by quinidine. This would exch 
a major and clinically significant interference of qu 
idine with the binding and action of digoxin at activ 
sites in the heart, supporting recent in vitro studies.24 
These results may seem to contradict the reported 
crease in the ratio of the digoxin concentration in ske 
etal muscle to that in serum. However, the decreas 
the ratio was very moderate (about 20%). Furtherm: 
it is not known whether the decrease in total digo 
binding to skeletal muscle is accompanied by 
creased binding to active sites in the heart. 

Concerning the inotropic effects of digoxin 
quinidine, results similar to ours were recently 
sented by Belz et al?* in a preliminary report, wher 
partly contradictory conclusions were reached in 2 oth 
experimental studies in man.'!!2: However, the con 
clusions from the present study and that by Belz et al 
are strengthened by their experimental design me; 
suring effects at steady state and distribution equi 
rium and by their use of more rigorous crossover conin 
periods, 


Acknowledgničnt We thank Annika Thorsson fore ex ce 
































References _ 


iLE simeon, g See ana quinidine on plasma concentrations of digoxin. Br 
d 1:279- 
2. Leahey EB Jr, Reitfel JA, Drusin RE, Helssenbuttel RH, Lov vejoy WP, Bigger 
g dr. Interaction between quinidine and digoxin. JAMA 1978;240:533— 
; 34; 
3: Doering W, König E. Ansteig der Di oxinkonzentration im Serum unter 
‘Chinidinmedikation. Med Klin 1978;72: 1085-1088. 
|: Hooymans PM, Merkus HM. Effect of jonidin on plasma concentration 
; 4 digoxin (letter). Br Med J 1978;2:1022 
f WD, Fenster P, Mayersohn.M, Perrier D, Graves P, Marcus El, 
SDi reo 98-144 interaction. Pharmacokinetic evaluation. N 
po ji J Med be ;300:1238-~1241 
Dahlqvist R, G, Schenck-Gustafsson K. Effect of quinidine on 
plasma piikana and renal clearance of digoxin: a clinically important 
ug interaction. Br J Clin hal ap 1980;9:413-418, 
-Gustafsson K, Dahiqvist R. Pharmacokinetics of digoxin in patients 
eee af the quinidine-digoxin gient Br J Clin Pharmacol 1981; 
Doering W. Quinidine-digoxin interaction. Pharmacokinetics: underlying 
mechanism and clinical implications. N Engl J Med 1979;303:400-404 
9. Leahey EB Jr, Relffel JA, Giardina EG, Bigger JT Jr. The effect of quinidine 
‘and:-other oral antiarrhythmic drugs on serum. digoxin, Ann. intern Med 
1980:92:605:-608. 
Cody RJ, Jr, Walker AM, Greenblatt DJ, Hershel J. Increased digoxin 
; toxichy during quinidine administration (abstr). Circulation 1980; 63:Suppl 


Steiness E, Waldorff S, Hansen PB, Kjaergard H, Buch J, Egeblad H. 
Reduction of digoxin-induced inotropism during quinidine administration. 
Clin Pharmacol Ther .1980;27:791~795. 

. Hirsh PD, Weiner HJ, North RL. Further insights into digoxin-quinidine in- 
teraction. Lack of correlation between serum digoxin concentration and 
~ Inotropic state of the heart. Am J Cardiol 1980;46:863-867. 
Mungall DR, Robichaux RP, Perry W, Scott JW, Robinson A, Burelle T, 
Hurst D. Effects pf quinidine on serum digoxin concentration, Ann intern 
Med 1980;93:689--693. 

| J. Muscle electrolytes in man: determined by neutron activation 
analysis oñ needle biopsy specimens: a study on normal: subjects, kidney 





z 


i patients. and patients: with. chronic. dlarrhes “Scand J Clin. ‘Lab 
4962: 1A4(Suppl 68) 1110. 


26. 





. Cramér G, Isaksson B. Quantitative Sea nation of quinidine in plasma. 


. Schenck-Gustatsson K, Jogestrand T, Nordlander, R, Dahlqvist R. Effeci 


. Beiz CG, Doering W, Aust PE, Heinz M, Bes G. Quinidine-digoxin-inter- - : 





dogestrand T. Digoxin concentration ins right atrial myocardium skeletal: 
muscle and serum in man: influence of atrial rhythm: Eur J Clin Pharma he 
1980; 17:243-250, 

Jogestrand T, Sundqvist K: Skeletal muscle digoxin concentration 
relation to.serum digoxin concentration and cardiac effect in healthy mai 
Eur J Clit Pharmacol 1981;19:89-95. 









Scand J Clin Lab Invest 1963; 15:353-356 
Bazett HC. An analysis of the time relations of electrocardiograms. Heart 
1920;7:353--370, : 
Welssler AM, Harris ‘SW, Schoenfeld CD. enenle time intervals in heart 
failure in man, Circulation 1968:37:149-150. 

Welssier AM, Lewis AP, Lightin RF, Bush ChA. Comparative responses 
to the digitalis glycosides in man, In: Marks BH, Weissler AM, eds. Basi 
and Clinical Pharmacology of Digitalis. Springtield, iL: Charles C Thomas 
1972:260-280. eee 
Lewis RR, Aittges SE, Forester WF, Boudolas H. A critical review. 
systolic time rivala. Circulation. 1977;56; 146-158, 
Fotyanbauin. H: Echocardiography. 3rd ’ed. Philadelphia: Lea & Fe 








of quinidine:on digoxin concentration in skeletal muscle and serum: in pa: 
tients with atrial fibrillation. N Engl J Med 198 1:305:209-211. 

Kim D-H, Akera T, Brody T. Effects: of quinidine on the cardiac-glycoside 
ne of guinea-pig and rat heart. J Pharmacol Exp Ther 1987;217: 


. Kim D-H, Akera T, Brody T. Interactions between quinidine and cardiac 


glycosides involving mutual binding sites in the guinea-pig. J Pharmacol a 
Exp Ther: 1981;218: 108-114. a 
Bali JV, Tse-Eng D, Wallick ET, Bilezikian JP, Scwartz A, Butler VP. Effect : 

of qu inidine an the digoxin receptor in vitro. J Clin invest 1981;68: 1065- g 


1074. : 
. Wiliams dF, Mathew B. Effects of guiniains, on positive inotropic action ; 


of digoxin: Am J Cardiol 1981:47:1052-10 









action: 4 crossover double blind study on cardiac efficacy of Increasing | 
serum digoxin concentrations (abstr). Circulation 1981;64: Suppi 1v-138 








Essentials 
of Clinical 
Cardiology 


JOHN F. STAPLETON, MLD. 





5. Ready April 1983. 





38.00. August 1980. 





inuary 1983. 


About $65.00 Ready Nori 1983. 


pote McGoon: Cardiac Surgery. $40.00. January 1982. 





Renal Failure. $30.00. April od 


{nnouncing—A Major New Review Tex 


5 i sii as aa aa on Some mn mts a aae m a nk) mam LY RY NY NS SKM a, Se! MO RR aA 


aid like to receive the indicated books on 30-day approval. 
Stapleton: Essentials of Clinical Cardiology. 


Eflestad: Stress Testing: Principles and Practice, 
‘all: Clinical Vascular Disease. About $45.00. 
Rahimtoola: Controversies in Coronary Artery 
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ESSENTIALS OF CLINICAL 
CARDIOLOGY 


This new brief textbook in the F. A. Davis Essentials of Medical Education Series 
is a concise clinical review of cardiology and cardiovascular pathophysiology. 
Believing that more puzzles are solved by taking a second history than by doin 

all the tests — emphasis is on history, physical signs and symptoms. 


It's ideal for use by 3rd and 4th year medical students during their clinical rota 
tions. Family practice and internal medicine residents will also find Stapa 
Essentials of Clinical Cardiology to be a useful review book. 


Excellent illustrations depict diagnostic methods and findings. Review question 
complete with answers, and a selected bibliography are provided for eac 
chapter — adding immeasurably to this book’s value. 


By John F. Stapleton, MD, Associate Dean and Professor of Medicine, George- 
town University School of Medicine, Medical Director, Georgetown University 
Hospital, Washington, D.C. About 490 pp., 140 ill. Soft cover. About $19.95. Rea 
April 1983. 


Contents: Cardiac Function ¢ The Initial Examination @ Electrocardiography 
Graphic Methods of Study @ Echocardiography @ Radiology ® Cardiovascul: 
Nuclear Medicine @ Cardiac Catheterization ¢ Congestive Heart Failure 
(Acyanotic) Congenital Heart Disease ¢ Cyanotic Congenital Heart Disease # Ca 
diomyopathy @ Cor Pulmonale @ Systemic Arterial Hypertension ¢ Infective End 
carditis è Ischemic Heart Disease @ Aortic Regurgitation Mitral Valve Diseas 
Tricuspid Valve Disease ¢ Rheumatic Fever @ Neoplastic Heart Disease ® 
eases of the Pericardium © Cardiac Pharmacology ® Pulmonary Embolism @ 
Disorders of Conduction and Rhythm ® Other Aspects of Heart Disease. 


The Editor-in-Chief of the Essentials of Medical Education Series is David 
Lowenthal, MD, FACP, FACC, Professor of Medicine and Pharmacology Director, 
Clinical Pharmacology and Cardiac Fitness Center, Likoff Cardiovascular Institut 

Hahnemann University, Philadelphia, Pa. 
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CAWS 


The new super-portable SKI 5010 has the 
same advanced sector image as the SKI 5000- 
and less. 

Less size. 

Less weight. 

Less cost. 

Of course, it has a few less features than 
the SKI 5000. But it still has the same superior 
M-mode, manual TGC with nine separate slide 
controls, and a video tape recorder that 
produces compatible tapes with other recorders 








like the one in the SKI 5000. 
In addition, the SKI 5010 will accom- 


modate all new generation MicroproBes™ for 








M-mode or sector 
imaging. For more 
information about 
the new SKI 5010 
or the SKI 5000, 
send coupon today. 
Or call toll-free 
4(800) 538-1556. 
In California, 
(408) 732-6010. EkoLine, Inc., 880 West Maude 
Avenue, Sunnyvale,CA 94086. 


New generation sector MICROPROBE.™ 





EKOLINE 


A XYONICS COMPANY 
You can depend on us. 








EkoLine, Inc., 880 West Maude Avenue, Sunnyvale, CA 94086. 
___ Please send descriptive literature about the new SKI 5010 and SKI 5000. 


Have a representative call me. 
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Í A THERAPEUTIC STEP AHEAD Favorably regulates the balance of 


—_ ANTENT To lipid fractions in certain dyslipidemias: 

1/LOWERS elevated serum levels of 
B triglyceride-rich VLDL and, to a lesser extent, 
i cholesterol-rich LDL (very-low- and low-densi 


f ° e lipoproteins implicated in dyslipidemia) 
§ ( eml broz 1 l) 2/May also RAISE serum levels of HDL 
(high-density lipoproteins believed to transport 
i cholesterol to the liver for catabolism 


MORE LOPID is i Fu A ek t of adult | 

is indicated for treatment of adu 
A LIPID -LOWERIN G patients with very high serum triglyceride levels 

k AES (type IV hyperlipidemia) who present 

fs AGENT a risk of dneneadibane who do nae respond 

E ; A | WO-WAY adequately to diet. 

; LIPID REGULATOR 
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Lipid-regulating efficacy demonstrated 
in 1,437 patients with dyslipidemia’ 
Results of open-label phase of US multicenter 
study (119 patients) at end of 12 lunar months* 


Average % change from baseline at doses ranging from 
800-1600 mg/day (majority at 1200 mg/day)* 



















HDL-C 
to Total-C 





BB type N=34 BD typem N=27 C type iv N=58 
“Visit every 4 weeks during long-term use of LOPID. 
+Data cited on this graph reflect clinical experience based on the multicenter trial. 

They do not imply an indication for Types Ia and IIb dyslipidemias. 








Well tolerated, well accepted 
in clinical trials' 





(gemfibrozil) 


 — 1983 Warner-Lambert Company 


Profile of side effects similar to 
that of placebo. 


No significant abnormalities seen in 
clinical and laboratory evaluations. 


Less than 1% patient dropout in 
largest US study. 
Convenient BID dosage 


Diet, exercise, and weight loss are the first choice 
in therapy of lipid disorders. 


Reference: 
1. Data on file, Medical Affairs Dept, Parke-Davis. 






Artist's 
interpretation 
of HDL 

in bloodstream 






OP ID)... 





PARKE-DAVIS 


Please see following pages for brief summary 
of prescribing information. 


































LOPID? (gemfibrozil) Capsules 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


CLINICAL PHARMACOLOGY. LOPID is a lipid requiating agent which lowers elevated 
Serum lipids primarily by decreasing serum triglyceride with a variable reduction in total 
“serum cholesterol. These decreases occur primarily in the very low density lipoprotein 
(VLDL) fraction and less frequently in the low density lipoprotein (LDL) fraction. In addition, 
LOPID may. increase the high density lipoprotein (HDL) cholesterol fraction, an action con- 
sidered Of possible benefit to inhibition of the atherosclerotic process. 

‘The mechanism of action has not been definitively established. In man, LOPID has been 
owni to. inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty 

js, thus reducing hepatic triglyceride production. LOPID also inhibits synthesis of VLOL 
carrier apoprotein, leading to a decrease in VLDL. production. 

‘Animal, studies suggest that LOPID may. in addition to elevating HDL cholesterol, reduce 
Corporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of Cholesterol from the liver, and increase excretion of cholesterol in the feces. 
LOPID is well absorbed fram the gastrointestinal tract after oral administration. Peak, 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following single 
doses.and 1.3 hours following multiple doses. Plasma levels appear proportional to dose 
anid do not demonstrate accumulation across time toll owing multiple doses. 

LOPID mainly undergoes oxidation of a ring methy! group to successively form a hydroxy- 
methyl and a carboxy! metabolite. Approximately seventy percent of the administered 

man dose is excreted in the urine. primarily as unchanged gemfibrozil. Six percent of the 
losg Is. accounted for in the feces. 

ina large. controlled multicenter trial of 427 patients. lipid and lipoprotein changes from 
average baseline (%) by hyperlipoproteinemic (HLP) type are summarized below for those 
patients receiving gemfibrozil, 1200 mg/day, at the end of 12 weeks. 


‘TRIGLYCERIDE CHOLESTEROL, 















RATIO 
HDL Cholesterol 
Total Cholesterol 








+24.6% 
+19.5% 
+174% 









+34% 
+23% 































INDICATIONS AND USAGE. Drug therapy should not be used for the routine treatment of 
wated blood lipids tor the prevention of coronary heart disease. Dietary therapy specific 
the: type of hyperlipidemia is the initial treatment of choice. Excess body weight and 
excess alcoholic intake may be important factors in hypertrigiycendemia and should be 
addressed prior to any drug therapy Physical exercise can be an important ancillary mea- 
re. Contributory diseases such as hypothyroidism or diabetes mellitus should be looked 
f and adequately treated. The use of drugs shouid be considered only when reasonable 
altempts have been made tc obtain satislactory results with nondrug methods. If the deci- 
nis to use drugs. the patient should be instructed that this does not reduce the impor- 
lance of adhering to diet 

Because of chemical, pharmacological, and clinical similarities between gemfibrozil and 
Migrate, and the adverse findings with clofibrate in two large clinical studies (see Warn- 
Ss), use Of gemfibrozil should be restricted to the following indications 

LOPID may be considered for the treatment of aduit patients with very high serum triglyc- 
ride levels (type IV hyperlipidemia) who present a risk of abdominal pain and pancreatitis 
nid who donot respond adequately to a determined dietary effort to control them. Patients 
triglyceride levels in excess of 750 mg per deciliter are likely to present such risk 
LOPID (gemfibrozil) has little effect on elevated cholesterol levels in most subjects, A 
iNdrity:of subjects show a more pronounced response. However. it must bë understood 
nat there is no evidence that use of any lipid-altering drug will be beneficial in preventing 
eath from coronary heart disease (See WARNINGS). Therefore, the physician should be 
ry Selective and confine gemfibrozil treatment to patients with clearly defined risk due to 
evere hypercholesteroleria (eg. individuals with familial hypercholesterolemia starting in 
iidhood) who inadequately respond to appropriate diet and more effective cholesterol- 
jowering drugs. 

-LOPID is not useful for the hypertriglycendemia of Type I hyperlipidemia. 

The bidchamical response to gemfibrozil is variable. and it is not always possible to pre- 
ict from the lipoprotein type or other factors which patients will obtain favorable results. itis 
egseritial that lipid levels be assessed and that the drug be discontinued atter three months 
any patient in whom lipids do not show significant improvement 
The etfect'of drug-induced reduction of serum cholesterol or triglyceride levels or eleva- 
Of HDL cholesterol! levels on morbidity or mortality due to coronary heart disease has not 
stablished. Several years may be required before ongoing long-term investigations 
‘asolve this question. 

TRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary biliary 








vel gallbladder disease. (See Warnings). 





S; 1, Because of chemical, pharmacological, and clinical similarities between 

rozi; and ciofibrate. the adverse findings with clofibrate in two large clinical studies 
apply: togenifibrozil. in the first of those studies. the Coronary Drug Project, 1000 

ots with paons myocardial infarction were lealeg for five years with clofibrate. There 


ars and tollowed one year bevond. There was a statistically significant 9 $ higher 
à mortality: inthe clofiprate-treated than in a comparable placebo-treated contra! group 
XCOSS mortality was due to noncardiovascular Causes, including malignancy postcho- 
stectomy Complications, and pancreatitis. The higher risk of c jofibrate-treated subjects 
j der disease was cantirmed. 

À Toxicity ‘ahd Animal Tumorigenicity Studies: Long-term studies have been 

tg arid mice at one.and ten times the human dose. The.incidence of benign | 
ules: anai iver carcinomas was sigrificanty increased i in aman dose mal le fats. The 














Mortis Plains 


“A LIPID REGULAT OR 


Electron microscopy studies have demonstrated a florid hepatic peroxisome pro! iteration | 
following LOPID administration to the male rat. Similar changes have not been found in the 
human liver i 

Male rats hada dose-related increase of benign Leydig cell tumors, Subcapsular bilateral’. 
Cataracts occurred in 10%, and. unilateral in 6.3% of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and liver and interstitial cell testicular tumors were increased in male rats. LOPID should be 
administered orly to those patients described in the Indications and Usage Section. Ifa sig: 
nificant serum ipid response is not obtained. LOPID should be discontinued 

4. Cholelithiasis-~ LOPID may increase cholesterol excretion into the bile leading to chole 
lithiasis. f cholelithiasis is suspected gallbladder studies are indicated. LOPID therapy 
should be discontinued if gailstones are found. 

5. Concomitant Anticoagulants- Caution should be exercised when anticoagulants are 
given in conjunction with LOPID. The dosage of the anticoagulant shoutd be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications. Fre- 
quent prothrombin determinations are advisable until it has been definitely determined that 
the prothrombin ievel has stabilized. 
PRECAUTIONS. 1. Initial Therapy — Before instituting LOPID (gemtibrozil) therapy! ey : 
attempt should be made to control serum lipids with appropriate diet, exercise, weight loss. 
in obese patients. and other medical problems such as diabetes mellitus and 

hypothyroidism 

2, Continued Therapy- Pretreatment laboratory studies should be perforrned to ensure... 
thal patients have abnormal levels of serum lipids. Periodic determinations of serum lipids. 
should be obtained during LOPID administration. The drug should be withdrawn after three 
months d the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels- LOPID is not expected to alter seasdnal-varia- 
tons of higher serum lipid values in mid-winter and late summer or the lower values intall 
and spring 

4. impairment of Fertility Administration of approximately three and ten times the 
human dose to male rats for 10 weeks resulted in a dose-related decrease of tertility Subse- 
quent studies demonstrated that this effect was reversed alter a drug-free period of about” 

aight weeks, and it was nol transmitted to their offspring. : 

5. Pregnancy Category B-- Reproduction studies have been performed it the ratat 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times Ine human dase) 
These studies have revealed no evidence of impaired fertility in females or harmito the fetus: 
due to LOPID. Minor icon was manifested by reduced birth rates observed at the high: 
dose levels, No significant malfarmations were found among almost 400 atfgpring from #6 $ 

fitters of rats and 100 fetuses from 22 litters of rabbits ih 

There are no studies in pregnant women. in view of the fact that LOPID is turiorigenic | 
male rats, the use-of LOPID in pregnancy should be reserved for those patients where t g 
benefit clearly outweighs the possible risk to the patient or fetus 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemnfib zi ip 
male rats. a decision should be made whether lo discontinue nursing or discanitinge the. 
drug. taking into account the importance of the drug to the mother 

7 Hematologic Changes- Mid hemoglobin. hematocrit and white blood Sell decreases 
have been observed in occasional patients following initiation of LOPID therapy However. 
these levels stabilize during jong-term administration. Therefore, periodic. blood counts 
recommended during the first 12 months of LOPID administration, : 

8. Liver Function- Abnormal liver function tests have been observed occasion Vy du 
ing LOPID adminigtration. including elevations of SGOT, SGPT, LOH. and alkaline phosph 
tase These are usually reversible when LOPID is discontinued. Therefore. periodic livers = 
function studies are recommended and LOPID therapy should be terminated jt abnormal. ~ 
hes persis’ 

9. Cardiac Arrhythmias — Although no clinically significant abnormalities cecurred. that“ 
could be attributed to LOPID. the possibility exists that such abnormalities may ob¢ur =; 

10. Use in Children- Safety and efficacy in children have not been established: : 
ADVERSE REACTIONS. in controlled clinical trials of 805 patients, including 245 who" i n 
received LOPID for at least one year the most frequently reportes adversé reactions: ASSOC! oe 
ated with LOPID involved the gastrointestinal system, in decreasing order of freque 
inese were abdominal pain (6.0%). epigastric pain (4.9%). diarrhea (4.8%). pausi 
vomiting (1.6%), arid flatulence (1.1%). Other adverse reactions where the pro 
causal relationship to LOPID therapy exists are listed by system, 

integumentary: rash. dermatitis, pruritus, uricana 

Central Nervous System: headache, dizziness, blurred vision 

Musculoskeletal: painful extremities 

Hematopoietic: anemia, meee ia, peal 























































cuit to estadlish, thse the physician should Dai alert to these occurtene 
and bacteral infections (common cold. cough. and urinary tract infecti 
man in gemfibrozil than in placebo-treated patients. 
Other reactions were: 
Gastrointestinal: dry mouth. constipation. anorexia, gas pain, ys 
Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia; 
Central Nervous System: vertigo. insomnia, paresthesia, ti us 
Clinical Laboratory: hypokalemia, liver function abnormalities (i 
LDH, CPK, alkaline: phosphatase) 
Miscellaneous: latigue. malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose lor adult 
tered in two divided doses 30 minutes before the morning and.éve: 
will expererice therapeutic effects on 900 mg/day: a few may requir 
factory results, 
petite INTERACTIONS, CAUTI M SHOULD BE EXERC! SED \ y 






























































MANAGEMENT OF OVERDOSAGE, While there has beer na nae 
age, sympt comatic suena measures shoulgbe taken should PEGUE 
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Ooshiba SSH-40A 
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he Complete Cardiac Lab 





How do you measure commitment? With words? 
Toshiba prefers to have the products make the 
point. Newest proof: the Toshiba SSH-40A Cardiac 
Ultrasound Laboratory, a vivid example of our 
commitment to echocardiographic diagnostics. 
Clinical versatility is the watchword for the 
SSH-40A. It means independent or simultaneous 
display of 2-D echocardiograms, M-Mode and 
Doppler images for faster, more complete diagno- 
sis, Itmeans you can scan with various probes for 
the best image quality in all patient sizes 
and specialized procedures. 
Perform two dimensional, multi- 
gate array Doppler flow studies 
and perform all cardiac function 
computations instantly. 


TOSHIBA 


Image quality? Startling. Low level echoes con- 
tain the most significant diagnostic information. 
The SSH-40A captures and displays them 
with a unique, low-noise digital system: 
dual microprocessors and more memory 
than any ultrasound instrument. Plus 
the powerful Digital Scan Processor 
provides optimum control over image 
quality. 

Such insights, frankly, defy 
words. That’s why we’re eager to 
provide you with a demonstra- 
tion of the SSH-40A’s powerful 
capabilities. Then you can com- 
plete the picture yourself. 






Please see the reverse side for 
further information. 


in Touch with Tomorrow 


GLOBAL IMAGING SPECIALISTS 
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TOSHIBA SSH-40A CARDIAC ULTRASOUND LABORATORY. 


The Toshiba SSH-40A is a complete cardiac ultrasound laboratory that combines clinical versatility, 
superior image quality and powerful digital scan processing to provide a host of features for new 
insights into cardiac diagnoses. 

The SSH-40A is available with a standard 3.5 MHz probe and optional 5 MHz linear scan probe 
and 2.4 MHz sector scan probe to enable accurate examinations of all patients, from neonates to 
adults. All pertinent image and exam data, including results from computations, can be displayed. 
And the unique two dimensional multigate array Doppler capability enables the operator to 
perform flow studies, to display frequency spectrum from the digital FFT analyzer and to compute 
flow rate, velocity and other cardiac function data. Extensive computational algorithms are on-line 
to ensure fast, accurate analyses. 

Superb image quality results from the advanced scanning technology incorporated in the 
SSH-40A. A new receiver design and a new digital scan processor provide optimized image quality 
with clearly defined edge differentiation and excellent tissue differentiations. A faithful display of 
low level echoes provides excellent gray scale resolution. 

The SSH-40A delivers the image processing functions cardiologists require. Echo enhancement, 
post processing and other echo processing 
operations, synchronous freezing of two 
phases of a cardiac cycle, slow motion dis- 
play and measurement of distances and areas 
on frozen images are all well within the range 
of this remarkable system’s capabilities. 





3.5 MHz 5.0 MHz 2.4 MHz 
sector linear sector ; 
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1 Simultaneous 2-D imaging and dual M-Mode or 
- Doppler operation ensures more exact correla- 
tion, faster diagnosis and state-of-the-art 
performance. Big 
Cardiac function (SV, EF, FS, CO and others), are 
circumference, slope and distance can be com: 
puted at the touch of a keyboard, thanks to; 
tion of stored algorithms. fe 
Simultaneous display of two images, strok 
TOSHIBA — m two selected points on the ECG cycle, alle 
—~ J detection of abnormal wall motion. 

z - = Comprehensive exam data display permit 
/ oy Soe ie) a, bes w time, frequency and patient data and in 


PEE EEIE EET- Fiai annotation to be included for more comp 
A Soars iBT el i D patient records. Ve 















For further information on the SSH-40A electronic sector scanner, or other Toshiba Medical 
Systems’ products, please call toll free 800-421-1968, in California call (714) 730-5000 or write 
Toshiba Medical Systems, 2441 Michelle Drive, Tustin, CA 92680. 


in Touch with Tomorrow 
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‘Immediate Hemodynamic Effects of a New Calcium-Channe 
sking Agent (Nitrendipine) in Essential Hypertension 








O. VENTURA, MD, FRANZ H. MESSERLI, MD, WILLIE OIGMAN, MD, 
RANCIS G. DUNN, MD, EFRAIN REISIN, MD, and EDWARD D. FROHLICH, MD 





a immediate hemodynamic effects of a new cal- ventricular ejection rate. The plasma noragai r 
im-channel blocking agent nitrendipine were level was significantly (p <0.05) increased in th 
udied in 12 patients with mild established essential responders. The response to upright tilt was qual 
ertension. According to the response to mean tatively similar to pretreatment values. Thus, 
erial pressure, patients were classified into re- trendipine lowered arterial pressure as a resu 
lers (decrease >10 mm Hg, 7 patients) and arteriolar dilatation associated with a reflexive 
responders (<10 mm Hg, 5 patients). The de- crease in heart rate and cardiac index. These | 
in arterial pressure in responders was as- modynamic properties make the drug particular! 
ociated with a significant (p <0.01) decrease in apt for use in combination with beta-adrenergic 
tal peripheral resistance and a significant (p blockade for the treatment of arterial hype 

) increase in heart rate, cardiac index, and left sion. : 


































ace eof calcium-channel blocking agents in the Methods 
al management of coronary heart disease has been Twelve patients (10 men and 2 women) with mild esta 
stablished. over the last few years.'-® These agents lished essential hypertension were included in the presi 
biting calcium ion entrance into the vascular study. Each subject provided informed consent to a protoc 
| muscle cell,” thereby promoting vasodilation? previously approved by our institution's review committee. 
ntial hypertension. is hemodynamically All subjects were evaluated to exclude secondary fort 
byan increased vascular resistance, it is hypertension!” and other concomitant disorders. Patier 
g that calcium-channel blocking agents were enrolled if, after discontinuation of all medications 
en used with success in the treatment of at least 3 weeks, the diastolic pressure (Phase V of Koro 
ypertension. 10-12 For example, nifedipine has sounds) in the supine and standing positions was 90 to 114 r 










































Hg. 
: to be an effective Hie of aran Ra ne As previously described in detail," systemic hemodynarit 
S and in less severe forms o were determined before and then 60 and 120 minutes after o: 


administration of nitrendipine (20 mg). Intraarterial and 
venous pressures were monitored continuously and sur 
cardiac output was determined in triplicate using indocyani 
e Accordingly, the AT green dye (5 mg) in the postabsorptive state.!7 
e compounds is not uniform.!® The Plasma volume was determined with radioactive iodine- 
s designed to evaluate the immediate human serum albumin.!’ Blood samples were withdra’ 
calcium-channel blocking agent, ni- aera of plasma oe ae and Reyer: 
REN : Hae t epinephrine, norepinephrine, and dopamine) conce: 
pou nd that is structurally similar to tions!® 1 hour after i p an of the intravascular cath 
; and 60 and 120 minutes after the administration of the age: 
In addition, M-mode echocardiography” was performed 
fore and 60 and 120 minutes after nitrendipine administrati 
Response to upright tilt (45°) for 5 minutes was also stud: 
in eight patients. Cuff blood pressures were recorded : 
patients for.an additional 3 hours after completion of the he. 
modynamic study. Statistical evaluation was done by anal: 
z H. Messerli; MD, Ochsner Clinic, 1514 of variance with repetitive measurements and a subsequi 
an: , Louisiana 701 21. Tukey’s honestly significant difference te testi 


























i partment of internal Medicine, Division of Hypertensive 
‘Clinic, and the Research Division, Alton Ochsner 
Orleans, Louisiana, Manuscript received 
ed manuscript received December 3, 1982, 
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` 784 EFFECTS OF NITRENDIPINE IN ESSE 

E 
TABLE | Clinical Characteristics of the Patients 

Responders Nonresponders 
-Number 

| Age (yr) 4547 43 + 18 

k Sex (male:female) 6:1 Pa 
Race (white:black) 5:2 2 
Height (cm) 172+8 178+8 
Weight (kg) 8441 142 
BSA (m?) 1.96 + 0.1 2.08 + 0.3 

= SAP 158 +7 14745 

| DAP 1013 93+ 1 
MAP 120+ 4 111+1 


Serr: 


pax 
__ FIGURE 1. Immediate hemodynamic effect of oral administration of nitrend 


BSA = body surface area; DAP = diastolic arterial pressure; MAP 
= mean arterial pressure; SAP = systolic arterial pressure. 


Results 


According to the response of mean arterial pressure 
2 hours after the drug administration, patients were 


_ classified into responders (decrease >10 mm Hg in 
mean arterial pressure, average —14 + 2,7 patients) or 
_ nonresponders (<10 mm Hg decrease in mean arterial 


pressure, average +4 + 3, 5 patients). Clinical charac- 
teristics of the 2 groups are detailed in Table I. Except 
for a somewhat lower arterial pressure in the nonre- 
sponding patients, no significant pretreatment differ- 
ences between the 2 groups were found. The mean ar- 


_ terial pressure decrease in the responding patients was 
_ accompanied by an increase in heart rate, cardiac out- 


put, and a decrease in total peripheral resistance (Fig. 
1). Arterial distensibility as measured by pulse pressure 
divided by stroke volume”? also changed after nitren- 
dipine administration. The velocity of circumferential 
fiber shortening and the ejection fraction remained 
unchanged during the 2-hour study, although the left 
ventricular ejection rate increased (‘Table II). 

The responses of circulating humoral substances to 


_ nitrendipine (Table III) primarily reflected a significant 


(p <0.05 after 2 hours) increase in plasma norepineph- 


_ rine level; there was no change in plasma epinephrine, 


dopamine, or renin activity. Arterial pressure remained 


305 


@—e Responders 
@---© Non-Responders 








-30 tar ea 
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| and (right) cardiac output (CO) and total peripheral resistance (TPR). 
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at a low level in responding patients throughout the 
3-hour period of observation after completion of the 
hemodynamic assessment. 

The response to upright tilt (Table IV) was qualita- 
tively unchanged (except for mean arterial pressure) 
with nitrendipine when compared with pretreatment 
values. Comparison between responding and nonre- 
sponding patients was not appropriate in view of the 
small number involved. 


Discussion 


The present data show that the immediate antihy- 
pertensive effect of an oral dose of 20 mg of nitrendipine 
was associated with a significant decrease in total pe- 
ripheral resistance and an increase in cardiac output, 
heart rate, and left ventricular ejection rate in the re- 
sponding group. These findings are in agreement with 
reports of other calcium-channel inhibiting 
agents,!4?3:24 indicating that the decrease in arterial 
pressure is due to a decreased vascular resistance pro- 
duced by predominantly arteriolar dilatation. Since 
postural hypotension was not produced during upright 
tilt, significant peripheral venodilation seemed un- 
likely. 

The increase in heart rate and cardiac output asso- 
ciated with the decrease in arterial pressure that oc- 
curred in our study has also been observed with ni- 
fedipine administration.!+25.24 Although both nifedipine 
and nitrendipine increase cardiac output, the increase 
is produced by an elevation of heart rate only with the 
latter, whereas both heart rate and stroke volume be- 
come elevated with nifedipine. Since calcium-channel 
blockers exert negative direct chronotropic and ino- 
tropic? effects under in vitro conditions, it is fair to 
conclude that the cardioacceleration (and the increase 
in cardiac output) occurred secondary to augumented 
sympathetic or decreased baroreceptor mediated vagal 
activity. Indeed, the observed increase in norepineph- 
rine of >50% above pretreatment levels lends support 
to this concept. 
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of cardiac output, heart rate, and total 
stance to upright tilt was qualitatively 
ndipine when compared with the 
‘However, although mean arterial 

ight decrease under nitrendipine 
tension was observed, indicating 

arn to the heart remained unchanged 
ministration. Thus, the compound 
minantly affect the arteriolar vascular 
ari et al,!! measuring pressures in the 
eart during nifedipine administration, 
ment any significant drug effects. 

asu s the drug concentration in 

‘the lack of effect in the non- 
speculative. Conceivably, 


ug, or | the receptor 


concentration of the compound might not have 
high enough to produce vasodilatation. : 
In conclusion, the antihypertensive effect of nitr 
dipine is related to an arteriolar dilation associ 
a reflexive increase in heart rate and cardi 
Accordingly, its combination with beta-blockin 
would be beneficial in the treatment of arteri 
tension. ay 
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Isometric Stress 





metric exercise causes transient systemic hy- 
ertension, but with individual differences. An at- 
mpt was made to delineate predictors of those 
lifferences by analyzing the blood pressure (BP) 
onse in terms of variables readily measured in 
sal practice. For each of 270 office patients, we 
ined blood pressure, heart rate (HR), elec- 
ardiographic findings, and symptoms in response 
aximal isometric and maximal dynamic exer- 
‘or systolic BP response as the predicted 








Alam and Smirk! 4 decades ago described the 
ise in systemic blood pressure (BP) during exercise 
us e groups with compromised circulation, there 
nereasing interest. in the cardiovascular re- 
y isometric stress. While Alam and Smirk! re- 
culation in contracting muscles by overwork 
occlusion, others? have demonstrated that 
e itself restricts blood flow in the con- 
and causes transient systemic arterial 
Owever, Alam and Smirk! also described 
on in BP response to isometric stress, 
ceived much less interest. Yet some in- 
op extreme transient hypertension with 
rcise, such as that frequently performed 
al and recreational activities. In observing 
aximal handgrip contraction, we found 
idual differences. We therefore attempted 
hether the responses were related to, and 
r a combination of readily measured 
een stated that an increase in BP with 
e is a predictable function of the in- 
ss.2° Other factors, usually tested 
een reported to influence this re- 
g age,*®8 sex,? systemic hyperten- 
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measure, 4 predictor variables in eémbinalion 
cluding age, sex, resting systolic BP, and max 
treadmill systolic BP, yielded 70% predictabi 
diastolic BP, 5 predictors in combination, ir 
handgrip strength, resting diastolic BP, treadmill 
systolic BP, and diastolic BP, allowed 66 
diction. Not predictive of either were resti 
abnormality of treadmill test, presence of h 
disease, and certain other medical diagnoses. 
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sion,!°-!2 body fat content, and heart disease! 
therefore determined the association of BP resp 
isometric stress with several noninvasive clinical fa 
in combination and singly. 


Methods 


Each of 270 office patients was subjected once tol min 
of maximal isometric handgrip stress. They included 194 
(72%) and 76 women (28%) aged 20 to 79 years (mea 
standard deviation 10:07). A Kolmogorov-Smirnov test! 
used. to ensure the normalcy of the age distribution | 
demonstrated that this distribution did not depart signi 
cantly from the normal curve (D = 0.042, p <0.15). Of the 2 
patients, 33% had arteriosclerotic coronary heart disease, 17% 
had had myocardial infarcts, 22% had controlled hypertension, 
and 19% were receiving digitalis and antihypertensive 
antiarrhythmic agents (including beta-adrenergic blocki 
agents). However, none had severe hypertension, serious 
rhythmia, myocardial infarction within 2 months, crescen 
angina, or active cerebrovascular disease. Other precautii 
included informed consent, continuous electrocardiograph' 
monitoring, and presence of a crash cart and personn | tr iit 
in basic life support. E 

After baseline measurements of heart rate (HR) and BP i 
electrocardiography, each patient, standing with a hand d: 
namometer (Smedley, Stoelting, Chicago) adjusted to | 
right hand, squeezed for 2 or 3 seconds, 3 different times. 
obtain a maximal reading. The patient. was then instruc! 
to sustain maximal exertion for 60 seconds, at the same 
relaxing all other muscle groups and breathing normally. A 
30 and 50 seconds he was again urged to do his best and wa 
told the remaining time. Blood. pressure usually incre 
threat the minute of sustained contraction. Although fat 
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TABLE | Blood Pressure Response to Isometric Handgrip Exercise (n = 270) 


Maximal Absolute % of 
Resting (mm Hg) on HG (mm Hg) Increase (mm Hg) Resting 
BP Range Mean Range Mean Range Mean Range Mean 
Systolic 68-200 123 90-260 0-90 100-180 136 
(SD 19.36) (SD 26.26) (SD 16.76) (SD 14.56) 
Diastolic 40-110 70-150 —10- +58 2 88-200 135 
(SD 12.00) (SD 15.31) (SD 10.43) (SD 15.46) 





BP = blood pressure; HG = handgrip; SD = standard deviation. 


caused a decrease in actual handgrip pressure over the minute, 
we were concerned only that the effort was maximal for each 
subject. During this minute, BP was repeatedly measured and 
the highest reading toward the end of the static effort was 
recorded. The patient and the oscilloscope were watched for 
evidence of complications, and in the last 5 seconds an assis- 
tant obtained a 4-lead electrocardiographic write-out. The 
method was reproducible. Intrasubject reliability was dem- 
onstrated by retesting 74 of the subjects approximately 1 year 
later. The correlations for systolic BP and diastolic BP were 
0.673 and 0.664, respectively (both p values <0.001). The 
dynamic exercise was a graded, interrupted, multistage, 
maximal treadmill test, with HR, BP, and 4-lead electrocar- 
-diogram recorded each minute of exercise and rest. 

Analysis of the data was made by 2 stepwise multiple re- 
gression analyses. One regression used systolic BP response 
to isometric stress as the predicted variable and the other 
analysis involved diastolic BP reaction. For both analyses the 
following variables were included as potential predictors: 
resting HR, resting systolic BP, resting diastolic BP, maximal 
_HR and systolic BP and diastolic BP on the treadmill test, 


handgrip strength, age, sex, presence or absence of heart dis- 














ease, whether or not the treadmill test was abnormal, presence 
or absence of hypertension, normal/abnormal resting elec- 
trocardiographic results, and cardiovascular medication. 
Other medical diagnoses were also considered, including di- 
abetes mellitus (n = 15), chronic obstructive pulmonary dis- 
ease (n = 10), hyperuremia (n = 11), hyperlipidemia (n = 18), 
and peptic ulcer (n = 35). Effects coding!® was used for all of 
these diagnostic categories so that they could be tested as a 
group and then, if significant, inspected individually. This 
procedure is frequently useful to control for excessively liberal 
interpretation of the statistical tests. 


Results 


The BP response to isometric stress varied greatly 
among individual patients, as seen in Table I. For in- 
stance, diastolic BP reaction ranged from a decrease in 
1 patient to a 2-fold increase in another. It is noteworthy 
that individual variability of the systolic BP response 
to isometric exertion (standard deviation 26.21) was 
significantly greater than the sample’s variability of 
resting systolic BP (standard deviation 19.33; t(268) = 


ry 7.94; p <0.001). This difference was also true for dia- 
Ree stolic BP (standard deviation 15.28 and 11.97 for reac- 
Fe tions to isometric stress and resting values, respectively; 
_ TABLE Il Measures of Importance for Significant t(268) = 5.94; p <0.001). 
Be Variables in Predicting Systolic BP and Diastolic In order to predict both systolic BP and diastolic BP 
E BP Response to Isometric Stress (n = 270) during isometric stress, 2 stepwise multiple regressions 
i Beta Change Simple B were performed. As predictor variables (for example, 
EE Variable Weight in? r Coefficient resting diastolic BP and age) were stepped into the re- 
K: 3 gression, the improvement in R? (an index of predict- 
f- Soo a nesponse ; ability)'® was tested for significance. This procedure 
E ae Byer pei Tonel Doe continued only as long as adding a new variable in, 
| (1 male; 2 female) i ; i $ creased prediction significantly. The presence or ab- 
_ Resting systolic BP 0.456! 0.594" 0.771! AH sence of other medical diagnoses was treated as a siñgle 
j: ra ayetle rE CA 0.796 oe group of variables during this phase of the analysis. This 
Constant 21.99 resulted in the best set of variables which could be used 
Diastolic BP Response to determine the maximal blood pressure response to 
a Gael Ub Daa eae ar the isometric stress. ; 

Pall (kg) ; A i The multiple R with systolic response as the depen- 
-Resting diastolic BP 0.385t 0.539t = 0.734t 0.49 dent measure proved highly significant (R = 0.837; 
Mi Maximal eg rate —0.082* 0.006" 0.113* —0.05 F(4,265) = 155.04; p <0.001; SDe = 14.45) with 4 inde- 
pa kiai cystolic BP 0.176 0.064t  0.644t 0.37 pendent variables which included age, sex, systolic BP 
< on treadmill at rest, and systolic BP on maximal treadmill exercise. 
F eee 0.2871 ,:0,0241". > 0.716, 2.0.09 Indeed, the analysis was able to account for 70% of the 
PConstant EF 15.43 individual variation in systolic BP response. The 4 
eg p <0.05. variables are listed in Table II along with alternate 
tp <0.01. measures of the variables’ relative importance in pre- 


BP = blood pressure. 


diction. 


ce Neither HR nor diastolic BP P during rest or during 
~ treadmill exercise was predictive of systolic BP reaction. 
No ot ther variable was significant. For example, neither 
th, the presence or absence of heart disease, ab- 
: lity of treadmill exercise, nor the presence of 
other medical diagnoses added to the prediction of 
stolic BP during the isometric stress. In interpretation 
the beta weights, the individual who is likely to have 
high ystolic BP during isometric stress can be described 
ing high systolic BP while at standing rest as well 
ystolic BP on the maximal treadmill test. Age 
were also significantly descriptive, although to 
ser extent, with older patients and male patients 
reaching higher systolic BP levels. 

-~ The results with diastolic BP response also showed 
predictability. The multiple R for the diastolic BP was 
14 (F[5,264] = 103.45; p <0.001; SDe = 8.97) and 
uded 5 predictor variables (Table II). These pre- 
ctors were handgrip strength, resting diastolic BP, 
eadmill HR, systolic BP, and diastolic BP. In this 
analysis, 66% of the patient variability in diastolic BP 
action to isometric stress was explained. 

n predicting systolic BP reaction to isometric stress, 
the best predictor was the resting systolic BP. Similarly, 
best estimate of diastolic BP reaction was afforded 
she resting diastolic BP level. As with systolic BP 
a description can be made of individuals ex- 
o have a high diastolic BP response. Such per- 
ad a high diastolic BP while resting as well as a 
iastolic and systolic BP during the treadmill test. 
‘more, these persons had a lower maximal heart 
n the treadmill test and tended to have stronger 
dgrip. As with systolic BP, the presence or absence 
‘heart disease, abnormality of the treadmill exercise, 
d other medical diagnoses were not associated with 
ic BP reaction. In contrast, however, neither 
‘resting systolic BP contributed to diastolic 
























































first order correlation, sex was a sig- 
r of diastolic BP response. However, 
gth variable entered the regression, sex 
nificantly related. This suggests that 
enerally men have higher diastolic BP re- 
his is because they are also stronger, with 
ing the deciding factor. 
umn in Table II, labeled “B coefficient,” 
basis for formulating the prediction of both 
diastolic BP during isometric stress. A 
n be calculated by multiplying the 
able by the appropriate B coefficient, 
and adding the constant. For instance, 
an with a resting systolic BP of 123 
imal systolic BP of 175 mm Hg would 
cted maximal systolic BP during handgrip 
re s: Predicted systolic BP = 50(0.27) + 
6.5) t 23(0. 62) +.175(0.36) + 21.99 = 162 mm 








coeficients will vary with different samples of 
ns, and these formulas will not be totally gener- 
ab. They do, however, predict well for subjects in 
sample, and should predict for similar subjects. 



























































Discussion 
The stimulus for this study was the observation 
marked individual variation in blood pressure respon 
to isometric stress. The major question was whether: 
not the response could be predicted by basic clini 
information. The answer to our question is yes in the 
BP reactions could be predicted with 70% of systolic BE 
and 66% of diastolic BP variation accounted for. D 
ferent sets of variables are required for predicting s: 
tolic and diastolic BP reactions, and there are pat: 
that are important to prediction. The most i impo 
information for predicting systolic BP reaction is s 
tolic BP with the subject at, standing rest. Likewi 
resting diastolic BP is the strongest predictor of d 
stolic BP response. The patients’ maximal BP reaction: 
on the treadmill contribute additional information 
Maximal systolic BP on the treadmill is useful for e: 
timating the systolic BP reaction to isometric stre 
whereas both the systolic BP and the diastolic BP, 
well as HR, on the treadmill are important for predict: 
ing the diastolic BP. However, we found an inversi 
relation between HR on the treadmill and diastolic B 
during handgrip; lower HR is associated with hig! 
diastolic BP reactions. 
While sex and age are relevant only to systolic | 
response, strength is only involved in predicting d 
stolic BP response. The weak relation of age with 
tolic BP and the lack of relation to diastolic BP duri 
isometric stress is interesting since previous reports? 
have indicated as association in subjects of compara 
age. Further caution in predicting is indicated by 
finding that although strength related well to diasto. 
BP, several patients with weakest strength 
greatest BP increase relative to resting levels, and 
with greatest strength had the smallest increase. 
Of importance was the nonsignificance of the pr 
ence or absence of heart disease to either systolic BP 
diastolic BP reaction in our series. Heart disease te 
to predispose to higher systolic BP response wi 
handgrip exercise, but without statistical significan 
This is consistent with the findings of Kino et al,’ 
reported no difference between BP response in olde: 
normal persons and that in older patients with he: 
disease. Fisher et al,!4 on the other hand, found a grea 
increase in BP in persons with normal left ventricu 
function than in those with abnormal function. O 
results agree with those of others!°!! in that hyp 
tensive patients had greater increases in BP with i 
metric stress than nonhypertensive patients. Stró 
al!? found in youngsters aged 7 to 14 years an ini 
relation between resting BP and percent change w 
exercise. 
Although it has become popular to emphasize ° | 
dangers of isometric exercise,*:!"-!9 we found infrequen 
S-T depressions, no significant arrhythmia, and n 
angina or other notable symptoms in our patients. Othe: 
workers have also spoken to the safety of isomet 
testing.*°-22 While isometric stress does increase. 
cardial oxygen consumption,” coronary flow has È 
shown to increase,*?? presumably meeting? or e 
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exceeding?4 the increased myocardial oxygen con- 
sumption. We have found isometric stress, as we have 
employed it, monitored for electrocardiogram and 
symptoms as well as BP, a safe and practical noninva- 
sive test. It appears, then, that such testing is neglected 
at times when it might be useful. Many variables affect 
BP increase with this type of exertion; we found that 
patterns of readily obtained clinical variables can ac- 
count for two thirds of the variation in BP response. 
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Makes hemodynamic sense 
inthe treatment of hypertension 


Reduces blood pressure 


It's as effective as propranolol in normalizing 
blood pressure (dbp <90 mmHg) when used 
alone. It's also effective when used in combina- 
tion with a diuretic." 


Has little effect on resting 
cardiac output 


Unlike other beta blockers, Visken (pindolol) 
maintains resting cardiac output during long-term 
therapy. The clinical significance of this has not 
been evaluated. 


© 1983 Sandoz, Inc 


Reduces total peripheral 
resistance* 


Visken (pindolol) reduces one of the recognized 
components of hypertension: increased periph- 
eral resistance.* Studies of 178 patients treated 
with Visken (pindolol) for at least two weeks have 
shown that Visken therapy reduces total 
peripheral resistance." 


Reduces exercise-induced 
tachycardia 


Like other beta blockers, Visken (pindolol) blocks 
stimulation by catecholamines to reduce exercise- 
induced increases in systolic blood pressure 

and heart rate. 


linical significance has not been evaluated. See clinical 
ince statement on facing page of this advertisemen 


the only beta blocker that reduces blood pressure 
and total peripheral resistance’ 


Has little effect on resting 
heart rate 


Visken® (pindolol) produces minimal changes in 


resting heart rate. Average reduction: 4-8 beats/ 
minute. 


The clinical significance 
has not been evaluated 


The clinical significance of maintaining resting 


cardiac output, resting heart rate and reduced to- 


tal peripheral resistance has not been evaluated 
and there is no evidence or reason to believe that 
exercise Cardiac output is less affected by Visken 
(pindolol) than other beta blockers 


Maintains renal blood flow 


Visken (pindolol) reduces supine and standing 
blood pressure while maintaining effective renal 
plasma flow and glomerular filtration rates. 





Favorable side effect profile 
Low incidence of bradycardia 


Low incidence of 
cold extremities 


Visken (pindolol) is contraindicated in: 


1) bronchial asthma 

2) overt cardiac failure 

3) cardiogenic shock 

4) second- and third-degree heart block 
5) severe bradycardia 


e Clinical significance statement 


References: 

1. Data on file, Sandoz Pharmaceuticals 
Icox ( et al: Renal function, body fluid volumes, renin 
C rent of hypertension with pindolol 
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Please see next page of this advertisement for brief summary of prescribing 
yrmation 


Visken (pindolol) 


Available in 5 mg and 10 mg tablets 


Convenien 
Dosage should be ti 


bid dosage 


ated on an individual basis. 


Many patients respond to 10-30 mg a day in divided doses. 


Before prescribing or administering, see package circular for 
full product information. The following is a brief summary. 


INDICATIONS AND USAGE 

Visken (pindolol) is indicated in the management of hyperten- 
sion. It may be used alone or concomitantly with other antihy- 
pertensive agents, particularly with a thiazide type diuretic 


CONTRAINDICATIONS 

Visken (pindolol) is contraindicated in: 1) bronchial asthma; 
2) overt cardiac failure; 3) cardiogenic shock: 4) second and 
third degree heart block; 5) severe bradycardia, (see 
Warnings) 


WARNINGS 

Cardiac Failure: Sympathetic stimulation may be a vital compo- 
nent supporting circulatory function in patients with congestive 
heart failure, and its inhibition by beta-blockade may precipitate 
more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, Visken (pindolol) 
can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics 
Beta-adrenergic blocking agents do not abolish the inotropic ac- 
tion of digitalis on heart muscle 


In Patients Without A History of Cardiac Failure: In patients 
with latent cardiac insufficiency, continued depression of the 
myocardium with beta-blocking agents over a period of time can 
in some Cases lead to cardiac failure. At the first sign or symp- 
tom of impending cardiac failure, patients should be fully digi- 
talized and/or be given a diuretic, and the response observed 
closely. If cardiac failure continues, despite adequate digitaliza- 
tion and diuretic, Visken (pindolol) therapy should be withdrawn 
(gradually if possible) 


Exacerbation of Ischemic Heart Disease Following Abrupt 
Withdrawal: Hypersensitivity to catecholamines has been ob- 
served in patients withdrawn from beta-blocker therapy; exacer- 
bation of angina and, in some cases, myocardial infarction have 
occurred after abrupt discontinuation of such therapy. When 
discontinuing chronically administered Visken (pindolol), par- 
ticularly in patients with ischemic heart disease, the dosage 
should be gradually reduced over a period of one to two weeks 
and the patient should be carefully monitored. If angina mark- 
edly worsens or acute coronary insufficiency develops, Visken 
(pindolol) administration should be reinstituted promptly, at 
least temporarily, and other measures appropriate for the man- 
agement of unstable angina should be taken. Patients should be 
warned against interruption or discontinuation of therapy with- 
out the physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to 
discontinue Visken (pindolol) therapy abruptly even in patients 
treated only for hypertension 


Nonallergic Bronchospasm (e.g., chronic bronchitis, emphy- 
sema)—Patients with Bronchospastic Diseases Should in 
General Not Receive Beta-Blockers: Visken (pindolol) should 
be administered with caution since it may block bronchodilation 
produced by endogenous or exogenous catecholamine stimula- 
tion of betas receptors 


Major Surgery: Because beta blockade impairs the ability of the 
heart to respond to reflex stimuli and may increase the risks of 
general anesthesia and surgical procedures, resulting in pro- 
tracted hypotension or low cardiac output, it has generally been 
Suggested that such therapy should be withdrawn several days 
prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation con- 
troversial. If possible, beta-blockers should be withdrawn well 
before surgery takes place. In the event of emergency surgery, 
the anesthesiologist should be informed that the patient is on 
beta-blocker therapy. The effects of Visken® (pindolol) can be 
reversed by administration of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol. Difficulty 
in restarting and maintaining the heart beat has also been re- 
ported with beta-adrenergic receptor blocking agents 


Diabetes and Hypoglycemia: Beta-adrenergic blockade may 
prevent the appearance of premonitory signs and symptoms 
(e.g., taohycarala and blood pressure changes) of acute hypo- 
lycemia. This is especially important with labile diabetics 
eta-blockade also reduces the release of insulin in response to 
hyperglycemia; therefore, it may be necessary to adjust the 
dose of antidiabetic drugs 


Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical igne (e.g., tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta-blockade which 
might precipitate a thyroid crisis. 


PRECAUTIONS 
Impaired Renal or Hepatic Function: Beta-blocking agents 
should be used with caution in patients with impaired hepatic or 





renal function. Poor renal function has only minor effects on 
Visken (pindolol) clearance, but poor hepatic function may 
cause blood levels of Visken (pindolol) to increase substantially 


Information for Patients: Patients, especially those with evi- 
dence of coronary artery insufficiency, should be warned 
against interruption or discontinuation of Visken (pindolol) ther- 
apy without the physician's advice. Although cardiac failure 
rarely occurs in properly selected patients, patients being 
treated with beta-adrenergic blocking agents should be advised 
to consult the physician at the first sign or symptom of impend- 
ing failure 


Drug Interactions: Catecholamine-depleting drugs (e.g., reser- 
pine) may have an additive effect when given with beta-blocking 
agents, Patients receiving Visken (pindolol) plus a catechol- 
amine depleting agent should, therefore, be closely observed for 
evidence of hypotension and/or marked bradycardia which may 
produce vertigo, syncope, or postural hypotension 


Visken (pindolol) has been used with a variety of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
chronic oral toxicologic studies (one to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant 
toxic effects. In two-year oral carcinogenicity studies in rats and 
mice in doses as high as 59 mg/kg/day and 124 mg/kg/day (50 
and 100 times the maximum recommended human dose), re- 
spectively, Visken (pindolol) did not produce any neoplastic, 
preneoplastic, or nonneoplastic pathologic lesions. In fertility 
and general reproductive performance studies in rats, Visken 
(pindolol) caused no adverse effects at a dose of 10 mg/kg 


In the male fertility and general reproductive performance test in 
rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/kg/day. At 
30 mg/kg/day, decreased mating was associated with testicular 
atrophy and/or decreased spermatogenesis. This response is 
not clearly drug related, however, as there was no dose re- 
sponse relationship within this experiment and no similar effect 
on testes of rats administered Visken (pindolol) as a dietary ad- 
mixture for 104 weeks. There appeared to be an increase in pre- 
natal mortality in males given 100 mg/kg but development of 
offspring was not impaired 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there also was in- 
creased mortality of offspring. Prenatal mortality was increased 
at 10 mg/kg but there was not a clear dose response relation- 
ship in this experiment. There was an increased resorption rate 
at 100 mg/kg observed in females necropsied on the 15th day of 
gestation 


Pregnancy—Category B: Studies in rats and rabbits exceedin 
100 times the maximum recommended human doses, reveale 
no embryotoxicity or teratogenicity. Since there are no adequate 
and well-controlled studies in pregnant women, and since ani- 
mal reproduction studies are not always predictive of human re- 
sponse, Visken (pindolol), as with any drug, should be 
employed durin ah agp only if the potential benefit justifies 
the potential risk to the fetus 


Nursing Mothers: Since Visken (pindolo!) is secreted in human 
milk, nursing should not be undertaken by mothers receiving 
the drug 


Pediatric Use: Safety and effectiveness in children have not 
been established 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 7% of patients during Visken (pin- 
dolol) administration, but progressive elevations were not ob- 
served and liver injury has not been reported in the medical 
literature over a ten (10) year period of marketing. Alkaline 
phosphatase, lactic acid cenyaroganane (LDH) and uric acid are 
also elevated on rare occasions. The significance of these find- 
ings is unknown 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the following table are derived from 12 week comparative dou- 
ble-blind, parallel design trials in hypertensive patients given 
Visken (pindolol) as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken (pin- 
dolol) and the positive controls were pooled from several trials 
because no striking differences were seen in the individual stud- 
ies, with one exception. The frequency of edema was noticeably 
higher in positive control trials (16% Visken (pindolol) vs 9% 
positive control) than in placebo controlled trials (6% Visken 
(pindolol) vs 3% placebo). The table includes adverse reactions 
reported in greater than 2% of Visken (pindolol) patients and 
other selected important reactions 














Total (Volunteered and Elicited) 





Visken Active 
{ indolol Controls” 
Body System/ = 322 (N= 188) 
Adverse Reaction % % 
Central Nervous System 
Anxiety 4 1 
Bizarre or Many Dreams 8 3 
Dizziness 17 23 
Fatigue 15 19 
Hallucinations 1 0 
Insomnia 19 8 
Lethargy 3 6 
Nervousness 11 5 
Weakness 7 5 
Autonomic Nervous System 
Paresthesia 5 2 
Visual Disturbances 4 3 
Cardiovascular 
Dyspnea 9 8 
Edema 11 9 
Heart Failure r <1 
Palpitations 2 2 
Weight Gain 3 5 
Musculo-Skeletal 
Chest Pain 3 
Joint Pain 11 6 
Muscle Cramps 2 
Muscle Pain 12 12 
Gastrointestinal 
Abdominal Discomfort 7 id 
Nausea 7 4 
Skin 
Pruritus 2 <1 
Rash 2 3 





“Active Controls: Patients received either propranolol, = -methyldopa or a 
diuretic (hydrochlorothiazide or chlorthalidone) 


The following selected (potentially important) adverse reactio 
were seen in 2% or fewer patients and their relationship to 
Visken (pindolol) is uncertain. AUTONOMIC NERVOUS SYS- 
TEM: hyperhidrosis; CARDIOVASCULAR: bradycardia, claudi 
cation, cold extremities, heart block, hypotension, syncope, 
tachycardia, GASTROINTESTINAL: diarrhea, vomiting, RESP 
RATORY: wheezing; UROGENITAL: impotence, pollakiuria; 
MISCELLANEOUS: eye discomfort or burning eyes 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have been ri 

pon with other beta-adrenergic blocking agents and should 
e considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression pro- 
gressing to catatonia; an acute reversible syndrome character 
ized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm, respiratory distress 


Hematologic: Agranulocytosis: thrombocytopenic and non- 
thrombocytopenic purpura 


Gastrointestinal: Mesenteric arterial thrombosis; ischemic 
Colitis 


Miscellaneous: Reversible alopecia; Peyronie's disease 


The oculomucocutaneous syndrome associated with the beta- 
blocker practolol has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years 


OVERDOSAGE 

No specific information on emergency treatment of overdosag 
is available. Therefore, on the basis of the pharmacologic ac 
tions of Visken (pindolol), the following general measures 
should be employed as agpropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. 


Cardiac Failure: digitalize the patient and/or administer di- 
uretic. It has been reported that glucagon may be useful in this 
Situation 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenol, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice. ), 


Bronchospasm: administer a betaz stimulating agent such as 
isoproterenol and/or a theophylline derivative. @ 


A case of an acute overdosage has been reported with an ir.take 
of 500 mg of Visken (pindolol) by a hypertensive patient. Blood 
pressure increased and heart rate was >80 beat/min. Recovery 
was uneventful. In another case 250 mg of Visken (pindolol) 
was taken with 150 mg diazepam and 50 mg nitrazepam, pro- 
ducing coma and hypotension. The patient recovered in 24 
hours 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 10 mg b.i.d. 
alone or in combination with other antihypertensive agents 
Many patients will respond to 15 mg per day (5 mgt.i.d.). The 
antihypertensive response usually occurs within the first week 
of treatment. If a satisfactory reduction in blood pressure does 
not occur within 2-3 weeks, the dose may be adjusted in incre- 
ments of 10 mg per day at 2-3 week intervals up to a maximum 
of 60 mg per day. 


HOW SUPPLIED J 
White, round, scored tablets: 5 mg and 10 mg, packages of 
100. 5 mg tablets embossed *VISKEN 5° on one side, and 
*78-111" and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed “VISKEN 10° on one side, and “78-73” and 


scored on other side (NDC 0078-0073-05).  vis-z2 9/1/82) 
Pharmaceutical Division 

A SANDOZ, INC. 
East Hanover, NJ 07936 VIS-383-1 


CONGESTIVE. HEART FAILURE 


) onidiñe | in Congestive Heart Failure: A Vasodilator 


With ie ative mopopic Effects 


S B. HERMILLER, MD, RAYMOND D. MAGORIEN, MD, MARK E. LEITHE, MD, 
DONALD V. UNVERFERTH, MD, and CARL V. LEIER, MD 
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sure/duration of isovolumic contraction and 
duration of the preejection period were used as in- 
dexes of inotropy. After both doses, isovolumic de 
veloped pressure/duration of isovolumic contraction 
decreased dramatically (233% ) and the preejec. 
tion period increased substantially (218%) (both | 
p <0.05). 

Compared with currently employed vasodilating 
agents, the centrally acting agent clonidine appears 
unique in that the drug-induced systemic and pul. 
monary arterial vasodilation are not accompanied 
by a commensurate improvement in ventricula 
systolic function. This lack of improvement appears 
to be a result of negative inotropic effects, 2 


a major cause of the elevated ventricular afterload ac 
companying CHF. This study was designed to deter 
mine the acute hemodynamic properties of oral cloni 
dine in patients with chronic CHF. 


Methods 

Patient population: Fourteen patients with rooderate 
severe CHF were studied. The mean age was 53 years (rang 
19 to 73); 2 patients were women. The diagnosis of dilated 
cardiomyopathy. was confirmed by cardiac catheterization 
performed in each patient within 2 months before the onset 
of study. Thirteen patients had dilated cardiomyopathy and. 
1 patient had severe occlusive atherosclerotic coronary artery 
disease with ischemic cardiomyopathy. Twelve patients were 
categorized as functional class HI] and 2 patients as functional 
class IV (New York Heart Association). All those studied wer 
receiving a digitalis preparation (daily digoxin dose of 0.25 mi 
in 6 patients, 0.125 mg in 7 patients, and digitoxin 0.1 mg in 
1 patient) and furosemide (daily dose range 40 to 120 mg) 
Several patients had previously received vasodilators (iso- 
sorbide dinitrate 20 mg every 6 hours in 5 patients and hy- 
dralazine 75 mg every 8 hours in 3 patients). All vasodilators.” 
were discontinued at least.48 hours before study. The digitalis 
and diuretics were continued. throughout the study with af- 
ternoon doses to avoid peak effect. 

Measurements: On the first study day, a triple-lumen. 
flow-directed ‘catheter. was introduced percutaneously-into 
the subclavian vein and placed in the pulmonary artery forthe _ 
measurement of pulmonary artery pressure, pulmonary 








SYSTEMIC BLOOD PRESSURE 
0:2 mg (n10) -0.4mg(n=7) 


120 
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FIGURE 1. Both doses of clonidine significantly lowered systolic, mean, 
and diastolic systemic blood pressures. Only the 0.4 mg dose reduced 
vascular resistance. Data are presented as mean + 1 standard devia- 
tion. * p <0.05; B = baseline control. 


capillary wedge pressure, and cardiac output (thermodilution 
technique). The pulmonary artery and capillary wedge pres- 
sures were measured with Becton-Dickinson Electrodyne 
PR-18A pressure amplifiers and ST-149 and WR-4D re- 
cording systems. The cardiac outputs were computed with an 
_ Instrumentation Laboratory computer unit 601 and recorder 
unit 602, and were obtained in triplicate (5 measurements 
were made if variation exceeded 10%). Systemic blood pres- 
sure was measured by a cuff and a mercury column sphyg- 
--momanometer. Heart rate was obtained from continuous 
electrocardiographic monitoring. Systolic time intervals, de- 
rived from the simultaneous recording of a carotid pulse 
tracing, a precordial phonocardiogram,.and an electrocardi- 
ogram, were obtained with an Electronics for Medicine Echo 
IV unit using specifications previously outlined. Standard 
formulas were used to determine vascular resistances. Addi- 
tional calculated variables included the following: diastolic 
me = R-R interval minus total electromechanical systole 
(QSo)°; preejection period index (milliseconds) = preejection 
period index corrected for heart rate’; and isovolumic devel- 

oped pressure/duration of isovolumic. contraction,!0-!2 where 
developed pressure during isovolumic contraction = systemic 
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IGURE 3. Pulmonary capillary wedge pressure was significantly re- 
duced by clonidine. Data are presented as mean + 1 standard deviation. 
-p <0.05; B = baseline. control. 
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FIGURE 2. Pulmonary arterial pressure decreased significantly after. 
clonidine administration; Pulmonary vascular résistance decreased as 
well. Data are presented as mean + 1 standard deviation. tp W: 05 . 
B = baseline control. eee 
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Protocol; The patients were studied over 3 days. Day twas | 
utilized for catheter placement and served asan equili : 
period. Oa Day 2, 0, 2 mg of clonidine was admini te 










ministered orally in thë Sota borpti è state, In 10 patients 
hemodynamic variables (cardiac output, heart rate, 
nary capillary wedge pressure, systemic tained beto si 


variance for repeated measures. The 3-he 
veloped pressure/duration of isovolumi 
systolic time interval data were compared. with 
using the t test for paired data. 


Results. 


The results of the hemodynamic studies. ar 
sented in Figures 1 through 5. There was no signifi i 
difference between any of the baseline control mea- 
surements of the 2 doses. After both doses there wasa _ 
substantial reduction of systolic, mean, and diastolic _ 
systemic blood pressures (Fig. 1). All 10 patients who | 
participated in the 6-hour protocol received the 0.2 mg 
dose, while only 7 were given 0.4 mg because hypoten- _ 
sion (systolic blood | pressure < $90 mm Hg) developed in 
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“0,2 mg (r210) 0.4 mg (n=7) 
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ightly after the 0.4 mg dose, at 4 and 5 hours after drug ad- 
Both. doses ‘significantly lowered heart rate. Data are 
s mean + 1 standard deviation..” p <0.05; B = baseline 


over, pulmonary vascular resistance de- 
ter both doses (Fig. 2). Pulmonary capillary 


e decreased 11 and 15% after the re- 
mg doses (Fig. 4). Cardiac index was 
red, and stroke volume increased 


: , an estimate of myocardial oxygen 
reased (Fig. 5): Coronary perfusion 
blood pressure, minus rennet 
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FIGURE 5. Double product, a calculated estimation of av 
oxygen consumption, decreased substantially. Coronary pe 
pressure (diastolic blood pressure. — pulmonary capillary wedgt 
pressure). decreased slightly after 0. 2 mg and was not altered b 
higher dose. Data are presented as mean + 1 standard deviatio : 
<0.05; B = baseline control. : 


(Table I). Isovolumic developed pressure/duration | 
isovolumic contraction and systolic time intervals we 
obtained in 6 patients. There was a dramatic reducti 
in isovolumic developed pressure/duration of isovolu 
contraction for each patient after both doses (Fig. 
Although the isovolumic developed pressure did no 
change significantly, duration of isovolumic contracti 
was prolonged substantially (Table I). The preejecti 
period index lengthened significantly in each patien 
(Fig. 6). The ratio of the preejection period to left ven 
tricular ejection time increased significantly after c 
nidine administration (Table I); this increase wass 
ondary to a consistent prolongation of the pre: jor 
period and some shortening of the left ventric 
ejection time (Table I). a 

All patients had somnolence after both doses of ' 
nidine. Four patients noted dry mouths. Three patient 
has systemic hypotension; 1 of these patients ha 


D stolic Time Intervals, Isovolumic Developed Pressure (AP), and Isovolumic Contraction Time (, 
ents Obtained at Baseline Control and 3 Hours After Clonidine (n =.6) i 
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ymptoms of postural hypotension. Intermittent right 
undle branch block and first degree atrioventricular 
block was noted in 3 patients. 


Discussion 


‘Clonidine evoked significant hemodynamic effects 
‘in these patients with CHF. This centrally acting va- 
sodilator reduced systemic blood pressure, pulmonary 
artery pressure, and pulmonary capillary wedge pres- 
sure. Heart rate decreased significantly after clonidine 
administration. Cardiac and stroke volume indexes did 
not. change substantially. Clonidine appeared to fa- 
orably affect the myocardial oxygen supply-demand 
tatio by minimally altering coronary perfusion pressure, 
increasing diastolic perfusion time, and reducing the 
double product and inotropic state of the ventricle. 
Since stroke volume changed little after clonidine 
administration, the decrease in systemic blood pressure 
was probably secondary to systemic arteriolar vasodi- 
latation. The systemic arteriolar vasodilatation after 
clonidine administration was not reflected in changes 
calculated systemic vascular resistance since cardiac 
utput either did not change or tended to decrease. 
ystemic vascular resistance, the major contributing 
or to.the state of ventricular afterload, is generally 
as an approximation of afterload. Ventricular wall 
on during systole, formulated by the Laplace 
quation as ventricular systolic pressure X ventricular 
olume (at the designated pressure) + wall thickness, 
another expression (and probably a more precise one) 
ventricular afterload. Clonidine substantially de- 
‘eased systolic pressure. Its effects on ventricular 
volume were not measured; however, since ventricular 


volume probably either decreased or remained unal- 


a reduction i in ventri ular af | des ite minimal to 
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systolic and diastolic pressures decreased, ventricular — 


tered. Therefore, using the ventricular wall tension — 
formulation for afterload, clonidine probably elicited _ 
if 





AP/A t 





` FIGURE 6. The preejection period index (PEPI) decreased 
substantially while the developed pressure during iso- 
volumic. contraction/isovolumic contraction time (P/A) 
decreased dramatically after clonidine. These changes 
-in inotropic indexes occurred in each patient after both 
doses. Individual data (n = 6) are presented with brackets _ 
indicating + 1 standard deviation and * p <0.05; CONT. : 
mg = control. 





no changes in calculated systemic vascular resistance. z 
Certainly, clonidine effected systemic arteriolar dila- 
tation. : 
The inability of the failing ventricle to increase stroke 3 
volume in response to systemic arteriolar vasodilatation 
(or afterload reduction) may be caused by 1 or more _ 
factors, such as, excessive preload reduction, end-stage — 
ventricular dysfunction, provocation. of. ventricular 
ischemia, or drug-related negative inotropic effect: y 
degree of preload reduction (approximated by the de- 
crease in pulmonary capillary wedge pressure) was not — 
excessive in this population, but quite similar to the 
reduction effected by some of the peripheral vasodila- 
tors.!”-!4 None of the patients demonstrated end stage 
ventricular dysfunction and, when subgequent] 
most responded favorably cavemen ation 
























vasodilator Siete (248 hours B 
more subtle hemodynamic changes cannot 
It is unlikely that a mild “rebound” effect w: 
for the lack of augmentation of ventricular 
this setting, the response to clonid 
more favorable. It is unlikely that 
myocardial ischemia, since all b 
angiographically normal coron 
previously indicated, clonidine tende 
the determinants of myocardial oxygen 
Clonidine did, however, decrease isovolu 
pressure/duration of isovolumic contrac 
crease the preejection period and preejection pe 
ventricular ejection time in all subjects testec 
doses indicating that this compound evoked egi 
inotropic effects. 7 

The decrease in isovolumic: developed. pressure! : 
duration of isovolumic contraction with clonidine | was 








; secondary to lengthening of the isovolumic contracti n 


period by themselves correlate well with other 
f inotropy, although independent changes of 


hese variables.810-1215-17 That is, without a 
ge in contractility, an isolated reduction of ven- 
ular filling pressure can increase the preejection 
period. and the isovolumic contraction time, and an 
ated reduction of diastolic blood pressure would 
rten them. While ventricular filling pressure did 
e with clonidine administration, this drug ef- 
a parallel reduction in systemic diastolic pressure; 
resultant isovolumic developed pressure remained 
hanged. Therefore, the increase in preejection period 
isovolumic. contraction time and the consequent 
ease in isovolumic developed pressure/duration of 
sovolumic contraction noted after clonidine adminis- 
on indicates that this drug elicited a negative ino- 

c effect. 
lonidine’s central site of action®7:!8!9 probably ac- 
unts for most of the differences between the hemo- 


wod ting agents. Clonidine’s central effects elicit an 
overall reduction in sympathetic nervous system out- 
to cardiovascular target organs including vascular 

th muscle (generalized vasodilation), specialized 


n | resultant negative inotropy). Clonidine has 
own to reduce circulating cathecholamines and 


20,21 The vasodilation is not likely to be 
e of direct peripheral action, because its 
ffects are predominantly vasopressor.?? The 


y exert some Perea vapa hoaiasit effects.?8 

ive inotropic effects are, in large part, med- 

i tly rough reduced myocardial adrenergic 
in 


derate to severe CHF.25 Although nor- 
ls of neurons innervating the heart are 


endent on heightened i 
e clonidine, the peripheral vasodi- 

t vascular or peripheral vascular 

id, therefore, do not elicit myocardial 
ample, hydralazine induces vasodi- 
directly on arterioles, and prazosin, an 
ostsynaptically blocks norepi- 
innervation sites. It is possible that 
hemodynamic effects may be more 

ts with heart failure of lesser severity 


clonidine in CHF is likely to be 
nability to improve ventricular 
plane double ee ino- 


ventricular filling pressure with mild ventricular sys 
dysfunction. While its role in the treatment of CHE 
probably limited, clonidine is an unusual vasodila 
which has provided valuable insights into the role of th 
central sympathetic nervous system in human CH 
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In Vivo Quantitation of Platelet Deposition on Human 
‘Peripheral Arterial Bypass Grafts Using 


Indium- 111-—Labeled Platelets 


Effect of Dipyridamole and Aspirin 


CHARLES W. PUMPHREY, DM, MRCP, JAMES H. CHESEBRO, MD, 
MRINAL K. DEWANJEE, PhD, HEINZ W. WAHNER, MD, LARRY H. HOLLIER, MD, 
PETER C. PAIROLERO, MD, and VALENTIN FUSTER, MD 


Indium-111-labeled autologous platelets, injected 
48 hours after operation, were used to evaluate the 
thrombogenicity of prosthetic material and the effect 
of platelet inhibitor therapy in vivo. Dacron® dou- 
ble-velour (Microvel®) aortofemoral artery bifur- 
cation grafts were placed in 16 patients and unilat- 
eral polytetrafluoroethylene femoropopliteal grafts 
were placed in 10 patients. Half the patients in each 
group received platelet inhibitors before operation 
(dipyridamole, 100 mg 4 times a day) and after 
operation (dipyridamole, 75 mg, and acetylsalicylic 
acid, 325 mg 3 times a day); the rest of the patients 
served as control subjects. Five-minute scintigrams 
of the graft region were taken with a gamma camera 
interfaced with a computer 48, 72, and 96 hours 
after injection of the labeled platelets. Platelet de- 


position was estimated from the radioactivities of 
the grafts and expressed as counts per 100 pixels 
per microcurie injected. 

Dipyridamole and aspirin therapy significantly 
reduced the number of platelets deposited on Da- 
cron grafts and prevented platelet accumulation 
over 3 days. With the small amount of platelet de- 
position on polytetrafluoroethylene femoropopliteal 
artery grafts even in control patients, platelet in- 
hibitor therapy had no demonstrable effect on 
platelet deposition on these grafts. 

It is concluded that (1) platelet deposition on 
vascular grafts in vivo can be quantitated by non- 
invasive methods, and (2) dipyridantole and aspirin 
therapy reduced platelet deposition on Dacron 
aortofemoral artery grafts. 


eee 


The success of vascular surgery is limited by the sub- 
stantial number of arterial grafts in which the devel- 
opment of thrombosis results in occlusion.! Studies 
showing accelerated consumption of platelets in pa- 
tients with vascular prostheses provide indirect evi- 
dence that platelets may be important in this process.” 
More direct evidence of increased platelet deposition 
on prosthetic grafts compared with normal vascular 
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endothelium is derived from imaging techniques using 
indium-111-labeled platelets.*4 In animal studies 
platelet deposition can be quantitated by removing the 
graft and measuring its radioactivity in a gamma 
counter.° Currently, however, only a qualitative as- 
sessment of platelet deposition on arterial grafts in 
human subjects can be made from gamma camera im- 
ages. 

For evaluation of the thrombogenicity of prosthetic 
biomaterials and the effect of antithrombotic therapy 
in human subjects, methods of quantitation are neces- 
sary. We report herein a quantitative, noninvasive 
method of measuring platelet deposition in man and the 
effect of platelet inhibitor therapy on platelet deposition 
on both Dacron aortofemoral and polytetrafluoroeth- 
ylene femoropopliteal grafts in patients in the days 
immediately after operation. 
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\cteristics of Control and Treated Patients 


Bilateral 
Aortofemoral 
Grafts 





Unilateral 
Femoropopliteal 





Control 








Mean + standard deviation. 


Methods 


tients studied: Twenty-six patients (19 men and 7 
with.a mean age of 62 years (range 44 to 79) were 
fter informed consent had been obtained. Their 

cteristics are listed in Table I. 

en patients underwent aortobifemoral operation with 
jon-of a 12 mm (n = 2), 14 mm (n = 11), or 16 mm (n = 
reclotted Dacron double-velour (Microvel®) bifurcation 

‘The diameter of the limbs of the graft was half that of 

proximal anastomosis—that is, 6, 7, or 8 mm. The grafts 
te nd d-from the bifurcation of the aorta to the common 
Artery o on each side. 


ne Gore. Tex® (W. L. Gore and a graft of 6 
eter was anastomosed proximally to the common 


were separated and labeled with indium- UL. oxine 
to the method of Heaton et al. Platelet-aggregation 
served Ald this method? as we have also observed 


peor 3 Telai was 426 uCi (range 305 to 


th, and sixth days postoperatively, that 

96 urs after platelet labeling, scintigrams of 

egion were obtained with a gamma camera in- 
Medical Data Systems computer. The imaging 

tly ‘minutes. A medium-energy parallel hole 

| and the gamma ray spectrometer was 

i ude the 174 and 247 keV peaks of indium-111 
ide. The camera was placed as close to the skin as 
ual contact, and the whole graft was in- 


ysis: Two observers viewed all graft im- 
hether they were from treated or control 
anced radioactivity was recorded fora 
anastomosis if both observers agreed that 
id more radioactivity than the visually es- 
ctivity of the remainder of the graft on 


of radioactivity between patients were then normalized 
dividing the activity by the injected activity corr Ss 
decay. Hence, results are expressed as counts per 100 

per microcurie injected. Background radioactivity was 
mated in patients with femoropopliteal artery oper tio 
measuring the radioactivity from an area of thigh imag: 

by 10 mm located 2mm lateral to the graft. No backgrot 
activity was measured on patients with aortofemor arte 
grafts. . 

Treatment groups: Treated patients: Bight pat 
undergoing Dacron aortobifemoral (12 mm, n= 1514 
= 5; 16 mm, n = 2) and 5 patients undergoing polytet 
roethylene femoropopliteal artery grafting procedures 
ceived platelet-inhibitor therapy based ona dosage sched 
that improves a shortened platelet: survival?!’ and redu: 
aortocoronary vein bypass graft occhision!: dipyridam: 
mg was given orally 4 times in the 24 hours before oper: 
orally at 6 A.M. on the day of operation, and down th 
gastric tube at 1 hour after operation; then aspirin. 
in combination with dipyridamole, 75 mg, was adm 
3 times a day starting down the nasogastric tube 8 h 
postoperatively and orally when able. 

Control patients: Eight patients undergoing Dacron 
tobifemoral (12 mm, n = 1; 14mm, n = 6,16 mm, n = 1} 
5 patients undergoing polytetrafluoroethylene femoropory 
teal artery grafting procedures received no platelet inhibi 
drugs and served as the controls. 

Statistical analysis; A close correlation existed. betwe 
the measured activity in the right and left limbs of the Dacr 


Left Graft 


Counts/ 
100 pixels/ 
Microcurie 


$ 6 7 8 
oe Right Graft o 
- Counts/ 100 pixels/Microcurie _ 


FIGURE 1. C 
aortofemoral a 








TERATE 
; 


QUANTITATION OF IN VIVO PLATELET DEPOSITION 
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aortofemoral artery grafts (r = 0.96, n = 48, p <0.001) (Fig. 
1). Therefore, in these patients the analysis was made on the 
mean value of the activities from the limbs of each graft. Re- 


_ sults are expressed as median values, and the Mann-Whitney 


U test for comparison of independent samples was used for 
statistical analysis. 


Results 


Platelet deposition on Dacron and polytetraflu- 
oroethylene grafts: All grafts remained patent during 
the study, and they were all easily visualized as areas of 
increased radioactivity compared with the adjacent 


native artery (Fig. 2). Platelet activity was not uniform 


along the length of the graft. The Dacron aortofemoral 
artery grafts were more distinct against the background 


48 hrs 
Graft 
12 
p value <0.001 






FIGURE 2. Examples of images obtained of aortofemoral 
artery Dacron bifurcation graft (left panel) and polyte- 
trafluoroethylene femoropopliteal artery graft (left side 
of right panel) after injection of indium-111-labeled 
platelets. 


than were the polytetrafluoroethylene femoropopliteal 
artery grafts (Fig. 2); the less distinct polytetrafluo- 
roethylene grafts had a median ratio of radioactivity of 
graft to adjacent thigh of 3.5 (range 2.9 to 6.0) to 1. 

Platelet deposition in control patients was signifi- 
cantly greater on Dacron aortofemoral artery grafts than 
on polytetrafluoroethylene femoropopliteal artery grafts 
(see Fig. 3 for median values, range, and p values). 
Quantitative measurement of radioactivity of control 
grafts showed that only on the Dacron aortofemoral 
artery grafts was the radioactivity significantly in- 
creased at 96 hours compared with 48 hours for proxi- 
mal anastomoses (p <0.01) and for grafts (p <0.05) (see 
Fig. 3, middle and upper panels, for values for Da- 
cron). 


@—e Dacron n=8 
o_o PTFE n=5 


8 sateen Pea: 
Deer 5.5-10.2 
4 Dacron 3.7-11.8 5.2-10.7 A 
PTFE 1.0-1.7 0.8-2.1 .7 -2.9 
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Counts/ pange Š PREN 5.3-24.7 
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p value <0.001 <0.001 <0.001 
——____.¢. 
8 Range 
Dacron 2.7-109 5.5-9.1 6.4-17.8 
4 PTFE 1.1-1.9 0.8-2.1 1.0-3.7 





FIGURE 3. Graphs of median radioactivities of grafts (upper panel) and anastornoses (middle and lower panels) of Dacron aortofemoral artery 
prostheses compared with those of polytetrafluoroethylene (PTFE) femoropopliteal artery prostheses 48, 72, and 96 hours after injection of in- 
dium-111-labeled platelets in control patients. Ranges of radioactivity are listed in each panel for each of the 3 days. 


nin Table IL visuál éstimation of enhanced 
yat the artery-graft anastomosis compared 
‘rest of the graft showed that approximately 
| anastomoses showed enhanced radioac- 


ty. 
Effect of platelet inhibitor therapy: Dacron grafts: 
ignificantly fewer platelets were deposited on the 
ortofemoral artery grafts during each of the 3 days of 
eated patients (Fig. 4) compared with 
tients. This effect was seen on the graft and 
proximal and distal anastomoses. There was no 
ase in radioactivity from 48 to 96 hours for proxi- 
inastomoses or for grafts in the treated group. 
-olytetrafluoroethylene grafts: No reduction in 
latelet deposition on the femoropopliteal grafts oc- 
1d in treated patients from the already low levels 
erved in control patients (Fig. 5). 


Discussion 


antitation of graft imaging: In agreement with 
nvestigators,!*-!4 we found that both aortofemoral 
sry and femoropopliteal artery prosthetic grafts were 
dily visualized by the- use of indium-111-labeled 
ts. Platelet deposition along the graft was not 
and especially tended to be enhanced at ar- 
anastomoses in both control and treated pa- 
is emphasizes the need to outline the whole 
her than just a section of it, and the need for 

g platelet deposition. 
jastomoses might be expected to be regions of 
atelet accumulation compared with the rest 
aft. Both the presence of sutures and the dif- 
s in compliance between the native artery and 


48 hrs 
Graft 
12 Range 
Control 3.7-11.8 
‘Treated 1.6-8.1 


pvalue <0.01 


Proximal Anastomosis 
12 f7 Range 
Control:4.9-14.7 
Treated 2.9-11.9 


Range 
Control 2.7-10.9 
Treated 1.1-5.1 


„pwale 0.01 


Consensus Reading of Graft Images to 
Determine Visually Whether Artery-Graft 
Anastomoses Show Enhanced Radioactivity 
(ER) Compared With the Remainder of thi 
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at l Number ; 
Number: With a ` Number. 
Aortobifemoral : 
grafts (Dacron) 
Control ` 
Treated 
Femoropopliteal 
grafts (PTFE) 
Control =op 
Treated < g 
Total o 26 





PTFE = polytetrafluoroethylene, 


the graft lead to turbulence which stimulates pla 
adhesion. By injecting the platelets 48 hours aft 
eration, postoperative bleeding does not contribu 
any increase in Pal o aoma activity seen in thes 
gions. 

Any noninvasive method for measuring differenc 
in radioactivity between patients encounters 
problems of background blood pool activity and tiss 
attenuation. Our studies in dogs? demonstrated tha 
early as 3 hours after insertion the activity of a pate 
polytetrafluoroethylene graft can be up to 10 times tl 
of the circulating blood. In addition, the half-life o 
dium-111 is short. By imaging 2 to 4 days after plate 


eo Controin=8 > 
Omo Treated n=8 


Y of Dacron aortofemoral artery grafts (upper panel) and. anastomoses (middie : 5 
ents treated with platelet inhibitors 48, 72, and 96 hours after ATOT of indium- 1 


Ac if each of the 3 mra : 
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p value NS 
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Radio- 5 p value NS 
activity 4 
Counts/ 3 
100 pixels/ Range : 
Microcurie 2 Control 1.4-5.1 
1 Treated 2.6-3.2 


Distal Anastomosis 
p value NS 


Range 
Control 1.1-1.9 
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labeling, the activity of the blood was at a minimum. 
Thus, the platelets deposited on the graft, rather than 
ose circulating i in the blood, contributed principally 
the image of the graft. 
Because the diameter of each femoropopliteal artery 
aft was the same and 7 of 8 of the aortofemoral artery 
afts were also of equal diameter (the other differed by 
ly 1 mm), the blood volumes per unit length of graft 
re similar in each group of patients. Furthermore, we 
dardized differences in blood pool activity between 
ents by incorporating the decay-corrected injected 
se into the calculated figure. 
The smaller diameter of the femoropopliteal artery 
afts also results in less radioactivity per unit area of 
age, but this does not.account for all of the difference 
activity between the polytetrafluoroethylene and 
ron grafts. Platelets may be less adherent to 
lytetrafluoroethylene than to Dacron, as reported by 
hers,'4 but this conclusion cannot be drawn from this 
ady because the different graft materials were placed 
fferent anatomic locations. Blood flow is greater in 
rtofemoral position, so more platelets per unit of 
me into contact with these grafts than with those 
femoropopliteal position. 
ifferences in tissue absorption of radioactivity may 
the validity of comparisons between patients. 
anatomic position of the aorta and the femoral ar- 
emains relatively constant although the body 
is and amount of subcutaneous tissue may vary. 
e bifurcation of the aorta is anterior to the vertical 
‘column, and the graft passes anteriorly and inferiorly 
just under the skin below the inguinal ligament. Be- 




























ause there was little difference in the body habitus. 
ween patients i in the gontrol and those i in the treated eg 
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GURE 5. Graphs of median radioactivities of polytetrafluoroethylene femoropopliteal artery grafts (upper panel) and anastomoses (middie and a 
wer panels) in control patients compared with those in patients treated with platelet inhibitors 48, 72, and 96 hours after ENO of indium- ao 
T-labeled platelets. Ranges of radioactivity are listed in each panel for each of the 3 days. : A 





groups (Table T), the variation in tissue attentistion was 
not large and would not be expected to account forthe — 
differences observed in the treated and control patients. _ 
By contrast, the anatomic position of the femoropop- __ 
liteal artery grafts can vary, lying either subcuta 
neously or deep within the muscle layer. Furthermo 
because the background tissue activity from the bone 
marrow may contribute to the measured activity of the 
graft, measurements of these grafts with low levels of zi 
platelet deposition may be subject to greater error. 
To avoid these problems, some investigators!4 use 
activity ratios, comparing the grafts with the contra- 
lateral artery; such a comparison presupposes that i 
the contralateral artery the platelet endothelial ir 
action is normal, the luminal diameter is al 
same as that of the graft, and the blood flow 
the same as that in the grafts, all of which assumpt 
are unlikely in a disease so diffuse as athe 
Platelet inhibitor therapy: Dipyridamo 
pirin therapy has been shown to reduce pla 
sition and thrombosis in vein grafts bot! 
and in patients.!? In this study a similar 
to that which showed a beneficial effi 
occlusion rate of aortocoronary sapheno 
grafts!’ in patients was associated with les si 
along the aortofemoral grafts, including the anasto- 
moses, compared with the control grafts. Howev. 
amount of platelet deposition on polytetrafluc 
lene Ni artery grafts was small, 
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eee: Sate and enhañced e (a ab- 
on.1° The maximal inhibition of platelet deposi- 


termedinite doses of dipyridamole (3 mg/kg) and as- 
irin (10 mg/kg).!8 The accumulation of salicylate may 
‘otect vascular prostacyclin from inhibition by aspi- 

0 Likewise, intermediate doses of dipyridamole (225 
and aspirin (1 g/day) or larger doses of 

ole alone (400 mg/day)? prolong a shortened 


show in vivo suppression of platelet-arterial wall or 
platelet-prosthetic material interaction.58-1215 In our 
w suppression of this in vivo interaction in patients 
animals is a good approach for choosing drugs and 
r doses that may be of clinical antithrombotic ben- 
fit and value in a clinical trial.127! 

The clinical importance of this study is uncertain, 
Ithough it suggests that this method may be an im- 
rtant way of screening for effective platelet inhibitor 
gs in man. We have demonstrated that the per- 
ntage of injected dose per unit area, computed from 
graft image, is a normalized variable that can be 
used to compare differences in platelet deposition. 
tudinal studies are necessary to establish whether 
ion correlates with the level of platelet de- 

on observed in the early postoperative period. 
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Cardiovascular Effects of a Newly Synthesized Cardiotonic 
gent (TA-064) on Normal and Diseased Hearts 


MASAYA KINO, MD, YUZO HIROTA, MD, SHOJI YAMAMOTO, MD, 
KENICHI SAWADA, MD, MASATOMO MORIGUCHI, MD, MASAHIRO KOTAKA, MD, 
SHINICHIRO KUBO, MD, and KEISHIRO KAWAMURA, MD 


| new inotropic agent, TA-064, (—)-a-(3,4-di- 9 ng/ml, n = 17). A positive inotropic effect was 
ethoxyphenethylaminomethy!)-4-hydroxyben- confirmed echocardiographically in both healthy | 
ylalcohol, was shown to have strong effects in volunteers (n = 8) and patients with congestive _ 
xperimental animals. Its effectiveness and asso- heart failure (CHF) (n = 9) who were maximally _ 
lated adverse effects were tested in humans in- treated with conventional regimens: increase in _ 
asively (n = 6) and noninvasively (n = 17). In- mean velocity of circumferential fiber shortening — 
reasing doses of intravenous infusion (1, 2, and 4 (healthy volunteers: 1.29 + 0.05 to 1.60 + 0.11 
g/kg/min) increased plasma levels to 15, 35, and circ/s |p <0.05]; patients with CHF: 0.69 + 0.08to _ 
2 ng/ml, respectively, resulting in marked in- 0.93 + 0.09 circ/s |p <0.01]), ejection fraction _ 
reases in the peak rate of left ventricular pressure (healthy volunteers: 68 + 2 to 75 + 2% E nth ue 
ise (dP/dt) (1,450 + 63 to 3,042 + 349 mm Hg/s) patients with CHF: 37 + 4 to 45 + 5% [p <0.0 i 
mean + standard error of the mean [SEM], p without change in heart rate. The cardiac index was _ 
-0.01) and the ratio of dP/dt to left ventricular increased only in the CHF group (2.71 + 0.22to3.21 
ressure at a developed pressure of 40 mm Hg (25 + 0.24 liters/min/m?) (p <0.05). No significant _ 
: 3 to 39 + 2 s71) (p <0.01), with a reduction in left untoward effects were observed. Thus TA-064 isa 
entricular end-diastolic pressure (12 + 2to4 +1 potent inotropic agent and can be used either par- 
ım Hg) (p <0.01). Minimal or no changes were enterally or orally. Salutary effects can be expected _ 
zen in heart rate and left ventricular systolic in patients with congestive heart failure who ari 
ressure. After a single oral dose (10 mg), the treated with digitalis and diuretic agents. — 
lasma level reached its peak at 90 minutes (16 + Be 

























he goal of medical management of the patient with toms of dyspnea and fatigue. To attain this 
vere heart failure refractory to the conventional reg- combination therapies of digitalis and aft 
nen of digitalis and diuretic agents is to improve the preload-reducing agents have been used te 
ality of life and prolong it. Intensive efforts have been cardiac pump function with some succes 
ed toward development of efficacious and safe the clinical use of digitalis is limited 
gs for ambulatory use to minimize disabling symp- row therapeutic range and serious a 
hea fects in patients with severe heart failure; only a 
2 Third Division, Department of Internal Medicine, Osaka Medical number of inotropic agents are available for amb 
~~ eiat reni a e R was resign in leh by therapy.®-!° The catecholamines dopamine and do 
ntfi Mini o n e ig * yoe 5 ve Areata CREAR. HE R 
Amen for the Survey on idiopathic Gardian oey, a GrantihAld tamine, which have a strong pr sitive snot op 5 
cientific Research from the Ministry of Education, Science and cannot be used because of their lack of or efi 
re of the Japanese Government, and the Jinsenkai Alumni Re- ness. ‘Thus, an orally effective ne 
rch Fund, Osaka Medical College, Osaka, Japan. Manuscript re- 
ived May 3, 1982; revised manuscript received and accepted July 
1982... an ns =: a 
Address for reprints: Masaya Kino, MD, The Third Division, Depart-. PE oa 
ent of Internal Medicine, Osaka Medical College, 2-7,Daigaku-cho, ~- TA-064 wa 
Takatsuki City, Osaka, Japan 669, Osaka, Japan (Fig. 































































ositive inotropic effect. In the experimental animal, 
_ when given orally, TA-064 is quickly absorbed from the 
: gastrointestinal tract and its inotropic effect lasts for 
-T hours.!*!7 Its oral effectiveness and lack of significant 
-toxicity in the experimental animal makes it potentially 
mportant for clinical use as a cardiotonic agent in the 
herapy of human heart failure. 

In this report we describe the acute cardiovascular 
ffects of the new cardiotonic agent TA-064 on normal 

diseased human hearts. 


Methods 


This study comprises 3 parts: (1) the dose response effects 

‘intravenous TA-064 on hemodynamic variables (n = 6), and 

the. echocardiographic effects of TA-064 given orally to 

healthy volunteers (n = 8), and (3) to patients with congestive 
t failure (CHF) (n = 9). 


Jose Response of Intravenous TA-064 


The purpose of this part of the study is to examine the he- 
namic effects of intravenous TA-064 precisely and the 
response of positive inotropic and chronotropic effects, 
Six patients were selected and agreed to participate in 
study on the basis of mild valvular disease or a normal 
onfirmed by routine diagnostic cardiac catheterization; 
mitral regurgitation, 1 had mitral and aortic regurgita- 
n, and 4 other patients had undergone routine diagnostic 
zation for angina pectoris and were proven to have 
oronaries. All patients were placed in class I to II, 

ing to the New York Heart Association functional 
ification scheme. The ages of the patients ranged from 
5 years, with a mean of 47.3. The catheterization was 


pe T aidlocaticter ea model PC-471 or 481, 
ments) at high and low gains; left ventricular 
i¢/s) was recorded simultaneously. Zero level was 

ectronically by a transducer control unit (model 
illar Instruments) before the insertion of the 
he Zero shift was adjusted to the level of mid- 
way of the water-filled system using a Stat- 
pressure transducer. Right ventricular, pulmo- 
, and pulmonary capillary wedge pressure were 
1 use of a water-filled system (Swan-Ganz ther- 
catheter, Edwards Laboratories). Cardiac output 
f by the thermodilution technique (model 
c Output Computer, Edwards Laboratories). 
ordings were obtained at paper speed of 25, 
“ach patient, using an 8-channel optical 
(model 4588D, Hewlett-Packard). Five 
es in cases of normal sinus rhythm and 
plexes in patients with atrial fibrillation 
ermination of the pressure, peak rate of 
sure increase (dP/dt), and the ratio of left 
t a developed pressure of 40 mm Hg 
8 Premature complexes and immediate 
plexes were discarded. 
n of baseline measurements, TA-064 was 
nously, starting at 1 ug/kg/min with 
o 2 and 4 ug/kg/min for a 10-minute 
, respectively. At each period, hemodynamic 


ere repeated. Electrocardiogram and the. 
ition were e monitored continuously ` 


(—) -2 - (3,4 - dimethoxy ainiti met 
~ 4 ~ hydroxybenzylalcohol 


FIGURE 1. Chemical structure and name of TA-064, 


Effects of Oral TA-064: Echocardiographic Study 


Effects on the normal heart: After informed consent w 
obtained, 8 healthy male medical students participated in t 
study (age range from 18 to 28 years, mean 23.3). After 30 
minutes of bed rest, an echocardiographic study was p 
formed in the standard method with the patient in the supi 
position, with a 78° phased electronic sector scanner with 
elements (Toshiba SSH-11A), using.a 2.4 MHz transdu 
placed in the third or fourth intercostal space. While cardi 
motion was observed in.2-dimensional long- and ‘short-a 
images, the M-mode echocardiogram was displayed on a 
beroptic recorder (Honeywell model 1218A) at a paper speed 
of 100 mm/s with simultaneous electrocardiographic, carotid 
pulse, and phonocardiographic recordings. Echocardiograp 
measurements were made according to the recommendati 
by the committee on M-mode standardization of the American 
Society of Echocardiography.!9 Left ventricular ejection tim 
was obtained from the carotid pulse tracing. After the baselin 
echocardiogram was obtained, 1 single dose (10 mg). of TA- 
was given orally and echocardiographic study was repeated 
30, 45, 60, 90, and 120 minutes after its administration. Blood 
pressure was automatically measured by cuff. meth 
(sphygmomanometer BP-208X, Nihon Kohrin, Toky 
throughout this study. Fractional shortening (FS) was ¢ 
culated as FS = (Dd — Ds)/Dd, where Dd = internal dime 
sion of the left ventricle at end-diastole, and Ds = internal 
dimension of the left ventricle at end-systole. Left ventricular 
volume at end-diastole and end-systole was calculated . 
cording to the method of Teichholz et al?° as V = (7.0/2.4 
D)(D*), where V = volume and- D = the internal dimension 
the left ventricle at end-diastole and end-systole. Ejection 
fraction, mean velocity of circumferential fiber shortening,” 
cardiac output, and systemic vascular resistance were als 
calculated by the standard formulas. Five consecutive bea 
in normal sinus rhythm were averaged for the echocardio 
graphic measurements. 

Effects on diseased hearts with CHF: This part of th 
study was conducted to determine whether positive inotro 
effects demonstrated in normal hearts can be elicited in di 
eased hearts as well by a single oral dose (10 mg) of TA-064 
It is not our intention to demonstrate the maximal effect of 
TA-064. Since we chose to use M-mode echocardiograms te 
assess left ventricular function, 9 patients with diseased hearts 
were selected on the basis of uniform hypocontraction of th 
left ventricle without any segmental dyskinetic area. All had 
CHF (New York Heart Association functional class II to IV 
after full médical treatment with bed rest, low sodium di 
digitalis, diuretics, and other preload- and afterload-reduci 
agents. The causes of CHF were peripartum cardiomyopat: 
terminal stage of syphilitic aortic regurgitation, and isch 
cardiomyopathy, 1 case each; the other 6 patients hac Ç 




















TABLE | Dose Response Effects of Intravenous TA-064 on Hemodynamic Variables _ 
we pe pare Peak dP/dt 








HR LVS LVED PAM © Cl TPR (+)dP/dt DP40 Si swi LVMWL TA-064 
133 11.7 16.3 3.29 233 1450 25.0 44.5 51.0 3.77 0 
+7 +1.9 +0.9 +£0.43 +21 +63 +2.9 £3.2 +3.8 +0.50 
133 8.3 13.2 3.28 201 1690 29.2 44.0 50.8 3.78 14.7 
+6 #1.3° +0.5* +0.37 +19* +128. +3.3 +3.2 +3.7 +0.41 
135 5.7 11.7 3.42 169 2153 32.0 43.3 52.9 4.22 34.9 
+6 set £0.37 +0.35 +147 t ; 3 +4.2 +0.41 































gestive cardiomyopathy. All cases except 1 with congestive 
cardiomyopathy (Patient 4, Table HI) were studied by cardiac 
catheterization, including left ventriculography and coronary 
sIneangiography. The diagnosis was based not only on the 
indings of cardiac catheterization but also on the typical 
linical presentation and echocardiographic findings, ac- 
cording to the criteria of the National Study Group of Idio- 
pathic Cardiomyopathies of Japan?? after modification of the 
criteria of Goodwin and Oakley.” The method of this part of 
he study is almost identical to that described in the previous 
section on the normal heart. In summary, after informed 
onsent-was obtained, the patients were evaluated in the 
,0stabsorptive state, 3 to 5 hours after receiving their daily 
ral dose of digitalis, diuretics, or other conventional regimens. 
Bed rest of at least 30 minutes stabilized blood pressure and 


left ventricular end-diastolic pressure (mm Hg); LVMWI = left ventri ilar 
(mm Hg); PAM = mean pulmonary artery pressure (mm Hg); SI = stroke 


130 | | } | 
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heart rate. After baseline echocardiographic measurements : 
were obtained, the patient was given 1 single dose (10 mg) of 
TA-064 orally. Echocardiographic examination was repeated 
30, 45, 60, 90, 120, and 180 minutes later. Five consecutive — 
beats in cases of normal sinus rhythm and 7 consecutive beats 
in cases of atrial fibrillation were averaged for the determi- 
nation of echocardiographic variables. Premature and po 
premature beats were discarded. a ; 
Tn each study period, peripheral venous blood samples were a 
obtained for the determination of plasma catecholamine levels 
and TA-064 concentrations. Plasma catecholamine levels were. 
measured fluorimetrically by high performance liquid chro- — 
matography using the trihydroxyindole (THI) method.” 
TA-064 was measured using selected ion monitoring technique ` 
by gas chromatography mass spectrometry. We used Students: — 









FIGURE 2. Dose respec 
travenous TA-064 ` up 
variables. Peak (+) dP/ 
were significantly it 
dose of 2 g/kg/min, w 
(HR) and left ventricula: 
{LVs) remained unc 
to increase: at highe 
Mean pulmonary arteri 
ventricular end-diastolic 
decreased. Only at a hi 
(4 ug/kg/minj dia t 
‘Significant! 











sased the mean ples da concentration of 
; 34.9, and 81.7 ng/ml, respectively. Left 


ee of TA-064 (4 ug/kg/min) was the heart rate 
ed AEE eS Peak (+) dP/dt and dP/dt/ 


oli ‘pressure remained Pinched, and continued 
nerease at higher doses of TA-064 (Table I, Fig. 2). 
pulmonary and left ventricular end-diastolic 
ssures were decreased significantly, depending on 
dose of TA-064. The cardiac index was not in- 
ed. Total pulmonary vascular resistance was sig- 
antly reduced. The positive inotropic effect of 
064 becomes more apparent when the left ventric- 
d-diastolic pressure-left ventricular work index 
lation is studied (Fig. 3). In all patients the pres- 
ork relation was shifted upward toward the left, 

ing an increased inotropic effect of TA-064. 
cts of oral TA-064 on the normal heart: After 
ministration, TA-064 appeared in the blood at 
tes, reached its peak (12.6 + 2.2 ng/ml) at 90 
d remained in the plasma over 120 minutes. 
aseline echocardiographic data and their response to 
l 64 are- presented in Table II. With oral TA- 
064, the heart rate was increased slightly (11%, 61.1 + 
e 2:5 beats/min, p <0.01). Systolic ina 
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30 minutes 


-45 minutes 


60 minutes 


90 minutes 


120 minutes 





shortening, HR: = heart-rate (be: 


Dd = jnternal:dimension of the left ver 
blood pressure (mm Hg); SV = stroke volume (mi); 


FS = fractional 


lic volüme (mi); SBP = systolic 


circumferential fiber shortening (cire/s) 


re (mm Hg); 


essu 
% k 


Y diastolic blood pr 
systole (cm); EF = ejection fraction ( 


2); DBP 
nd-systo 


eft ventricle. 


 p.<0.05. 


Tp <0.01. 
- Gl =. cardiac index (liters/min/m 


Mean + SEM {n = 8). 
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CARDIAC EFFECTS OF NEW INOTROPIC AGENT (TA-064) 


TTR TS n i e 6 oe NS EY 


60’ 90’ 


120’ 











KT. 18yr M. 8/11/80 
Blood level (ng/m) 0 5.1 9.6 11.9 25.4 15.0 
HR (BP) 58 (120/63) 57 (118/60) 59 (128/53) 64 (129/53) 71 (141/63) 71 (132/55) 
Dd (cm) 4.6 4.5 4.5 4.7 4.4 4.5 
Ds (cm) 2.9 2.8 2.8 2.5 2.5 2.7 
EF (%) 67 68 68 78 75 71 
meanVef (circ /sec) 1. 37 1. 44 1. 56 1. 84 1.92 1.70 


FIGURE 4. Echocardiographic response of oral TA-064 in normal volunte 
30 minutes after oral administration and reached its peak at 90 minutes. Wit! 


ers. A representative case is shown. TA-064 appeared in the plasma 
h increasing plasma concentration of TA-064, augmented left ventricular 


contraction is evident in the echocardiographic tracing. CP = carotid pulse tracing; Dd = end-diastolic diameter; Ds = end-systolic diameter; ECG 


= electrocardiogram; EF = ejection fraction; HR = heart rate; PCG = phonocardiogram; Vcf 


Cardiac index showed a trend toward an increase, and 


-total systemic vascular resistance a trend toward a de- 





crease. The ejection fraction was significantly increased 
(10%, 67.7 + 1.8 to 74.6 + 2.2%, p <0.05) and mean ve- 
locity of circumferential fiber shortening was signifi- 
cantly increased 30 minutes after oral administration 
of TA-064 and continued to increase (24%, 1.29 + 0.05 


ng/ml 
20 
15 
10 
5 
0 (Mean + SEM, N =9) 
E ee ees peed 
0 30 60 90 120 150 180 min 


FIGURE 5. Plasma concentration of TA-064 in patients with CHF after 
oral administration of TA-064. TA-064 appeared in the plasma at 30 
minutes and reached its peak at 60 to 90 minutes. 


= velocity of circumferential fiber shortening. 


to 1.60 0.11 circ/s, p <0.05). These inotropic effects 
continued over 120 minutes. A representative case is 
shown in Figure 4. With increasing plasma concentra- 
tion of TA-064, augmented left ventricular contraction 
is evident in the echocardiographic tracings. 

Effects of oral TA-064 on diseased hearts with 
CHF: Clinical characteristics and echocardiographic 
responses are presented in Table III. The plasma con- 
centration of TA-064 is shown in Figure 5. After a single 
oral dose, plasma TA-064 appeared at 30 minutes and 
reached its peak at 60 as well as 90 minutes (17.7 + 3.8 
ng/ml); it remained until 180 minutes. In patients with 
CHF, heart rate and mean blood pressure were not 
changed, while systolic blood pressure increased only 
at 180 minutes (107 + 9 to 117 + 10 mm Hg, p <0.05) 
with 10 mg of oral TA-064. Left ventricular end-systolic 
volume was significantly reduced while left ventricular 
end-diastolic volume was unchanged, resulting in in- 
creased stroke volume (21%, 57 + 6 to 69 + 7 ml, p 
<0.01). The cardiac index increased significantly (18%, 
2.71 + 0.22 to 3.21 + 0.24 liters/min/m?2, p <0.05). Total 
systemic vascular resistance showed a trend toward a 
decrease. Ejection fraction increased significantly (21%, 
37.1 + 4.3 to 45.0 + 4.6%, p <0.01). Mean velocity of 
circumferential fiber shortening also increased signifi- 
cantly (35%, 0.69 + 0.08 to 0.93 + 0.09 cire/s, p <0.01) 
(Fig. 6). 

Findings from individual case examinations indicated 
the plasma level of TA-064 at 90 minutes did not reach 
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*P<005, ** P< 0.01 (NAN t S; A= S) ; 
FIGURE 6. Echocardiographic response after oral TA-064 in patients with CHF. Left ventricular end-systolic volume (LVESV) was significantly 
educed while left ventricular end-diastolic volume {LVEDV) was unchanged, resulting in increased stroke volume (SV). Ejection fraction Erjar and 


Pan velgalty of circumferential fiber shortening (mVcf) increased significantly with oral TA-064. 


sufficient concentration in 4 patients (Patients 2, 3, 7, 
und 8, Table HI) (<10 ng/ml). However, in these 4 pa- 
ients the peak plasma level of TA-064 reached was 30 

(Patient 2), 60 (Patient 3), 180 (Patient 7), and 120 

(Patient, 8) minutes, respectively. Moreover, the dose 

response of TA-064 is evident. The plasma level of 

TA-064 correlated well with the degree of improvement 

of mean velocity of circumferential fiber shortening (r 

= 0.746, p <0.05) and ejection fraction (r = 0,657, 0.05 

<p <0.1). 

In 2 of 9 patients, 200 to 300 ml of diuresis was ob- 
ained 120 to 180 minutes after TA-064 administration. 

None had noticeable adverse effects. In 1 patient (Pa- 
ient 7, in Table I), frequent premature ventricular 
ontractions observed at control period were completely 

ished during TA-064 administration. 
he control value of plasma norepinephrine con- 
ation was increased in 2 patients, both of whom 
New York Heart Association functional class IV 
ient 6, 0.49 ng/ml; Patient 9, 0.80 ng/ml) before 
. At 180 minutes after oral administration of TA- 
the plasma concentration of epinephrine was low- 
(0.06 + 0.02 to 0.04 + 0.01 ng/ml, p <0.05), while 
of norepinephrine remained unaltered (0.33 + 0.07 

o a + 0.09 ng/ml). 


"Discussion 


Although iti is wellknown that both isovolumic ando 


increase in heart rate and systolic blood pressure 
minimal and left ventricular end-diastolic pressure was _ 
reduced with TA-064 administration. Therefore, itcan 
be concluded that the marked increase in both isovol- _ 
umic and ejection phase indexes of contractility seen 
here were solely due to the inotropic effect of this drug. 
The inotropic effect of TA-064 is also evident from the 
cardiac function curve; the left ventricle performs th 
same or more work at a reduced mng pressure 

3). 


an increased cardiac index. 

TA-064 increased contractile fi 
did not affect heart rate and blood 
this inotropic effect of TA-064 is dose- 
a stronger cardiotonic effect can be exper e 
oral dose of TA-064. 

During intravenous infusion study, all 6 
a significant reduction in left ventricular filling 
Although these reductions could be media 
provement in contractility with enhanc ed sy: 

le the 


emptying of the left y 


jection phase indexes employed in this study. arein- left ve 


uenced by preload, afterload, and heart rate 18, 
















































a may plain the lack of significant i increase in cardiac 
ex in healthy subjects. 

-064 did not alter plasma norepinephrine con- 
tion. Only the plasma epinephrine level was re- 
ed significantly with TA-064, although this is con- 
red biologically insignificant. We can comment on 
is only by stating that TA-064 may influence adrenal 
abolism directly and its inotropic effect is not 
ediated by the release of intrinsic catecholamines. 
ugh the exact mechanism remains to be deter- 
TA. 064 is thought to act on the beta-1 adren- 
gic receptor. In the experimental animal, increased 
left ventricular contractile force was inhibited by 
: practolol. 15.17 However, TA-064 was found to have 
unique but important cardiovascular effects. 

The direct effect of TA-064 on cardiac muscle was 
vestigated using isolated guinea pig papillary muscle 
right atrium preparation. The effect of TA-064 
peared more rapidly than that of ouabain without 
nducing any arrhythmia, as usually observed with the 
r. Moreover, TA-064 augmented the increase in 
co ractile force induced by ouabain, and vice 
versa. 17 

_ Thus, the potentially synergistic effect of TA-064 is 
be expected when it is used with digitalis. 

n conscious instrumented dogs, after oral adminis- 
tion TA-064 is quickly absorbed from the gastroin- 
estinal tract, metabolized mainly in the liver, and ex- 
reted i in the urine as glucuronide form. After a single 
ose, TA-064 remained in the plasma >7 hours,!°!" 
ch is suitable for 3 to 4 times daily administration 
mbulatory patients. 

hile the protocol of this study was not designed to 
mpare the effectiveness of TA-064 with other new 
lasses of inotropic agents, particular comment on 
e should be made. Amrinone, recently discov- 
investigators at the Sterling-Winthrop 
s, was also found to have potent positive 
ffects on diseased as well as normal hearts. 
cts are not inhibited by beta blockade or in the 
where catecholamine stores are depleted. Na+- Kt 












































e aric and chronotropic effects of TA-064 
; red mh those of tETOLTENO. and amri- 






















hat of amrinone. The positive chrono- 
-064 was 1/200th to 1/300th that of 
00 to 1,000 times stronger than that 
separation of positive inotropic and 
ts was almost identical to that of 
se observations showed that TA-064 
tropic agent, comparable to amrinone. 

64 exerts its inotropic action by way of 
ic receptor, this drug should be used 
n patients witha normal heart size, 






















The increase in myocardial oxygen consumptie 
duced by any inotropic agent may be offset somew. 
by the reduction in left ventricular chamber size an 
therefore systolic-wall tension (the law of LaPlac 
Since wall tension during systole and the duration. 
systole are major determinants of myocardial oxyge 
consumption,”° any reduction in these values lessens the 
effect of augmented myocardial contractility on myc 
cardial oxygen consumption. A potent inotropic ag 
is thus said to reduce myocardial oxygen consumpt: 
in patients with heart failure.!4 The present study d 
not answer whether this fact may also play a part in 
action of TA-064. TA-064, however, was well tolerate 
and was without noteworthy adverse effects in th 
study. Indeed, no subject had chest pain or palpitation: 
without development of any change in the electrocar- 
diogram or dysrhythmia. Frequent premature ve 
tricular contractions were completely abolished dur 
this study i in 1 patient, and significant diuresis was 
tained in 2 of 9 patients. Thus, it may be stated t 
TA-064 can be safely administered and a potential 
beneficial effect can be expected in patients with 
However, our study population was small and adm 
istration of the drug was short-term; these observati 
must therefore be considered preliminary. Docume 
tation of a lack of chronic toxicity in human subjects 
be necessary before the drug can be considered for 
long-term administration. 
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Nonobstructive Cardiomyopathy: A Precise Assess- 
ment of Hemodynamic Characteristics and Clinical 
Implications) in our November 1982 issue. The error 
appears in Table IV, on page 994. The correct 
placement of the 2 headings is as follows: 








| idiopathic: cardiomyopathies. in: The Committee for Disease 
‘of Unknown Etiology, ed. A guide for the diagnosis of the Diseases of U! 
known Etlology. Kyoto, Japan: Ministry of Health and Welfare of the Japi 
nese Government, 1975:45. : ; wae 
Goodwin SF, Oakley CM. The cardiomyopathies, Br Heart J 1972;34 
A5 ae i pogo 
24, Hamaji M. Estimation of catecholamines in human plasma by ion-exchange 
chromatography coupled with fluorometry. J Chromatogr 1979;163: 
3 mi, : at it at 
25. Mason DT, Braunwald E, Covelt JW, Sonnenblick EH, Ross J dr. Assess- 
ment of cardiac contractility. The relation between the rate of pressure rise 
ang ee pressure during isovolumic systole. Circulation 197 1;44 


Quinones MA, Gaasch WH, Alexander JK. Influence of acute change: 
load, afterload, contractile state and heart rate on ejection and isovolumic 
indices.of myocardial contractility in. man, Circulation 1976;53:293--302 
27. Rankin LS, Moos S, Grossman W. Alterations in preload and ejection phase 
indices of left ventricular performance, Circulation 1975;51:910-915.. > 
28. Hirshleifer J, Crawford M; O'Rourke RA, Karliner JS. Influence of acute 
alterations iw heart rate and systemic arterial pressure on echocardiagraphic 
measures of left ventricular performance in normal human subjects. 
culation 1975;52:835--84 1. feet oh 
29. Alousi AA, Farah AE, Lesher GY, Opaika CJ Jr. Cardiotonic activity of 
pied Wm 40680(5-amino-3,4'-bipyridin-6(1H)}-one). Cire: Res.1979: 
30. Braunwald E. Thirteenth Bowditch Lecture: The determinants of myocardial 
oxygen consumption. Physiologist 1969;12:65-~93. ee 


23 












26 



















(dP/dt)/DP 49 
(s+) 





Peak {(~)dP/adt 
(—mm Hg/s)} 



















1,079* 
+329 

1,923 

+440 







se 












E YET SS ata MEP NETL TPT eae TE TE Ta l= = VRS Spe tS eT TEUR 


One of as many as 60* blood pressure readings taken 
throughout the day by an ambulatory patient. 
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93mm Hg 
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Remler 

_ Ambulatory 
Blood Pressure 

\\) Recorder... 

T Light, compact one-piece unit 

weighs only 25 ounces 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system and the only available blood pressure device 
that completely prints out calibrated blood pressure measure- 
ments showing all Korotkoff sounds. 

This Model M-2000 records blood pressures during the wear- 
er’s working or leisure day. Wearing this unobtrusive, light-weight 
device on a belt, your patient can easily record blood pressure 
data onto the micro-cassette as many as sixty times daily. This 
method totally eliminates bias, and the pressor effect of an ob- 
server’s presence. 

A further advantage of the Remler system is the substantial 
savings in cost over manual methods for obtaining a multiple 
series of blood pressure measurements. 
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Jeppler Company 


Since 1918 e Precision in Electronics 
280 Visitacion Mall e Brisbane, California 94005 USA «+ (415) 468-3437 
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x ITATION SYNDROME: 
FACTS AND THEORIES 


Libi Sherf, MD, FACC Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University, 
of Tel Aviv--Sackler School of Medicine, and Visiting Assoc. Professor, Dept. of Medicine, University of Alabama, ne 


Henry N. Neufeld; M.D., FACC, Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, Heart Institute 
Chaim Sheba Medical Center, Tel Hashomer, University of Tel Aviv—-Sackler School of Medicine. : 


very cardiologist, internist, pediatrician, surgeon—indeed, provide. The encyclopedic references alone would make the book 
iusician=should have a good basic knowledge of izale to anyone seriously interested in, the Wolf-Pvkin 
+excitation Syndrome. Here are just a few reasons why observations are added, it is genuinely a monumental contribution 
so essential: to clinical cardiology and cardiac electrophysivlogy.” i 
Ws of all pre-excitation cases are misdiagnosed. Thomas N, james, MD eet 
8% to 10% of all tachycardias in adults are produced by The Mary Gertrude Waters Professor of Cardiology and Chairman © 
the Department of Medicine, The University of Alabama in Birmi 


` pre-excitation. 
fcr all infants under 10 months of age with life- ham, and Physician-in-Chief, University of Alabama Hospitals: 


‘threatening tachycardias, the tachycardias are actually YORKE MEDICAL BOOKS, BoxC_787, Brooklyn, NY.11205 7 ue 


secondary to pre-excitation, : i | 
ts to %2 of all children with pre-excitation have an j Please send me a copy of THE PRE-EXCITATION SYNDROME | 
S additional heart disease. at $38.00. | may use the book for 30 days and if not completely: 
Starting with Wolff, Parkinson and White's classic paper, this Set eaten lt torial detuned or credit 
book gives a comprehensive summary of all important facts M Paymentenclosed, publisherpays shipping. 
of pre-excitation, plus the authors’ personal experiences of coe di do Mas 1 oyat 
follow-up studies of patients through many decades. It also = Charge my credit cardi < MasterCard Visa. 
brings a broad view of the literature and discusses the Card No. ____________.___ Expire Date es 
fferent structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


“What is offered richly in this book is a methodical and comprehen- 
sive analysis of virtually all currently available knowledge on the 
subject. This is done with an admirable even-handedness, dealing 
objectively with ail viewpoints but at the same time evaluating rela- ; i - : pee: : aise 
ive strengths and weaknesses of each observation and hypothesis. New Ho residents add applicable sales tax. Countries outside Western Hemisphipre 
There is brought a wisdom here which only time and experience can cae pots en ace eet S aa i Sac woes aad a aca 
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UPDATE ON TOPICS IN. \ 
= CARDIOVASCULAR DISEASES — 
_ 4 Two-Day Symposium in Baltimore’s Inner Harbor 
Hyatt Regency Baltimore May 13-14, 1983 : 


Co-sponsored by: 
Maryland Affiliate, American Heart Association 
and Irish Cardiac Society 


<c Topics to Include: Newer Methods of Controlling Arrythmias, Pacing, Managem t 
_ Refractory Congestive Failure, Transluminal Angioplasty, Intracoronary Streptokin: 
_ Long-term Follow-up of Coronary Bypass Surgery and Heart & Lung Transplante 


Faculty: Vincent Gott, M.D. Floyd Loop, M.D. Bruce Reitz; M.D 
‘Mark Applefeld, M.D. David Green, M.D. Joseph McLaughlin, M.D. Leonard Scherlis, 
Kenneth Baughman, M.D. Andreas Gruentzig, M.D. Maurice Neligan, M.D. Michael Scott, M. 
7 Jeffrey Brinker, M.D. John Horgan, M.D, J.F. Pantridge, M.D. Frederick Sutton, M. 
Bernadine Bulkley, M.D. Langford Kidd, M.D. Philip Reid, M.D. Carl Tommaso, M.D 


For further information, contact the American Heart Association, Maryland / ffil 
| Inc., 415 N. Charles Street, P.O. Box 17025, Baltimore, Maryland 21203 











Q-SCAN TELLS ALL. 


Now you can look at every single critical time periods. Simply choosethe summary of abnormal beats and 
heartbeat of your patient’s day—with- time you'd like to examine. Q-Scan will average heart-rate in a simple-to-read 
out wading through complicated charts automatically expand and print those report. Abnormal beats are counted 
or relying on mechanical analysis. Be- segments. Or, you can evaluate the trace and classified in premature and wide, 
cause now there’s Q-Scan, anew full- full-size on standard ECG paper, using premature and narrow, and couplet, 
disclosure Holter monitoring system the optional chart recorder. run and non-classified categories. 
from Quinton. For your convenience, Q-Scan also Hospital proficiency. 

The information you need has an optional Arrythmia Detection Office economy, 

in a simple-to-read format. Program. It gives you an hour by hour With Q-Scan, you can generate top 
Q-Scan was designed to make the quality diagnostic information right in 


best use of both your time and exper- INTRODUCING your office — without special staffing or 
tise. It doesn’t maké value judgments. training. Q-Scan is simple to use. 
Instead it gives you all the infor- THE HOLTER SYSTE And priced to be affordable for 
mation you need to make your almost any practice. With a lower 
diagnostic decisions. THAT NEVER cost per test than outside services. 

In just six minutes, it accurately Most important, Q-Scan is man- 
reproduces every heartbeat from a 24- ufactured with the same quality and 
hour period in a simple-to-read MISSES A BEAT, dependability that’s made Quinton 


report. You can print the entire the leader in cardiac electronics. 

24 hours. Or just those segments Å \ For information on Q-Scan or 

that interest you. fi \ Quinton’s Q family of products, call 
Q-Scan gives you a choice of ' or write Quinton Instrument 

paper, too. A high- speed ultra- iis Company, Cardio Fitness Division, 

violet printer is standard, with a 2121 Terry Avenue, 


hard copy printer available as an 
option. An innovation in Holter 
monitoring, the hard copy printer 
gives you permanent black and 
white copies on inexpensive paper. 

Magnification of key 

Gach segments. 

With Q-Scan, you have the 

option of taking a closer look at 


Seattle, Washington, 98121, 
1-800-426-0347, Telex 328840. 
Distributed worldwide. 
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padmill tests, DILATRATE-SR produced a 17% 
ease in mean total exercise duration within 2 hours; 
8 hours the increase was 20%. 


y Proof of 8-hour increases in 
exercise tolerance with DILATRATE-SR 


DILATRATE-SR 


= 


Placebo 


Hours after administration 


Proof of 8-hour increases in 
_ work capacity with DILATRATE-SR 


DILATRATE-SR 


47% 


6 


iPad 4 
_ Hours after administration 


0% increase in duration of treadmill exercise means 
other minute or two at higher speed on a steeper 
‘line. When mean work performance was calculated, 
-ATRATE-SR provided a 47% increase at 8 hours. 






Exercise duration and work capacity 

increased for a full 8 hours in angina patients* 

In a double-blind, placebo-controlled study involving patients 
with chronic stable angina, significant improvement in exer- 
cise capacity was sustained for eight hours following admin- 
istration of one 40 mg DILATRATE-SR capsule. ' 

This is the first study to demonstrate that a sustained- 
release nitrate formula can provide clinical effectiveness for . 
a full eight hours. And, the advantage over placebo did not 
appear to be decreasing at the end of eight hours. 


Increases in exercise tolerance translate 

into true patient benefits 

Exercise tolerance tests provide objective measurements of 
improvement in work capacity that can be correlated with the 
anginal patient's daily activities. These results demonstrate 
that DILATRATE-SR can provide a positive impact on your 
patient's lifestyle. 


Clinical support of plasma level studies 

This clinical study supports previous blood assays which 
demonstrated that DILATRATE-SR provides significant 
plasma levels of ISDN for up to 12 hours.” 


ROOF: 8-hour antianginal activity’ 


A unique method of delivering isosorbide dinitrate 
DILATRATE-SR employs a unique delivery system — an 
advanced microdialyzing membrane that releases ISDN at 
a steady rate independent of gastric pH and enzymes. The 
water-activated membrane continually adjusts permeability 
to maintain constant nitrate release. 


DILATRATE-SR simplifies antianginal therapy 

The proven sustained activity of DILATRATE-SR offers 
anginal patients convenient b.i.d. dosage and can reduce 
the need for sublingual nitroglycerin. 


“Please see brief summary of full prescribing information on 
following page. For full prescribing information, consult 
package insert. 
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(isosorbide dinitrate) 40 mg 
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(isosorbide dinitrate) 40 mg 


BRIEF SUMMARY 


indications: Based on a review of this 
drug by the National Academy of 
Sciences ~ National Research Council 
and/or other information, FDA has 
classified the indications as follows: 


“Possibly” effective: When taken by the 
oral route, is indicated for the relief of 
angina pectoris (pain of coronary artery 


disease). It is not intended to abort the 
acute anginal episode, but is widely re- 
garded in the prophylactic treatment of 
angina pectoris. 


Final classification of the less-than- 
effective indication requires further 
investigation. 


CONTRAINDICATION: Idiosyncrasy to 
this drug. 


WARNINGS: Data supporting the use of 
nitrates and nitrites during the early days 
of the acute phase of myocardial infarction 
(the period during which clinical and 
laboratory findings are unstable) are 
insufficient to establish safety. 


PRECAUTIONS: Tolerance to this drug, 
and cross-tolerance to other nitrates or 
nitrites may occur. 


In patients with functional or organic gas- 
trointestinal hypermotility or malabsorption 
syndrome it is suggested that eitherthe 5 
mg. or 10 mg. oral tablets or 2.5 mg. or $ 
mg. sublingual tablets be the preferred 
therapy. 


ADVERSE REACTIONS: Cutaneous 
vasodilation with flushing. Headaches 
common and may be severe and 
persistent. Transient episodes of dizziness 
and weakness as well as other signs of 
cerebral ischemia associated with postural 
hypotension may occasionally develop. 
This drug can act as a physiological 
antagonist to norepinephrine, acetyl- 
choline, histamine, and many other 
agents. 


An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite, and severe responses (nausea, 


“vomiting, weakness, restlessness, pallor, 


perspiration and collapse) can occur 
even with the usual therapeutic dose. 
Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis 

may. occasionally occur. 


‘For full prescribing information, consult 
package insert. 
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| Laragh’s eagerl 'y awaited 






new book on the silent killer 


TOPICS IN 
HYPERTENSION 


Edited by 
John H. Laragh, Mp | 


Master Prafessor of Medicine 
Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 
Hospital-Cornell Medical Center: 


644 pages. 36 chapters by 85- 
internationally known spe- 
cialists, Mustrated: Compre- 
hensively indexed. $49.00. 
Available on 30-day approval: 








High blood pressure is no longer only a problem of world- 

wide interest and relevance. It is now one in which.the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about itin his: 
daily practice...and can apply, to an ever-increasing $ 
extent, more sophisticated and individually tailored. E 
therapies, 


Laragh’s TOPICS IN HYPERTENSION places this kind | 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. 
deals in depth with recent breakthroughs in understan 
ing, diagnosing, and treating this problem. 








This book is conveniently organized for effective consu 
tation and reading: E 





* Section | considers recently. maturing biochemical and - 
pathophysiologic aspects of the problem; 


* Section 2 deals with new physiologic approaches to yo F 
diagnosis. ae 









e Section 3 discusses new perceptions of the clinica an 
prognostic aspects of hypertension. 





© Section 4 considers in detail the more recently ntro- 
duced modes of therapy. These new agents pr ethe f 
beginning of a new era of more selective and specific oo 
therapy for increasing numbers of patient 
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---in your hands...in your office 
.. iN minutes. 


Without a specially trained operator. 
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mbulatory Monitoring System 


A123 


- Minutes after your Holter patient returns, — 


_ AEGIS gives you 





the same clinical information 


as a scanning service... 










with none of the drawbacks. | 


ports...in your office...within minutes 


Although scanning services are well 
established, they do have their draw- 
backs. The first is turnaround time. It's 
not unusual for two, three or even four 
days to pass before you receive a report 
on your Holter patient. Then you'll pay a 
hefty charge for this time consuming 
service. 

What's even more critical, some phy- 
sicians question the consistency of the 
reports they receive from scanning serv- 
ices...with good reason. The high 
speed at which scanners operate has 
miade it difficult to incorporate sensitive 
enough computer recognition criteria at 
an affordable cost. 

Compounding the problem is techni- 
Cian fatigue. Since a technician normally 
scans a number of Holter tapes at one 
sitting, significant data may be missed. 
And since technician capabilities vary 
from person to person, the doctor re- 
ceiving a report has no way of knowing 
just how reliable the report is or is not. 


Now the new technology of 
microcomputers does the work of the 
technician and scanner 
right in your office. 


AEGIS advances 
ambulatory monitoring 
into the age of microcomputers. 
After more than six years of develop- 
ment and rigorous clinical evaluation, 
AEGIS advances ambulatory monitor- 
ing and reporting into the age of micro- 
circuity and sophisticated computers. 
Now both the recording and analyzing 
activities are combined into one com- 
pact unit that analyzes, counts and cate- 
gorizes arrhythmias as they occur. Be- 
Cause analysis occurs in real time, the 
inefficient high-speed scanner and the 
fatigue-prone technician can now be 
replaced by a real time analyzer and an 
automatic, consistently reliable playback 
unit that prints out rhythm strips as well 
as summation and categorization re- 







after your Holter patient returns. AEGIS 
does all this without a specially trained 
operator. 


Analyzes each and 





Real time analysis of each heartbeat. 


Unlike traditional Holter monitoring 
equipment, AEGIS does not analyze a 
recording of your patient's heartbeat, 
nor does it rely upon visual identification 
of condensed rhythm strips. Rather, 
AEGIS analyzes each heartbeat as it 
occurs. No scanning service or human 
eye can practically match AEGIS in 
consistency and speed. 

Here's how it works. AEGIS automat- 
ically establishes a “normal” reference 
for each patient, then compares each 
heartbeat to the normal pattern, looks 
for deviations in rate, rhythm and 
morphology, distinguishes each ar- 
rhythmia, and performs highly refined 
classification decisions. All of this data, 
analyzed in real time, is stored on an 
integral digital tape. 

Because the microcomputer works in 
real time, it is able to apply many more 
computer cycles in its decision making 
than those computers used with high- 
speed Holter scanners. 





Compares against what's abnormal 
for each individual patient...not 
against some “universal norm: 


AEGIS recognizes that no two patients 
are exactly alike. In order to analyze de- 
viations more accurately, the AEGIS 
microprocessor automatically estab- 
lishes the “normal” reference for each 
patient. The sophisticated computer 
program used for this function can find 
and reference a patient's “normal” beat 
in less than two minutes. Furthermore, it 
has been proven that AEGIS can estab-.~ 
lish a “normal” reference under a variety 
of difficult conditions such as chronic 
bigeminy, atrial fibrillation and bundle 
branch block. 

In addition, the “normal” reference is 
continually updated throughout the 
analysis period to account for changes 
in the position of the heart due to body 
movement and changes in the patient's 
position. 


Puts the control of evaluating Holter 
studies directly into your hands. 


AEGIS gives you both a rhythm strip 
along with a summary report for your 
confirmation. The rhythm strip is a two- 
channel electrocardiogram with the time 
and classification of the recording and 
the specific lead prdcessed printed right 








on the rhythm strip for easy reference. 

The printed report summarizes the 
frequency and classification of arrhyth- 
mias, as well as heart rate information 
for each one hour or quarter hour in- 
crement of the 24-hour monitoring per- 
iod. It also calls out specific morphol- 
ogies that require your review. 

Since rhythm strip and summary re- 
port are both time-stamped, it's easy for 
you to compare both documents and 
verify the data. Together, the strip chart 
and summary report provide you with all 
the visual and quantitative data you need 
to make an in-depth diagnosis. 

In addition, the rhythm strip record 
and summary report can be used as a 
basis for comparison with follow-up 
rhythm strips and reports in order to 
determine patient progress and to eval- 
uate methods of treatment. 
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Review results at your convenience 
or begin treatment immediately 
h when it’s called for. 
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No need to wait days for Holter results. 


The AEGIS System gives you all the data 
you need to make a sound diagnosis 
right in your office. Instead of waiting a 
day or more for results, you get them 
when you need them—a most impor- 
tant plus when dealing with patients for 
whom further diagnostic testing is sus- 
pected or must be scheduled. In short, 
you fit the AEGIS System to your 
schedule. 


The system validates itself— 
no need for repeat studies due to 
“lost” data or faulty equipment. 





LED display 
alerts you to system 
or procedure problems. 





AEGIS overcomes the problems of in- 
terference or artifacts overcoming accu- 
rate analysis. AEGIS automatically 
senses when artifacts are overwhelming 
the usefulness of information, and 
switches to the other lead signal for 
processing. Thus, there's no need for 
retakes due to artifacts. 
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In addition, self-diagnostic checks are 
built into the Real Time Analyzer and the 
Report Generator so you can verify all 
system operations from patient hook-up 
to report generation. No more invalid 
studies due to malfunctioning recorders, — 
weak batteries or over-used tapes. — 
AEGIS is the only completely self-vali- 
dating system. 


No need to hire specially 
trained operators. 


The AEGIS System is totally self-con- 
tained and so easy to use, it requires no 
dependence on specially trained per- 
sonnel in or out of your office. 

Patient hook-up to the Real Time 
Analyzer is identical to that of traditional 
Holter ECG monitoring systems. And 
the Report Generator is so automatic 
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that once the cassette tape is inserted 
and the printout process is started, it | 
requires no operator attendance. | 

Takes up no more space g 


than a desk-top copier. 


The AEGIS System fits easily into any 
office practice. The Real Time Analyzer 
is approximately the same size as 
other ambulatory monitoring units , 
and the compact Report Gen- Zs) 
erator requires only about four ELi 
square feet of counter space. i 
AEGIS is protected against 
obsolescence, too. As new 
software devel- 
opments and 
technological 
advances are w 
made, the AEGIS <= 
System can be Fits 
inexpensively compactly 
updated. into any office. 
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in Holter studies, 
one system gives 
you the data yow’re 
used to setting 
ein your hands...in your office 
ooo in minutes. 
Without a specially trained operator 
e Provides the same clinical e Puts the contro! of evaluating Holter 


information as a scanning studies directly into your 
service—with none of hands. Provides time- 





the drawbacks. stamped rhythm strip and 
e Replaces the high- summary report for your 
speed scanner and confirmation. 


e System validates 
itself—no need for 
repeat studies due 


technician — brings 
those activities into your 
office. More convenient. 


More efficient. to “lost” data or faulty 
e Analyzes each heartbeat as it occurs; counts equipment. 
and categorizes arrhythmias in real time. e Fits easily into any office. 


For a 15-minute, 
no obligation demonstration 
of AEGIS in your office, 
call toll-free: 800-257-5750 


THE LOGICAL ALTERNATIVE 
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strengths 
for ease 
of titration. 


Two added 





The new 5 cm? size. 

Nitro-Dur™ (nitroglycerin) is the only transdermal 
nitroglycerin with four dosage strengths—5, 10, 15 and 
20 cm? (approximately 2.5 mg, 5 mg, 7.5 mg and 10 mg 
released in 24 hours), permitting titration in increments 
of 5 cm. This gives Nitro-Dur greater dosage flexibility 
than any other form of transdermal nitroglycerin. 

Nitro-Dur also has a sophisticated product design 
which includes a wide, microporous adhesive strip. 
The strip insures firm matrix-to-skin contact and helps 
keep the system sealed and in place. 

Greater dosage flexibility and better adhesion. Two 
reasons why Nitro-Dur is the most widely prescribed 
transdermal nitroglycerin system. 


Nitro-Dur 


(nitroglycerin) 


Transdermal Infusion System 


The most widely prescribed 
transdermal nitroglycerin system. 


Please see next page for a summary of prescribing information 


i oraal Infusion Syst m 

The most widely iii 
prescribed transdermal | 
nitroglycerin system. 


DESCRIPTION: The Nitro-Dur Transdermal Infusion Sys- 
tem contains nitroglycerin in a gel-like matrix composed 
of glycerin, water (purified), lactose, polyvinyl alcohol, 
povidone and sodium citrate to provide a continuous 
source of the active ingredient. Nitro-Dur is available 

in dosage sizes Scm?, 10cm?, 15cm? and 20cm?, 
containing 26 mg, 51 mg, 77 mg and 104 mg of _ 
nitroglycerin, respectively, thereby providing precise 
dosing levels of nitroglycerin. Nitro-Dur has a rated 
release in vivo of approximately 0.5mg/cm?/24 hours. 
Each unit is sealed ina polyester el lene lami- 
nate. The bandage portion consists of a medical grade 
non-woven, heat sealable, microporous tape. 


CLINICAL PHARMACOLOGY: When the Nitro-Dur sys- 
tem is applied to the skin, nitroglycerin is absorbed 
continuously through the skin into the systemic circula- 
tion. This results in active drug reaching the target 
organs (heart, extremities) before deactivation by the 
liver. Nitroglycerin is a smooth muscle relaxant with 
vascular effects manifested predominantly by venous 
dilation and pooling. The major beneficial-effect of 
nitroglycerin in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to vascular smooth 
muscle relaxation with resultant reduction in cardiac 
preload and afterload. In recent years there has been an 
increasing recognition of a direct vasodilator effect of 
nitroglycerin on the coronary vessels. 

in bioavailability studies,‘ transdermal absorption of 
nitroglycerin from the gel-like matrix achieved stead 
state venous pasma levels comparable to that of sub- 
lingual nitroglycerin and maintained these levels for 24 
hours. Therapeutic effect is achieved within 30 minutes 
after application of the unit, and persists about 30 
minutes after removal of the unit. 


INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 


CONTRAINDICATIONS: intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
or increased intracranial pressure. 


WARNINGS: The Nitro-Dur Seten snaui be used under 
careful clinical and/or hemodynamic monitoring in pa- 
tients with acute myocardial infarction or congestive 
heart failure, 

In terminating treatment of angina patients, both the 
dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to prevent 
_ Sudden withdrawal reactions, which are characteristic of 
all vasodilators.in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, suchas _ 
faintness, weakness or dizziness, particularly orthostatic 
hypotension, may be due to overdosage. If during the 
course of treatment these symptoms occur, the dosage 
should be reduced, 

Nitro-Dur is not intended for use in the treatment of 
acute anginal attacks. For this purpose, occasional use 
of sublingual nitroglycerin may be necessary. 


ADVERSE REACTIONS: Transient headache is the most 
common side effect, especially when higher doses of the 
drug are administered. Headaches should be treated with 
- miid analgesics while continuing Nitro-Dur therapy, If head- 
ache persists, the Nitro-Dur dosage should be reduced. 
Adverse reactions reported iess frequently include 
hypotension, increased. heart rate, faintness, flushing, 
dizziness, nausea, vomiting, and dermatitis. Except for 
dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 
Nitro-Dur dosage should be reduced or use of the 
product discontinued. 


HOW SUPPLIED: Nitro-Dur Transdermal infusion System, 

= emê, 10cm?, t5em? and 20cm?, is available in unit 

.. dose packages of 28, 

© CAUTION; Federal law prohibits dispensing without a 
“prescription. 

PATIENT INSTRUCTIONS FOR APPLICATION: Patient 

instructions are furnished with each unit dose package. 
For complete prescribing information, please see 

package insert. 

‘Data on file: Key Pharmaceuticals, Inc. 1082 
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Cardiac 
Bioprostheses 


Proceedings of the Second International Symposi 
Rome, Italy, May 17-19, 1982 > 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci MD 
ISBN 0-914316-34-6, 609 pp., illus., Nov. 1982., $65.00 = ai 
An international program committee organized this symposium 
on a strictly competitive abstract basis, It was held less than six. 
months-ago, One-hundred-eighty abstracts were submitted and 

45 in 8 categories were accepted. Virtually every major care > 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was. represented. 
Nowhere will you find between two covers as much current in- 
formation on the field of cardiac valves. : ae 


Almost 20 years have gone by. since the first reports of: 
homograft valve:replacement by Drs. Donald. Ross ar 
Barrait-Boyes and almost 10 years since the first reports began 
appear about commercially available, quality-controlled porcine 
bioprosthetic and bovine pericardial valves. This book bri 

you completely up-to-date on what has happened since ar 

is happening today. į 

If your interests include the clinical, pathological anc 
engineering aspects of cardiac bioprostheses then this book is 
must buy! It should not be missing from your own profession. 
library. co = 


Who are the editors? ee 

Lawrence H. Cohn, MD, is Professor of Surgery, | 

Medical School, and Cardiothoracic Surgeon, Brigh f 
Womens’ Hospital. He is the author of Modern Techniques : 
Surgery and co-author of the new annual, Cardiology, now -- 
available in its second issue, Cardiology 1982. hide 
Vincenzo Gallucci, MD, is Professor of Cardiovascular Surge 
Departments of Cardiovascular Surgery and Cardiology, Unive 
sity of Padova Medical School, Padova, Italy., : 


* Section 1 CLINICAL ANALYSIS | 
HEMODYNAMICS »* Section 3 THROMBOE: 
tion 4 PEDIATRIC VALVE REPLACEME} 
PERIMENTAL PATHOLOGY + Secti 


ING * Section 8 LONG-TERM FOLLOW-UP * Se 
MING UP * AUTHOR INDEX * SUBJECT IN 
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Yorke pays postage (same return priv: 
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inerability of Patients With Obstructive Hypertrophic 
ardiomyopathy to Ventricular Arrnyrema Induction 
Operating Room 


alysis of 17 Patients 


LLEY P. ANDERSON, MD, “EDWARD B. STINSON, MD, GERALDINE C. DERBY, PN, 
IP Ẹ OYER, MD, and JAY W. MASON, MD 


a uate vulnerability to ventricular arrhythmia 
ion, programmed electrical stimulation was 
ed in the operating room in 17 consecutive 
indergoing myotomy-myectomy for ob- 
hypertrophic cardiomyopathy (HC). A 
jroup of 5 patients undergoing coronary 
ass grafting with normal left ventricular 

10 previous myocardial infarction also 

‘the 17 patients with HC, 14 had in- 

tained ventricular tachycardia (VT) or 

ar fibrillation (VF), 1 had inducible unsus- 
nd the p remaining 2 had <6 ventricular 


$ with. hypertrophic cardiomyopathy 
idden, >? but the mechanism is un- 

s. Ventricular tachyarrhythmias are 
tiologic possibility; unsustained ventric- 
ardia (VT). detected on ambulatory elec- 
‘aphy has been associated with subsequent 
or cardiac arrest.>-6 Programmed elec- 
the heart has been used to diagnose 

mias in patients with syncope or car- 
known cause.’-? No systematic study 
ction in patients with HC has been 

med programmed electrical stim- 

ting room in patients undergoing 

ny for obstructive HC in order to 


ythmia Study Unit and the Department of Car- 

ord University School of Medicine, Stanford, 

Research Fellow of the American Heart 

liate, Burlingame, California. Dr. Mason is 

t of American Heart Association, Dallas, 
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1982. 


beats. In contrast, none of the 5 control patients h 
an inducible sustained ventricular arrhythmia, 1h 
inducible unsustained VT, and the remaining 4 h 
<3 ventricular beats. The difference between th 
2 groups with respect to induction of a sustaine 
ventricular arrhythmia, unsustained VT or <6 v 
tricular beats was significant (p <0.001). It is ci 
cluded that patients with severe obstructive HC 
unusually vulnerable to ventricular arrhythmi 
duction. This suggests that spontaneous venirii 
tachyarrhythmias may be an important cause 
sudden death in patients with HC. 


safely evaluate their vulnerability to ventricular 
rhythmia induction. We compared findings in th 
patients with those in a control group without HC. 


Methods 


The study group.consisted of 17 consecutive patients wh 
underwent myotomy-myectomy for obstructive HC at St 
ford University Hospital between January 1, 1981 and J 
1, 1982. The diagnosis was based on typical clinical: chal 
teristics! and on at least.2 of the following echocardiographi 
and hemodynamic features: a ventricular septal to left 
tricular posterior free wall thickness ratio 21.3, systo 
terior motion of the anterior leaflet of the mitral va 
pressure gradient at rest across the left ventricular 
tract 230 mm Hg, and a provocable left ventricular 
tract gradient 260 mm Hg. The diagnosis was supporte 
the time of operation by the presence of a hypertrophic septa 
ridge arid a septal endocardial plaque in all patients. Th 
presence or absence of myocardial fiber disarray. was note: 
during pathologic examination of the resected septal t 
Other causes of myocardial hyertrophy and left ver 
outflow obstruction were excluded by preoperative e vi 
and intraoperative inspection. ; ‘ 

The control group consisted of 5 patients who u 7 











rocardiogram. at rest, 
istory of myocardial infarction or ventricular arrhythmias, 
no family history of sudden death or hypertrophic cardio- 
1yopathy, and no-evidence of valvular disease. The protocol 
was approved by the Standard University Medical Committee 
for Human Subjects in Research and informed written consent 
as obtained, 

‘he patients were maintained on their chronically pre- 
ribed medications until operation. The patients were pre- 
dicated with scopolamine and diazepam or morphine sul- 
or all 3. Pancuronium bromide was the muscle relaxant 
n all cases. Fentanyl or hydromorphone hydro- 
ide was used for general anesthesia. When necessary, a 
olatile agent (enflurane, halothane, or isoflurane) was added. 
‘he heart was exposed using a midline sternotomy and the 
mation ofa pericardial cradle. After systemic hepariniza- 
ion the superior and inferior venae cavae were cannulated 
hrough the lateral right atrium. The distal ascending aorta 
jas cannulated and appropriate connections to the pump 
genator were made. A quadripolar electrode plaque was 
ured to the anterior right ventricular epicardium. An 
ctronics for Medicine VR16 and an Ampex PR2200 were 
sed for continuous display and recording of the epicardial 
lectrograms and 6 surface electrocardiograms. A WPI pro- 
ramable stimulator was used to deliver rectangular pulses 
ith a duration of 2 ms and current-2 to 4 times diastolic 
hreshold. Stimulation was performed before the initiation 
f cardiopulmonary bypass. 

_An identical stimulation protocol was.used for all patients. 
he steps described were followed until a tachyarrhythmia 
as induced. A single ventricular extrastimulus (V2) was 
laced in late diastole after every eighth spontaneous beat and 
rought closer by 20 ms decrements until the refractory period 
he spontaneous beat was reached, With Vz just outside the 
actory period of the spontaneous beat, a second ventricular 
stimulus (V3) was applied 360 ms after V2 and brought 
gressively closer until the refractory period of Vo was 
ached. Ventricular pacing was then begun at 100 beats/min 
da a ventricular extrastimulus (V2) placed 360 ms after every 
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4 F parnoiphic varitriGula tachycardia. A ght 
til, aVL, and avF, anda pon 


normal left ventricular angiogram, no, eighth ventricular paced beat Vi. ‘The Vi-Ve interval W 







progressively reduced by 20 ms until the V3 stimulus no longe: 
captured the ventricles. The V,-Vs interval was then increas 
by 10 ms intervals until ventricular capture was obtained’ to 
define the right ventricular refractory period during ven- 
tricular pacing. The pacing rate was increased to 120, 140, and 
150 beats/min. At each rate the V,-V> interval was decreased oe 

until ventricular capture no longer occurred. The pacing rate 
was then decreased to 100 beats/min, V2 placed just outside 
the refractory period of Vi, and Vs added at about 360 ms afte 
and brought progressively closer to Vo. The pacing rate was 
again increased to 120, 140, and 150 beats/min, and at each 
rate V,-V»-V3 stimulation was carried out to the minima 
obtainable V,-V2 and V2-V3 intervals. The same process 
performed with a third ventricular extrastimulus (Va) S0 
Vi-Və-V3-V4 stimulation was carried out at the minimal 
tervals at each pacing rate, Interstimulus intervals <200 m; 
were not used. If a ventricular arrhythmia lasting at least 5 
seconds was not induced with the foregoing measures, 10 to 
20 beat bursts of rapid ventricular pacing were performed : 
beginning at a rate of 200 beats/min, which was progressively _ 
increased until 1 to 1 capture of the ventricles was no longer _ 
obtained. If a ventricular tachyarrhythmia was not induced 
the experiment was terminated. In the first 6 study patients 
the stimulation protocol differed slightly in that a third e 
trastimulus was applied during the patient's, spontan y 
rhythm. 

When a ventricular arrhythmia lasting at least 5 secon 
was induced, normothermic cardiopulmonary bypass ¥ 
immediately instituted. If the arrhythmia terminated spo 
taneously during this period (5 patients), reinduction vas 
attempted during circulatory support using the same st 
lation program. In 4 additional cases the arrhythn 
terminated by a single countershock and reinductio: 
tempted using the same stimulation program during 
pass. 

VT was defined as =6 consecutive ventricular beats. 
unsustained if it terminated spontaneously. in <15 secon 
Sustained VT lasted >15 seconds. Pleomorphic yr WAS c 







































































URE | 2. Ventricular fibrillation. Same leads as in Figure 1. Three ventricular extrastimuli: (Vo, Va; and Va) applied during ventricular | pacing 
ventricular fibrillation with continuously changing QRS morphology and fragmentation of the right ventricular electrograma The re ral 


00 beats/min. Abbreviations as in Figure 1. 


VT with n changing QRS morphology, a 
ess than 300 beats/min, and discrete right ventricular 
(Fig. 1). Ventricular fibrillation (VF) was defined 
ntricular rhythm with continuously changing QRS 
logy, a rate 2300: beats/min, and fragmentation of the 
icular electrograms (Fig. 2). 


ic al, -echocardiographic, hemodynamic, 
aracteristics of the patients with HC 


are listed in Table I. The group consisted of 6 mena 
11 women with a mean age of 46 years. Dyspnea was 
most common presenting complaint, followed by che 
pain. One patient had suffered a cardiac arrest an 
others had a history of syncope. All but 2 patie 
demonstrated systolic anterior motion of the ante 
leaflet of the mitral valve. Five of 6 patients wh 
septal to posterior left ventricular free wall thic 
ratios <1.3, had diastolic ventricular septal wall t 
nesses >20 mm. A hypertrophic ridge with endocar 
fibrosis was noted at operation in all patients. Myocyte 
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‘TABLE ll Ventricular Arrhythmia Induction _ 












































Beas Patients (n) With Patients (n) With 
-oe Induced Ventricular Hypertrophic Coronary 
7 Arrhythmia Cardiomyopathy Disease 
Sustained VT or VF 14 0 
Unsustained VT 2 1 
‘Less than 6 VB 1 4 
_ VB = ventricular beats; VF = ventricular fibrillation; VT = ventricular 


chycardia. 


isarray was noted in the resected tissue of 10 of 14 
atients. Histologic examination was not performed in 
patients. 

‘The 5 control patients consisted of 4 men and 1 
oman with a mean age of 56 years. The chief complaint 
was chest pain in all. All had >70% stenoses of the left 
anterior descending and right coronary arteries, and all 
but 1 had >70% stenosis of the left circumflex artery or 
1 of its major branches. 

In-14 of the 17 patients with hypertrophic cardio- 
yopathy sustained, rapid, pleomorphic VT (9 pa- 
ents) or VF (5 patients) was induced (Table II). In 3 
f these 14 patients a sustained ventricular arrhythmia 
as induced with 2 ventricular extrastimuli during 
ventricular pacing. In the remaining 11 patients VT or 
VF was induced with 3 ventricular extrastimuli during 
nus rhythm or ventricular pacing. VF never termi- 
nated spontaneously. The rates of pleomorphic VT 
aried between 210 and 300 beats/min and there was 
often beat-to-beat cycle length variation. Pleomorphic 
T degenerated into VF within 2 to 15 seconds in 5 
patients. It lasted 6 to 14 seconds in the other 4 patients 
but terminated during the initiation of cardiopulmonary 
bypass. In each case the same stimulation program 
applied during circulatory support produced pleo- 
orphie VT which degenerated into VF. 

‘A sustained ventricular arrhythmia could not be in- 
duced i in 3 of 17 patients with HC. In 1 of these patients 
'T lasting 4 seconds was induced. In the other 2 pa- 
tients <5 consecutive ventricular beats were induced. 
‘These 2 patients (Cases 6 and 17, Table I) did not have 
any clinical, electrocardiographic, echocardiographic, 
or hemodynamic characteristics that distinguished 
hem from the other patients with HC. 

The stimulation protocol failed to induce a sustained 
entricular arrhythmia in all of the control patients. A 
5 beat run of unsustained VT was induced in 1 patient. 
ith a burst of rapid ventricular pacing at a rate of 250 
eats/min. No more than 2 ventricular beats were in- 
ced in the remaining 4 control patients. The differ- 
e in inducibility between the study and control 
‘oups was analyzed with respect to the arrhythmia 
tegories as shown in Table II: sustained ventricular 
chyarrhythmia, unsustained VT, and <6 ventricular 
beats. The difference was highly significant (p <0.001) 
using the Mann- Whitney U test. If the 6 patients with 
eae of Syncope or cardiac arrest are e excluded from 
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during ihe initiation of ae s are ind 


huded in then group onl 


with unsustained VT the difference i is s still significant a 
(p <0.005).. na 

There was no significant difference between the right oy 
ventricular refractory periods obtained during ven- 
tricular pacing at 100 beats/min in 14 patients with HC 
(mean + standard deviation 284 + 25) and the 5 control 
patients (274 + 15 ms). There was no significant dif- 
ference between the refractory periods of 13 patients (12 
study and 1 control) with inducible sustained or un- > 
sustained VT or VF (280 + 23 ms) and 6 patients (2 
ee and 4 control) without inducible VT or VF (283. 

+ 25 ms). The mean minimal V2-Vs interval obtained _ 
in the control patients with no inducible arrhythmia _ 
(207 + 4 ms) was lower than that obtained in the pa- 
tients with HC who had inducible sustained VT or VF 
(224 + 29 ms), but the difference was not significant. 
The minimal V3-V, intervals obtained in the control — 
patients (202 + 4 ms) were significantly lower than those 
obtained in the study group (218 + 18 ms, p <0.025) 
because arrhythmia induction occurred before refrac- A 
toriness in the study group. E 

Medications taken within 24 hours before operation 2 
in the patients: with HC included beta-adrenergic a 
blocking agents in 12, calcium antagonists in 2, a bet 
adrenergic blocking agent plus a calcium antagoni LL 
1, and no medications in 2. One of the patients wit! 
coronary artery disease was receiving a calcium antag 
onist plus a beta- adrenergic blocking agent, and the 
other 4 were receiving beta-adrenergic blocking agents. 
There was no association between arrhythmia induction _ 
and preoperative medications. Fentanyl was the pri- __ 
mary anesthetic agent in 12 patients with HC and 3 
patients with coronary artery disease. Hydromor ) 
hydrochloride was the primary agent in 5 study patients __ 
and 2 control patients. Nine patients with HC received __ 
supplemental anesthesia with enflurane and 5 with 
halothane, and 3 received no additional agents. Three 
of the patients with coronary artery disease received 
enflurane, 1 received halothane, and 1 received isoflu- 
rane. There was no association between anes 
agents and arrhythmia inducibility. 

To evaluate the effect of left ventricular o 
struction.on arrhythmia inducibility, defibri 
accomplished in 4 study patients in whom a 
arrhythmia had been induced and the 
program was reapplied during cardiopulmo 
which obviates the hemodynamic effects ¢ ok 
The arrhythmia was reinduced in each 


































































Discussion 


The incidence of sudden death is hig’ 
HC, roughly 2%/year.' It appears to be even hig 
younger patients.! Sudden death may be 1 
manifestation of HC in some patients.!! The me 
of sudden death is unknown in most fasts 
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tA resuscitation, 31119.20 but it has 
been possible to determine whether VF was the 
al event or a terminal phenomenon. In 2 patients 
1 HC and accessory pathways VT, which rapidly 
erated into VF, was the cause of death.!72! Lon- 
inal studies of patients with HC have demon- 
d an association between VT (23 consecutive 
ar beats) detected on ambulatory monitoring 
equent sudden death or cardiac arrest. The 
ance of this relation is tempered by the large 
er of patients with complex ventricular arrhyth- 
mias who did not have a catastrophic event. Maron et 
_ al? and McKenna and Goodwin? suggest that VT de- 
tected during monitoring may only be a marker of severe 
ase and that other coexisting variables may be 
necessary for a short run of consecutive ventricular 
beats to evolve into a terminal arrhythmia. 
The purpose of this investigation was to determine 
e vulnerability of patients with HC to ventricular 
1ythmia induction. The methods were similar to 
e routinely employed in the management of recur- 
VT in our hospital.” The study group consisted of 
ients referred for surgical management of obstructive 
and all patients were included whether or not 
s arrhythmias were suspected. In selecting the 
ntrol group an effort was made to reduce the potential 
cible arrhythmias by selecting patients with no 
ence of myocardial damage. 
entricular tachyarrhythmia was induced in 88% 
patients with HC and was sustained in all but 1 
ent. In 4 study patients the induced arrhythmia 
rminated within 15 seconds during the initiation of 
iopulmonary bypass. The sudden change in milieu 
rs when the pump prime perfuses the heart 
ricular afterload and coronary perfusion 
ase may have been responsible for the 
f these arrhythmias. Nevertheless, in each 
ed tachyarrhythmia was induced with the 
on program during bypass. None of the 
Jents had a sustained arrhythmia despite 
iulation. The difference in tachyarrhyth- 
ity between the study and control patients 
nificant. despite the small number of 
‘The difference in vulnerability could 
ed on the basis of preoperative medica- 
y still have been present in physiologi- 
atrations in some patients, or on the 
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42. McKenna wW Harris L, Deantield J Syncope i in hypertrophic 





A myocardial sleviSolivanlane abuotmaatien i in nt 
patients with HC seems the most likely explanatio 
their vulnerability to ventricular tachyarrhythmia in- 
duction. Other investigators have demonstrated ab. 
normal myocardial electrophysiologic propertie: 
patients with HC.?425 Koyanagi et al? recently sho’ 
an increased incidence of sudden cardiac death in ¢ 
with left ventricular hypertrophy subjected to 
artery occlusion. Aronson?’ demonstrated trig: 
automaticity in rat hypertrophic tissue. aera 

The unusual susceptibility to malignant ventrict 
tachyarrhythmia induction we observed suggests th 
electrophysiologic testing in some patients with HC m 
be hazardous. Reports of VF resulting in death durin 
the electrophysiologic evaluation of accessory pathwa: 
in 2 patients with HC support this contention.!77! 

Our patients with HC had symptoms and obstructi 
severe enough to warrant surgery. Therefore our resu 
may not be applicable to patients with less seve 
symptoms. 

The extension of findings obtained in the operatin 
room to the “normal” awake state requires caution 
Also, the significance of inducible ventricular tachya 
rhythmias in subjects without previous spontaneou 
tachyarrhythmias is not fully known. However, tach 
arrhythmia inducibility and noninducibility m anes 
thetized patients has correlated well with previous and 
subsequent spontaneous ventricular tachyarrhyth- 
mias.” Furthermore, the inducibility of ventricular 
tachyarrhythmias has been found to predict future 
sudden death in patients after infarction without pre- 
vious tachyarrhythmias.29° Thus, our findings sugges 
that patients with severe, symptomatic obstructive H 
may be unusually vulnerable to spontaneous ventricular 
tachyarrhythmias. 
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Twenty-four normal subjects and 181 patients with 
rious cardiac disorders (36 autopsies) were 
udied by 2-dimensional echocardiography. In vitro 
shocardiographic studies were performed on 26 

6 autopsied hearts utilizing an ultrasonically 
metallic probe to correlate myocardial echo 
patterns with histopathologic features. All normal! 
sts and the majority of patients with ventricular 
ophy due to valvular or hypertensive lesions 
sd a uniformly speckled or an echolucent ap- 
e ol the myocardium (ope I texture). No 
























m ron pietei liye IA texture) or partly 
xture). However, this finding was non- 


imensional echocardiography has as- 
portant role in the identification and 
atients with various cardiac disorders.!? 
alue has depended to a large extent on 
he cardiac chamber ‘size, wall thickness, 
ty, and structural alterations in the 
tle emphasis has been placed on the 
evaluation of myocardial texture 
en attention was drawn to altered 
atterns i in cardiac amyloidosis* 4 and 
rophic subaortic stenosis. However, 
tematic 2-dimensional echocardio- 
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specific and was observed in many other conditions 
such as left heart hypoplastic syndrome (10 of 10 
hypertrophic cardiomyopathy (19 of 26), 
chronic renal failure (4 of 9). In the noninfiltrative 
group, HREs in the autopsied cases were show 
result from gross fibrosis or endocardiofibroelastosis 
utilizing in vitro echocardiographic studies an 

metallic probe-guided biopsies, while HREs in the 
autopsied cases with cardiac amyloidosis could b 
correlated only with amyloid deposits since fibrosi - 
was absent. Larger HREs (>5 mm) presenting as 
broad patches or long linear echoes in the my 
cardium (type IIC texture) was seen in old my: 
cardial infarctions (9 of 21) and congestive ca 
diomyopathy (4 of 26) and were correlated w 
large areas of myocardial fibrosis. Two-dimension 
echocardiographic studies of myocardial texture 
help identify various infiltrative and degenerato 
processes in the heart. 































graphic analysis of alterations in the myocardial texture 
in various myocardial disorders has not been reported 
so far. 

With the use of 2-dimensional echocardiography: we 
report our findings on the echocardiographic analysis 
of myocardial texture in 24 normal subjects and 181 
patients (36 autopsies) with various cardiac disorders.® 
In addition, in vitro 2-dimensional echocardiographic 
studies were performed on 26 of 36 autopsied hearts ir 
an attempt to precisely correlate echo patterns: wit A 
local histopathologic changes.” ; 


Methods 


The study population was comprised of 205 tanidotaly v se- 
lected patients (41 children, 164 adults), all of whom were seen 
at Strong Memorial Hospital from 1980 to 1982, The clini 
and diagnostic profiles of these patients are summarized in 
Table I. Twenty-four normal subjects had no known disea 
and had normal findings on physical examination, electro- 
cardiography, and echocardiography. One hundred eighty-one 
patients had various cardiac disorders which met standa 
diagnostic criteria. Based on echocardiographic crite . 
ported Breviouslyy® a 55 patients had single « or biventricul ro 
































‘TABLE! Clinical Profile o 20 Patients- 

















; Disease Category: Mean 





























hypertrophy due to rheumatic heart disease (14 patients), 
bicuspid or degenerative aortic stenosis (17 patients), hy- 
< pertensive heart disease (7 patients), and congenital heart 
disease (17 patients) (uncomplicated ventricular hypertrophy 
group). 

Two-dimensional echocardiography was performed using 
a commercially available real-time wide angle (90°) me- 
“chanical sector scanner and a 3.0 or 5.0 mHz transducer 
(Advanced Technology Laboratories). Images were recorded 
n videotapes (Sanyo or Panasonic half-inch tapes) for later 








ventricles while only si 
3 myocardium haracterize type fic texture 


A= : adult; AMI = acute myocardial infarction; BVH = biventricular hypertrophy; CCM = congestive cardiomyopathy; CHF = = congestive hea 
a talluro; CMI = chronic myocardial infarction; CRF = chronic renal failure; HCM = hypertrophic cardiomyopathy; LHH = left heart nepopiens syndrome 
= pediatric; SAM = systolic anterior motion; UVH = uncomplicated single/biventricular hypertrophy. T 





















Patients (n) “Age (yr) Comments Autopsy ae 
1. Normal 24 (19A, 5P) 28 No known disease oe 
2. UVH 55 (40A, 15P) 43 5 BVH (moderate) 44 LVH, 5 RVH (mild 20, moderate 11, severe 18) 12 
i Bu CRF 9 (BA, 1P) 50 9.LVH (3 moderate, 6 severe) all on maintenarice dialysis 3 
A. CCM 26 (24A, 2P) 52 No valvular or coronary disease Bes, 
y HOM 26 (23A, 3P) 52 Resting SAMs and ASH in all 2 oy 
| Ami a pon! 1P) Ra } History, cardiac enzymes and electrocardiographic changes in all kE 
8. Amyloidosis 7 (7A) 63 CHF in all, 5 had systemic. biopsy positivá for amyloid 2 
; ‘lompe’s disease 4 (4P) 0.5 CHF and skeletal muscle biopsy in all 
10.: Hemochromatosis 9 (9A) 55 CHF in 1, liver biopsy in all 
414. LHH 10 (10P) Newborn Systemic hypoperfusion in all 


analysis in real time or slow motion. Polaroid photogaohe 
were made of stop action frame images for illustrations. ee 
Standard echocardiographic examinations were performed 
with the patient in the supine and/or left lateral decubitus 
positions.!!° The instrumental gain settings were adjusted _ 
to obtain optimal images of the myocardial and valvular 
structures. All patient examinations were done using a 45 dB” 
logarithmic gray-scale curve (GSC) which is recommended by 
the manufacturer for routine echocardiographie studie This 
GSC assigns most of the available 8 gray shades to the low ; 









4. Schematic representation of the types of myocardial texture. Type | texture is: characterized bye a fine, speckled, nd amogene 
echolucent appearance of the myocardium. In both types IIA and lB texture, mi 
nand are separated from one another by lower-amplitude fine speckled echoes. iy 
me but not all walls are involved dn type iB texture. larger HREs presenting g as 





ultiple, small, and discrete HREs shown as dark eas are s 












sin for their better differentiation. Addi- 

lly echocardiographic i images were also studied using a 

35C (available in ATL model 850A), which assigns gray 

$ in a uniform manner regardless of range of echo signal 

rudes. An attempt was made to visualize all walls of both 

les in each patient by obtaining parasternal long- and 

rt -axis views, apical 4-chamber and 2-chamber views, and 
ubcostal views. 

irty-six hearts available for postmortem studies were 

d in a standard manner. Histopathologic studies were 

n multiple sections obtained routinely from both 


ecial stains were employed whenever endofibroelas- 

and infiltration with amyloid, mucopolysaccharide, or 

ron were suspected. The cut surfaces of the ventricles were 

cted for areas of gross fibrosis (visible to the naked 

ere subsequently confirmed by histologic study. 

histologic sections from. multiple sites were 

efully examined for the presence of interstitial or peri- 
cular fibrosis. 

vitro 2-dimensional echocardiography was performed 

spending the heart specimens or isolated slices of the 

cular- walls to a depth of 4 to.5 em in a water bath at 

Keeping the transducer at the water surface, multiple 


icle, wer : uid using 45.dB locarithimic and linear GSCs. 
in metallic probe which could be ultrasonically im- 
was advanced under echo control to identify and pene- 
as of the myocardium giving rise to different echo 
biopsies were taken along the probe to precisely 
cho patterns with histopathology. The contact 
n the tip of the metallic probe and the myocardium was 
sardiographically recognized by “dimpling” and motion 
yocardial surface as the probe touched it. 
he purposes of-our study, left ventricular hypertrophy 
based on diastolic left ventricular posterior wall 
ild (12 to 15mm), moderate (16 to 18 mm), or 
nm). Right ventricular hypertrophy was graded 
“right ventricular diaphragmatic wall 
(6 to8 mm), moderate (9 to 10 mm), or se- 
‘ocardial texture was evaluated in a qual- 
analyzing visual appearances of the ampli- 
distribution of echo signals reflected by the 
cular attention was paid to areas of very 
ractile echoes in the myocardium. Highly 
s were defined as echoes which persisted at 
enough to completely eliminate the adjacent 
t ventricular endo- or myocardial echoes. 
and distribution in the myocardium were 
schocardiographic planes obtained by 
sitions and angulations. All echocar- 
dently reviewed by 2 observers for the 
f HREs and their size and spatial dis- 
ium. All histopathologic sections were 
ts of the pathology department. 


Results 


isagreement in the interpretation of 
cho p: terns of all patients as studied by 


ture was s characterized bya 
arance of the myo- 


cho from the endo-. 


cardium and ae 
lung interface. The ! 


tients (as shown in at 2) and included a 
subjects, all patients with acute myocardial 
the majority of patients with uncomplicated v 
hypertrophy (Fig. 3) as well as congestive 
opathy, and some patients with chronic re 
systemic hemochromatosis, chronic m 


tem studies available in 15 patients with this text 
normal, 9 uncomplicated.ventricular hypertroph 


the ventricular myocardium (Fig. 4). Som 
however, had microscopic fibrosis in the 
dium. 

the presence of very brig or highly refractil 

in the myocardium. The visual differences 
HREs and the surrounding low amplitude echoes 
came more prominent when linear rather th 
logarithmic GSC was utilized. Based upon 
shape, and distribution of HREs in the myocarc 
subtypes were recognized as follows (Fig. 1): Type. 
All walls of 1 or both ventricles were involved wit 
multiple, small (3 to 5 mm), and discrete HREs 


NORMAL 
UVH 

CRF 
CCM 
HCM 
AMI 
CMI 
AMYLOI 


POMPE'S 


ative: i hove, CMI = ! peonic 
= chronic renal failure; HCM = = hypertro 





vy POT 
- Niger 
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FIGURE 3. Type | myocardial texture. Long-axis view of the left ventricle (LV) in a patient with left ventricular hypertrophy demonstrates a fine, 
speckled, and homogeneous appearance of the septal and posterior wall (PW) myocardium. Bright echoes are absent in the myocardium. The left 
ventricular posterior wall epicardium (EP) appears thicker and brighter than the endocardium (EN). The arrow represents a small posterior pericardial 
effusion space. AML = anterior mitral leaflet; AO = aorta; LA = left atrium; RV = right ventricle; VS = ventricular septum. 


latter were round or irregular in shape and were sepa- 
rated from one another by low amplitude echoes. Type 
ITB: One or more but not all walls of a ventricle or ven- 
tricles were involved with multiple HREs of charac- 
teristics similar to those in type IIA. Type IIC: The 
whole ventricular wall or a large localized segment (>5 
mm) of a ventricular wall presented a very bright or 
highly refractile appearance. Small and discrete HREs 
seen in types ITA and IIB were absent. 

Type IIA texture was observed in 20 patients as 
shown in Figure 2 and included all patients with 






UVH 
CRF 

No fibrosis , fibroelas tosis 
CCM or infiltration 

Microscopic fibrosis 
HCM Naked eye fibrosis 
CMI Amyloid 

4 Fibroelastosis 

AMYLOI 
LHH 


| FIGURE 4. Histopathologic findings in 36 autopsied patients. AMYLOI 


= amyloidosis; CCM = congestive cardiomyopathy; CMI = chronic 
myocardial infarction; CRF = chronic renal failure; HCM = hypertrophic 
cardiomyopathy; LHH = left heart hypoplastic syndrome; UVH = un- 
complicated ventricular hypertrophy. 


Pompe’s disease, all with left heart hypoplastic syn- 
drome, the majority of patients with cardiac amyloi- 
dosis, 1 adult with hypertrophic cardiomyopathy, and 
an infant with left ventricular hypertrophy secondary 
to aortic stenosis. In patients with cardiac amyloidosis 
and Pompe’s disease, HREs diffusely involved all walls 
of both ventricles which were markedly thickened (Fig. 
5); all of them had severe congestive heart failure. In 
other patients with this type of texture, HREs selec- 
tively involved left ventricular walls only. Postmortem 
studies demonstrated severe endofibroelastosis in the 
left ventricle of all 10 newborns with left heart hypo- 
plastic syndrome and in the infant with left ventricular 
hypertrophy. Both autopsied patients with amyloidosis 
had extensive myocardial deposits of amyloid in both 
ventricles with no associated fibrosis or calcification 
(Fig. 4.) 3 
Type IIB texture was seen in 37 patients as shown 
in Figure 2 and included the majority of patients with 
hypertrophic cardiomyopathy and some patients with 
cardiac amyloidosis, chronic renal failure, systemic 
hemochromatosis, and uncomplicated ventricular hy- 
pertrophy. In patients with hypertrophic cardiomyop- 
athy, HREs were seen in the ventricular septum alone 
in 15 (Fig. 6) and both ventricular septal and left ven- 
tricular posterior walls in 3. In patients with amyloidosis 
and type IIB texture, HREs were predominantly seen 
in the ventricular septum or posterior wall, or both, and 
all of them had moderate ventricular “hypertrophy” 
and well-compensated congestive heart failure. Post- 
mortem studies available in 3 patients with this texture 
(2 hypertrophic cardiomyopathy and 1 uncomplicated 
ventricular hypertrophy) demonstrated discrete areas 
of gross fibrosis without calcification in the left ven- 


SH ot < 7 


March 1, 1983 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 51 821 





FIGURE 5. Type IIA myocardial texture. Subcostal views. Multiple, discrete, and small HREs involve all walls of both ventricles in a patient with 
cardiac amyloidosis (left) and in another patient with Pompe’s disease (right). The ventricular walls are markedly thickened in both. Ao = aorta; 
LV = left ventricle; M = myocardium; PW = posterior wall; RV = right ventricle; VS = ventricular septum. 





FIGURE 6. Type IIB myocardial texture. Long-axis view. Multiple, discrete, and small HREs are seen in the ventricular septum (VS) of a patient with 
chronic renal failure and concentric left ventricular hypertrophy (left) and in another patient with hypertrophic cardiomyopathy and asymmetrical 
septal hypertrophy (right). The left ventricular posterior wall (PW) is uninvolved in both and presents an echolucent (left) and fine speckled appearance 
(right). AML = anterior mitral leaflet; Ao = aorta; LA = = left atrium, RV = right ventricle. 
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tricular myocardium, corresponding in location to those 
of HREs seen in in vivo echocardiographic studies (Fig. 
4). 

Type IIC texture was observed in 15 patients as 
shown in Figure 2 and included about half of the pa- 
tients with chronic myocardial infarction, some patients 
with congestive cardiomyopathy, an adult patient with 
chronic-renal failure and an infant with uncomplicated 





E FIGURE 7. Type IIC myocardial texture. Top and middle, the oblique 

__ short-axis views of the left ventricle (LV) in a patient with congestive 

| Cardiomyopathy demonstrate very bright, long, linear thick echoes 
(single arrows) in the posterior wall (PW) myocardium and in the ven- 
tricular septum (VS), which were shown to be due to gross fibrosis 
without any calcification at subsequent autopsy. Bottom, the distal 

| ventricular septum seen in long-axis view in this patient with old an- 

__ teroseptal myocardial infarct is virtually replaced by a bright long linear 

__ thick echo (double arrows) consistent with scar tissue. Other abbre- 
viations as before. 


ventricular hypertrophy. Bright long linear echoes (25 
to 42 mm long, 4 to 8 mm broad) were visualized in the 
mid and distal ventricular septum virtually replacing 
the normal myocardium in 4 of 7 patients with antero- 
septal infarcts (Fig. 7). Similar echoes were also noted 
in the posterior wall in 2 of 6 patients with postero- 
inferior infarcts and in the anterior wall of 1 of 8 patients 
with anterolateral infarcts. In 1 patient with congestive 
cardiomyopathy, bright long linear echoes were seen 
involving the ventricular septum (44 mm X 5 mm) as 
well as the left ventricular posterior wall (33 mm X 6 
mm) (Fig. 7). The inner third of the papillary muscles 
as visualized in the left ventricular long-axis view pre- 
sented a uniformly bright or hyperrefractile appearance 
in 2 patients with prior myocardial infarction and 3 
patients with congestive cardiomyopathy. All of them 
had systolic mitral regurgitant murmurs suggestive of 
papillary muscle dysfunction. Another infant with bi- 
ventricular hypertrophy secondary to double-outlet 
right ventricle also demonstrated a similar appearance 
of the papillary muscle. In 1 patient with chronic renal 
failure, the whole ventricular septum presented a uni- 
formly hyperrefractile appearance which persisted in 
all echocardiographic views. Postmortem studies 
available in 5 cases with this type of texture demon- 
strated areas of large macroscopic fibrosis without cal- 
cification involving the myocardium (1 congestive car- 
diomyopathy, 1 chronic renal failure) or papillary 
muscles (2 chronic myocardial infarction, 1 double- 
outlet right ventricle) (Fig. 4). 

Myocardial echo patterns obtained from in vitro 
echocardiographic studies performed on 26 hearts were 
found similar in appearance to in vivo echo patterns in 
all cases. In vitro 2-dimensional echocardiographic 
studies were used to correlate areas of ultrasonic hyp- 
erreflectivity in the myocardium with histopathologic 
features by means of metallic probe-guided tissue 
biopsies. Areas of hyperreflectivity were shown to cor- 
relate with amyloid deposits (2 hearts with amyloidosis), 
endofibroelastosis (2 hearts with left heart hypoplastic 
syndrome, 1 with aortic stenosis), and naked eye fibrosis 
(2 hypertrophic cardiomyopathy, 1 chronic renal failure, 
1 congestive cardiomyopathy, 1 double-outlet right 
ventricle, 2 chronic myocardial infarction) (Fig. 8). The 
remaining 14 hearts (2 normal, 9 uncomplicated ven- À 
tricular hypertrophy, 2 chronic renal failure, 1 conges- 
tive cardiomyopathy) demonstrated a fine, speckléd, 
and uniform appearance with no HREs; none had 
macroscopic fibrosis, calcification, endofibroelastosis, 
or infiltrative pathology. 


Discussion 


Previous 2-dimensional echocardiographic studies 
have demonstrated altered myocardial echo patterns 
in patients with idiopathic hypertrophic subaortic 
stenosis,’ cardiac amyloidosis, and coronary artery 
disease.!!12 Martin et alë reported a “ground glass 
texture” of the proximal ventricular septum in patients 
with idiopathic hypertrophic subaortic stenosis,> but 
the specificity or etiology of this finding was not de- 
termined. Chiaramida et al4 found “bright patchy 
echoes” in the myocardium of a patient with cardiac 





FIGURE 8. In vitro echocardiographic studies obtained by immersing 
parts of or whole heart specimens in a waterbath. Top, oblique short- 
axis*examination of a heart specimen from an autopsied patient with 
congestive cardiomyopathy. The bright, long, linear thick echo (arrow) 
seen in the posterior wall (PW) myocardium (type IIC texture) was shown 
by a metallic probe-guided biopsy to be due to gross fibrosis. Note the 
similarities in shape and location of this finding to in vivo studies in this 
patient (Figure 7, top). Middle, in vitro echocardiographic examination 
of the ventricular septum (VS) obtained from an autopsied patient with 
cardiac amyloidosis. Note the presence of multiple, small, and discrete 
HREs within the ventricular septum. The arrow demonstrates the ul- 
trasonically visible-probe in contact with the ventricular septal surface. 
Biopsy samples taken along the probe revealed extensive amyloid 
deposits without fibrosis or calcification. Bottom, In vitro echocardio- 
graphic study of the hypertrophied left ventricular posterior wall obtained 
from an autopsied patient with chronic renal failure. An ultrasonically 
visible metallic probe (which was advanced under echomonitoring) is 
seen (arrow) at the junction between the relatively bright and the 
echolucent myocardial areas. Subsequent biopsies showed normal 
myocardium in the echolucent portion and extensive fibrosis in the bright 
area. 
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amyloidosis and considered this finding to be specific 
for this entity since such a pattern had not been de- 
tected by them previously in any other cardiac disorder. 
Siqueira-Filho et al? also described a similar echo pat- 
tern in 12 of 13 patients with cardiac amyloidosis. Other 
workers have described increased echogenicity of the 
myocardium associated with chronic myocardial in- 
farction!! and discrete echolucent zones in patients with 
acute myocardial infarction.!2 Although these prelim- . 
inary findings are encouraging, their diagnostic signif- 
icance and clinical applicability remain to be studied. 
Our results demonstrate that myocardial texture 
characterization by 2-dimensional echocardiography 
is useful in the evaluation of various myocardial disor- 
ders. The fine, speckled, and homogeneous, or echolu- 
cent appearance of the myocardium without HREs 
(type I texture) characterizes normal myocardium. 
Simple hypertrophy of the myocardium does not result 
in any visually recognizable alteration in the myocardial 
texture unless there is a severe degree of coexistent fi- 
brosis, endofibroelastosis, or infiltration with amyloid 
or glycogen. Highly refractile echoes in the myocardium 
(type II texture) may be observed in a wide variety of 
myocardial disorders (Fig. 2) and are, therefore, not 
specific for a single cardiac disease process. However, 
diffuse and extensive involvement of all walls of 1 or 
both ventricles with HREs (type IIA texture) was noted 
in a relatively small number of pediatric and adult 
conditions, namely left heart hypoplastic syndrome, 
Pompe’s disease, endofibroelastosis associated with 
left-sided cardiac anomalies, cardiac amyloidosis, and, 
rarely, hypertrophic cardiomyopathy. The first 3 dis- 
orders generally manifest in the newborn or first few 
years of life and can be distinguished from one another 
by clinical and other echocardiographic features.13-!5 
Patients with hypertrophic cardiomyopathy rarely 
present with type IIA texture and HREs characteristi- 
cally involve the left ventricle only. Therefore, the 
presence of type ITA texture with involvement of both 
ventricles by HREs in an adult patient would be highly 
suggestive of cardiac amyloidosis. This finding enabled 
us to prospectively diagnose cardiac amyloidosis in 2 
patients with subsequent confirmation of the diagnosis 
at autopsy. However, some patients with cardiac amy- 
loidosis, especially those with mild to moderate biven- 
tricular hypertrophy and compensated congestive heart 
failure, demonstrated less generalized involvement of 
the myocardium with HREs (type IIB texture). The 
latter texture does not aid in the diagnosis of cardiac 
amyloidosis since it was observed in many other cardiac 
disorders such as hypertrophic cardiomyopathy, chronic 
renal failure, systemic hemochromatosis, and uncom- 
plicated ventricular hypertrophy. (Fig. 2) Bright long 
linear or broad patch-like echoes (type IIC texture) 
observed in the myocardium of patients with chronic 
myocardial infarction and congestive cardiomyopathy 
represented large areas of gross fibrosis on anatomical 
correlation. However, all areas of gross fibrosis may not 
always be identified echocardiographically. Unlike in 
the ventricular septum and posterior wall, many infarct 
scars in the anterior and inferior walls of the left ven- 
tricle were not identified, probably due to the inability 





through these walls. It would be even more unlikely for 
_ standard echocardiographic planes to traverse very 
- small areas of myocardial fibrosis, and this may explain 
our inability to echocardiographically detect micro- 
scopic fibrosis in any patient in this series. Myocardial 
calcification, though not found in any of our autopsied 
patients, would also be expected to produce HREs. 
Myocardial texture depends on spatial distribution 
nd amplitude of the echo signals reflected from its 
biologic interfaces.16-2! Fine, speckled, and homoge- 
neous appearance of the normal myocardium can be 
explained on the basis of low amplitude echo reflections 
from various myocardial components such as muscle 
fibers, capillaries, and collagen strands which present 
only small differences in acoustic impedances. Also, 
being irregular in shape and smaller in size than the 
wave lengths of the ultrasonic beam, they act as diffuse 
scatterers so that only a small percentage of the incident 
oustic energy is returned to the transducer, producing 
low-amplitude echo signals.!6!9 The markedly bright 
mage from the epicardium-lung interface can be at- 
ributed to the enormous acoustic impedance mismatch 
between heart muscle (1.65 to 1.74-108 kg m~2s~!)22 and 
lung (0.26 to 0.46-108 kg m~2s~!)22 and to the specular 
scho reflections from the relatively large and smooth 
»picardial surface. The proportional increase in the size 
f myocardial fibers and the capillary network in simple 
entricular hypertrophy”? would not be expected to 
ignificantly alter its acoustic impedance characteristics, 
and hence hypertrophied myocardium generally pre- 
ents an echocardiographic appearance similar to that 
normal myocardium (Fig. 3). 
Fibrosis is well known to give rise to high-amplitude 
choes due to marked acoustic impedance mismatch 
vith the adjoining soft tissue.2°2! This has been shown 
© be due to the high collagen content of the fibrous 
issue.”! Scar tissue also tends to act as a specular re- 
lector of ultrasound due to its relatively smooth surface 
and the horizontal orientation of the collagen bundles.!! 
ased on pathologic and in vitro echocardiographic 
tudies of autopsied patients in our series, HREs were 
hown to correlate with areas of naked eye fibrosis in 
atients with congestive cardiomyopathy, chronic 
yocardial infarction, chronic renal failure, hypertro- 
hic cardiomyopathy, and uncomplicated ventricular 
ypertrophy.”4 It is possible that myocardial fiber dis- 
rray in hypertrophic cardiomyopathy may be another 
portant contributing factor in the genesis of HREs 
ough neither of our 2 autopsied hearts with this 
order demonstrated fiber disarray in the regions of 
Es. Iron deposition in the myocardium of patients 
th systemic hemochromatosis has been shown to re- 
alt in reactive or degenerative fibrosis? which may 
xplain the occurrence of HREs in this disorder. En- 
ofibroelastosis seen in left heart hypoplastic syndrome 
nd glycogen deposition Pompe’s disease!4:!5 are asso- 
ated with considerable increase in collagen and elastin 
yntent of the myocardium and may account for the 
resence of HREs in these disorders. In cardiac amy- 
idosis, HREs appear to be directly related to amyloid 



















































of echocardiographic tomographic planes to pass 


examinations. The use of multiple GSCs 
acterization of myocardial texture has not. 


eposits in the myocardium since significant fibrosisor © ` ated so far in clinical settings. 





calcification is not associated.” HREs may be du 
specular reflections from multiple abnormal tissue in 
terfaces produced by large sheet-like deposits of am 
loid in the myocardium. oe 
Although ultrasonic properties of myocardial tissue a 
measured in vitro may change depending on time after- 
excision, temperature, and mode of preservatives,!9 we _ 
observed no significant differences between in vitro and _ 
in vivo myocardial echo patterns. Therefore, it wa 
possible for us to utilize in vitro echocardiographi 
technique to obtain precise histopathologic correlation : 
of specific myocardial echo patterns. This was achieved a 
by directing a metallic probe under echo monitoring to 
area of interest and taking tissue biopsies along it. For 
example, fibrotic areas in the myocardium could be 
identified as the source of HREs in contrast to the 
surrounding normal myocardium which gave rise to 
low-amplitude echoes (Fig. 8). eps 
Certain technical considerations and other limitations _ : 
need to be emphasized for myocardial texture charac- | 
terization by echocardiography. Because of the many 
variable factors, such as the thickness of the chest wall, 
the depth of cardiac structures from the transducer and a 
their orientation in relation to the ultrasonic beam di- 
rection, instrument gain as well as the time gain com- __ 
pensation curve require individual adjustments for _ 
examination of any given myocardial wall segment; a 
therefore, routine echocardiographic studies cannot be __ 
performed using any fixed gain settings. In our study, 
instrument gain settings were adjusted in each case so 
as to obtain an optimal visualization of the ndoca 
dium, myocardium, and epicardium. Increases in in- 
strument gain did not result in any significant change 
in the size of HREs unless gain was so high as to flood 
the oscilloscope images with noise signals. Sinc Es 
were defined by us as those which persisted at gain- 
settings low enough to completely eliminate the adja- 
cent left ventricular/right ventricular endocardial or _ 
myocardial echo signals, echoes which appeared bri 
only at very high gain settings were automaticall 
cluded from our study. Although we have no experien 
with other types of commercial echocardio 
struments which may use different echo sign 
cessing modes, investigators have been able 
HREs in the myocardium of patients wit 
yloidosis*‘ and idiopathic hypertrophic s 
nosis using echocardiographic instrumen 
from ours. Visual interpretation of myocar 
is qualitative in nature, but no difference 
in the interpretations of 2 indey 
Though myocardial tissue chara 
been attempted by complex quantitative n 
of acoustic properties of the normal ar 
myocardium,'®.!8.27.28 their advantage over qualit 
texture characterization has not been shown yet. Si 
no complex computerized measurements were 
this study, our results show that clinically 
formation can be obtained by carefully studyi 
myocardial texture during routine echo: 
































































conic the feasibility of cibine lumi- 
modulation and color coding as an alternative to 
ale display,29 its utility in myocardial texture 
acterization has not been systematically assessed. 
retically, the complex interaction of ultrasound 
the semirandomly distributed back scatterers in 
e myocardium can result in the erroneous production 
high- or low-amplitude echoes by mechanisms of 
-onstructive or destructive interference, respectively.'® 
ar, this does not introduce any significant errors 
tive tissue characterization. 

melusion, myocardial texture characterization 
imensional echocardiography is useful in the 
uation of myocardial infiltrative and degenerative 
cesses and in their differentiation from normal 
ocardium. Further prospective studies using large 
of patients and sophisticated equipment with 
vanced computer techniques for signal processing 
permit a more accurate appreciation of tissue- 

fic echocardiographic patterns. 
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WILLIAM B. HOOD, Jr., 


To determine the value of technetium-99m-pyro- 
phosphate myocardial scintigraphy in the diagnosis 
of amyloid heart disease this procedure was pro- 
spectively performed in 20 consecutive patients with 
‘biopsy-proven primary amyloidosis. Eleven patients 
had echocardiographic abnormalities. compatible 
with amyloid cardiomyopathy, 9 of whom had con- 
gestive heart failure. Diffuse myocardial pyro- 
phosphate uptake was of equal or greater intensity 
than that of the ribs in 9 of the 11 patients with 
echocardiograms suggestive of amyloidosis, but in 
only 2 of the 9 with normal echocardiograms, de- 
spite abnormal electrocardiograms (p <0.01). In- 
creased wall thickness measured by M-mode 







Generalized amyloidosis commonly involves the heart 
and may present as heart failure of obscure origin,! 
‘sometimes with features suggestive of hypertrophic 
cardiomyopathy or constrictive pericarditis. Several 
invasive and noninvasive methods have been described 
for the diagnosis of cardiac amyloidosis. These include 
cardiac catheterization,” 3 M-mode and 2-dimensional 
echocardiography,4 5 and combined electrocardio- 
graphic and echocardiographic criteria.® Although these 
studies aid in the diagnosis of amyloidosis, the number 
of patients studied is generally small, some studies were 
retrospective, and unequivocally diagnostic findings 
have not been documented. Recently there have been 
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In Diagnosing Cardiac Amyloidosis 
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echocardiography correlated with myocardial py- 
rophosphate uptake (r = 0.68, p <0.01). None of 10 
control patients with nonamyloid, nonischemic heart _ 
disease had a strongly positive myocardial pyro- 
phosphate uptake. ee 
Thus, myocardial technetium-99m-pyrophos- oe 
phate scanning is a sensitive and specific test forthe 
diagnosis of cardiac amyloidosis in patients with | 
congestive heart failure of obscure origin. It does not _ 
appear to be of value for the early detection of . 
cardiac involvement in patients with known primary _ 
amyloidosis without echocardlogranite abnor- Q 
malities. X 






reports of strongly positive technetium gytövhoaph 
scans in patients with cardiac amyloidosis.”-® All of _ 
these subjects had advanced cardiac involvement _ 
demonstrated by abnormal systolic time intervals, 
echocardiographic variables, or ejection fraction. Since _ 
patients with early or subclinical cardiac involvemen 
were not included, it is not known how early pyro 
phosphate scans become positive in the course of cardiac — 
amyloidosis. We therefore prospectively evaluated the 
role of technetium pyrophosphate senno 
tients with primary amyloidosis!’ and varyi 






































eate its valel in the early diagnosis òf myoc dial am- 
yloid infiltration. ; 


Methods 


The study population consisted of 20 
with amyloidosis. (mean age 58.7 + 8:8. 
Thorndike Memoria! Laboratory C 
of the Boston City Hospital hetwee 
1982 (Table I). All patients had amyloi 
plasma-cell dyscrasia (AL-amyloid).® T 
confirmed by observing the characteristic gree 1 bi 
after Congo red staining of biopsy tissue}! The 
cardiac ¢ amyloidosis was made if patients had 
amyloidosis in other tissues, cardiac sympto ec 
cardiographic and electrocardiographic features fipattble ny 
with amyloidosis. These include low voltage on the electro- 
cardiogram (QRS deflection <5 mm in any limb lead), cardiac ae 
the absence of hy- 
= appearance on 2- 
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= atrial fibrillation, LAH = eft anterior hemiblock; LPH = left posterior hemiblock; LVPW = left ventricular posterior wall; PYP = = pyrophosphate 


yht bundle branch block; 1 AVB = first degree atrioventricular block. 


tg! 
t 14 had. uncontrolled hypertension. 


*chocardiography.‘ In 4 patients, cardiac cath- 
he referring center had established the diag- 
irictive cardiomyopathy. 

d acomplete history and physical examina- 
jlogist (RHF), and a 12-lead electrocardiogram, 
‘M-mode echocardiogram. Eighteen patients 
sional echocardiogram. All patients un- 
fium-99m—pyrophosphate whole body scan. 
ardiography was performed with a commer- 
strument (Irex) and recorded with a multi- 
art recorder. at a paper speed of 50 mm/s. 
hic measurements were made in accordance 
dards of the American Society of Echocardiog- 
ensional echocardiography was performed 
trument using standard echocardiographic 
vere made on a Sony videotape recorder. 
ippearance of left ventricular walls* was 
uld be seen on a cross-sectional view of 

he level of the papillary muscles. 
yrophosphate scanning was performed 
Ci of radiopharmaceutical agent was 
tion into a peripheral vein. Three hours 
yere performed using either the Ohio 
de field. view camera or Raytheon cam- 
ined of the entire skeletal system, ei- 
pane or be a.“moving camera” whole 


aging time. the remainder of the exami- 
pleted. High resolution collimation was used 
ans were examined h a trained nuclear ra- 


diologist (VWL) and cardiac uptake was graded as: nega 
diffusely: positive, or locally positive using the follo 
grading system!*: 0 = negative scan; 1+ = equivocal upi 
by the heart; 2+ = definite uptake, intensity less than ribs 

= intensity equal to ribs but less than sternum; 4+ = intensi 
equal to or greater than the sternum. Assessment was a 
made of isotope uptake by other soft tissues which | 
normally take. up pyrophosphate (for example, live 
spleen). The physician reading the scans was aware of 
diagnosis of amyloidosis but was- unaware of the clinical stat 
of the patient with respect to specific organ involvement. 

On the basis of the history, clinical examination, elec 
cardiogram, and echocardiogram, patients were divided 
the following groups. (Table I): Group A—definite sym 
tomatic cardiac involvement (symptoms referable to the hea! 
abnormal electrocardiogram and echocardiographit 
compatible with amyloidosis, absence of other cardiac diso 
sufficient to explain symptoms); Group B—definite asy 
tomatic cardiac involvement (abnormal electrocardic 
thickened ventricular walls on echocardiogram, wit 
without granular sparkling appearance on 2-dimen 
echocardiography, with or without abnormal physic 
ings); Group C-—possible asymptomatic cardiac involver 
(low voltage electrocardiogram in the absence of echocard 
graphic abnormalities); and Group D—no cardiac iny hh 
ment (asymptomatic with normal tests). 

Control subjects: In order to determine the prevalen 
positive pyrophosphate scans in patients with nonischen 
heart disease, we reviewed the records of patients who 
derwent pyrophosphate : scanning at the Boston Cit 
between January 1978 and December 1980. Criteri 
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(OF _ FIGURE 1. Technetium-99m pyrophosphate scintigram of Patient 5. 
_ Note the intense pyrophosphate uptake outlining the left ventricular 
5: cavity. Left, left anterior oblique 45° view. Right, anterior view. 


K clusion were absence of acute or prior myocardial infarction 
__and a gated blood pool scan compatible with cardiomyopathy 
fee - without regional wall motion abnormalities. Five such patients 
p were identified, 4 with congestive cardiomyopathy and 1 with 
È hypertrophic cardiomyopathy. In addition, 5 patients with 
É nonischemic, nonamyloid heart disease prospectively un- 
_ derwent technetium pyrophosphate scanning. Two had con- 
| gestive cardiomyopathy, 1 had noncalcific constrictive peri- 
carditis, and 2 had hypertensive heart failure. The mean age 
__ of control subjects (56 + 10 years) did not differ statistically 
| from that of the amyloid patients. 
| All studies in control and amyloid patients were approved 
_ by the Human Studies Committee of the Boston City Hos- 
| pital. Statistical analysis of data was performed using the 
; Mann-Whitney U test for nonparametric data, Spearman’s 
bee rank correlation coefficient, and Fisher’s exact probability 
test. 


Results 


si 

| Clinical data on the 20 patients are detailed in Table 
k I. Nine of the 20 patients (Patients 1 to 9) were classified 
pi in Group A (definite, symptomatic involvement), 2 
_ (Patients 10 and 11) in Group B, 4 in Group C (Patients 
E 12 to 15), and 5 (Patients 16 to 20) in Group D. 
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Nine of the 11 patients with electrocardiographic and 
echocardiographic evidence of cardiac amyloidosis 
(Groups A and B) had strongly positive pyrophosphate 
scans (3+ or 4+) (Fig. 1). One patient (Case 9) had a 
negative pyrophosphate scan despite classical M-mode 
and 2-dimensional echocardiographic appearances of 
amyloidosis and recurrent episodes of congestive heart 
failure. One asymptomatic patient (Case 11) had clas- 
sical echocardiographic features of amyloid and a 2+ 
pyrophosphate scan. Of the 9 patients in Groups C and 
D, only 2 (Cases 16 and 20) had positive pyrophosphate 
scans (3+). Neither of these patients had any other 
evidence of myocardial amyloid involvement. A com- 
parison of Groups A and B with C and D revealed a 
significant relation between clinical and echocardio- 
graphic evidence of amyloid infiltration of the heart and 
a positive myocardial technetium pyrophosphate scan 
(p <0.05 by Fisher’s exact test). There was no correla- 
tion between the presence of low voltage alone and a 
positive scan. On the assumption that increased left 
ventricular wall thickness in these patients is related to 
amyloid infiltration, we analyzed the relation between 
echocardiographically measured wall thickness and scan 
positivity. Left ventricular posterior wall thickness was 
chosen as this was more accurately measured than 
septal thickness. No patient had asymmetric septal 
hypertrophy. There was a statistically significant rela- 
tion between these 2 variables (r = 0.68, p <0.01). This 
is illustrated graphically in Figure 2. There was also a 
significant relation between the presence of cardiac 
failure (Patients 1 to 9) and a left ventricular wall 
thickness >11 mm (p <0.02). 

Isotope uptake in other organs: Nine patients 
(Patients 4, 6, 7, 8, 10, 16, 18, 19, and 20) had isotope 
uptake in organs other than the heart. The liver was the 
most frequent site of uptake although uptake was oc- 
casionally seen in the spleen (Patients 7 and 18). 

Control subjects: Technetium pyrophosphate scans 
had negative findings in 9 of the 10 control subjects with 


FIGURE 2. Pyrophosphate (PYP) uptake (0 to 4+) plotted 
against left ventricular posterior wall (LVPW) thickness. 
Broken line indicates upper limit of normal for LVPW 
thickness. For PYP grading, see text. Patient 14 (Table 
I) was excluded from analysis because of a history of 
poorly controlled hypertension. LVPW thickness was 
chosen because it was more accurately measured than 
septal thickness. No patient had asymmetric septal hy- 
pertrophy. 
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loid heårt failure. One patient with severe 
gestive cardiomyopathy had a diffusely positive 
phosphate scan of 2+ intensity. This was associated 
1 positive linear isotope uptake in the femoral region, 
no hepatic uptake. No control patient had 3+ or 
iter cardiac uptake compared with 8 of the 9 amyloid 
atients with heart failure (p <0.005) and 11 of the total 
up (p <0.01). Isotope uptake in the liver or 
3 not seen in the 6 control patients in whom 
ing of these areas was performed. 

ubjects with congestive heart failure, the sensi- 
vity of a 3+ or 4+ isotope uptake for diagnosing am- 
_ yloidosis was 89%, the specificity 100%, and the pre- 
- dictive accuracy 100%. The latter 2 figures should be 
int rpreted with caution as they are based on a small 
trol group. 

Follow-up: During a.mean follow-up period of 14 
onths there were 7 deaths. In Group A there was 1 
den death (Patient 6) and 3 due to congestive heart 
ure (Patients 4, 7, and 8). The 3. remaining deaths 
due to stroke (Patient 14), hepatic failure (Patient 
), and renal failure (Patient 18). 








































Discussion 


nce its introduction on 1974,'!3 technetium pyro- 
hate scanning has been shown to be a highly 
indicator of myocardial necrosis in acute 
‘dial infarction. Initial enthusiasm for this test 
ecific diagnostic tool for acute infarction was 
pered when other entities such as unstable angina,!4 
cular aneurysm,! acute pericarditis,!® and 
is!" were shown to produce positive scan re- 
sither a diffuse or localized nature. 

tly, several reports have described avid myo- 
ophosphate uptake in patients with advanced 
myloidosis.’-° Wizenberg et al’ described 
with cardiac amyloidosis, 7 of whom had 
of congestive heart failure. Increased 
thickness measured by echocardi- 
t in all, and measurement of systolic 
egested left ventricular systolic dys- 
netium pyrophosphate scans were 
all 10 patients, but the investigators 
the general application of pyrophos- 
or the diagnosis of cardiac amyloidosis 
ter number of patients representing a wider 
the disease was examined. 

ately limited our report to patients 
amyloid, as this disease is associated 
sence of myocardial involvement in 
8 Although the initial manifestations 
ore of several organ systems (such as 
ous system, heart), clinical cardiac 
elops in the majority of cases and is 
eath in approximately 50% of pa- 
reasonable to assume that most pa- 
ie degree of myocardial amyloid in- 
i egardless of whether symptoms 
art disease are present. Our results confirm 
netium pyrophosphate scanning in 
th congestive heart due to amyloidosis (90% 
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sensitivity), but demonstrate that scans are rar 
positive in patients presenting with amyloidosis in other 
organs in whom no echocardiographic abnormalit: 
suggestive of myocardial infiltration can be demon 
strated. Although 4 asymptomatic patients (Patients 
12 to 15) demonstrated electrocardiographic abn 
malities suggestive of myocardial amyloid involveme 
pyrophosphate scans were negative in all, correspon 
to their normal echocardiograms. That positive 

cardial scans seem to depend in most cases on a cri 
mass of amyloid is demonstrated by the relation 
tween scan positivity and left ventricular wall thick: 
(Fig. 1). Although occasionally asymptomatic patien 
with normal wall thickness may have positive pyr 
phosphate scans (Patients 16 and 20), most demonstra 
no isotope uptake. 

The exact mechanism of pyrophosphate uptake 
amyloidosis remains unclear but is possibly related 
increased calcium concentration in amyloid-infiltra’ 
tissue, as studies of technetium pyrophosphate ha 
demonstrated a strong relation between tissue up 
and calcium accumulation.!® Amyloid fibrils in prit 
amyloidosis are composed of the N-terminal portii 
kappa or lambda light chains (or the occasional whe 
light chain), and have a cross-beta tertiary structure 
defined by x-ray diffraction studies, consisting of a hi 
percentage of acidic amino acids.2° Various seri 
proteins such as amyloid P-component and h 
clotting factors bind to amyloid by a calcium-depende: 
mechanism. Yood et al?° demonstrated an average 
cium content in amyloid infiltrated livers 37: tim 
greater than that of normal liver. Presumably, : asimil 
high concentration of calcium is present in hear 
heavily infiltrated with amyloid and is associated wi 
the binding of pyrophosphate. 

Eight patients in our series had pyrophosphate | u 
take by the liver. Four of these patients (Cases 4, 6, 
and 8) had congestive heart failure and the remaind 
had no cardiac symptoms. Hepatic uptake of techn e- 
tium isotopes is a rare finding, having been describec 
in metastatic disease to the liver?! and in isolated cas 
of amyloidosis.” Congestive heart failure per se does n 
cause hepatic pyrophosphate uptake and thus t 
finding of a positive hepatic and cardiac pyrophospha 
scan in an individual with an obscure cardiomyop 
is suggestive of amyloidosis. However, the presence 
cardiac uptake in the absence of hepatic uptake doe: 
militate against amyloidosis as demonstrated by se 
patients (Cases 1, 2, 3, and 5) in whom uptake wa 
calized to the heart. 

Because of the small number of patients in our co 
group, the specificity of pyrophosphate scanning in t 
differential diagnosis of amyloid from other ca 
diomyopathies cannot be definitively estimated; b 
appears to be high. It is striking that none of the control 
patients had scans equal in intensity to bone. The single 
control patient with a 2+ positive scan also had line: 
femoral isotope uptake, which has been shown to co 
relate with falsely positive myocardial scans, probab 
due to persistent blood pool imaging.”? Althou 
studies s apscifteally document technetium Pyro 

















































































hate uptake in nonamyloid cardiotnyopabhiy. it does 
appear that intense uptake is unusual. Duska et al?° 
tudied 5 adults with “nonobstructive” cardiomyopathy 
d found 2 with weakly positive scans and 1 with a 3+ 
diffuse scan. Scans were performed only 1 hour after 
injection of isotope, a period during which blood pool 
maging may occur due to persistence of the isotope in 
he circulation.22 It is also possible that the patient with 
strongly positive scan may indeed have had cardiac 
amyloidosis, as no detailed clinical data are given. 
erman et al?4 performed cardiac catheterization in 22 
atients with chest pain, positive pyrophosphate scans 
d no evidence of acute myocardial infarction. Six were 
ound to have cardiomyopathy (3 congestive and 3 
ionobstructive hypertrophic). Pyrophosphate uptake 
ras diffuse and of lesser intensity than bone in all. They 
uggest that the cause of this weakly positive scan in 
rdiomyopathy is due to persistent blood pool labell- 
ng, possibly related to the increased volume of blood 
na dilated ventricular cavity. This clearly differs from 
amyloid cardiomyopathy, in which the intense uptake 
ay ‘sharply delineate the walls of the heart leaving a 
pace in the center corresponding to the cavity (Fig. 1). 
hus it.appears that our finding of minimal or no py- 
ophosphate uptake in nonamyloid cardiomyopathy is 
onsistent with most such cases reported in the litera- 





There i is a paucity of data concerning the prevalence 
of positive myocardial pyrophosphate scans in con- 
strictive pericarditis—frequently clinically indistin- 
uishable from amyloid cardiomyopathy. In the only 
tudy to examine this, 1 of 3 patients with constrictive 
ericarditis had a diffusely positive pyrophosphate scan 
fan intensity equal to that of the ribs.!6 This patient 
had pericardial calcification, whereas the 2 patients with 
egative scans had no calcification. Our single control 
atient with noncalcific constrictive pericarditis also 
had a negative pyrophosphate scan. Thus it appears 
that in differentiating amyloid cardiomyopathy from 
onstrictive pericarditis, a positive technetium pyro- 
: phosphate scan would favor the former, providing no 
calcium is visible on x-ray examination. 

dInsummary, our data indicate that avid myocardial 
yrophosphate uptake is a sensitive indicator of cardiac 
amyloidosis. It is also highly specific, if only diffuse 
ptake equal to or greater than that of the ribs is con- 
idered positive. Although strongly positive scans have 
en described in patients with other disorders,!4-!" 
tandard noninvasive tests can usually easily differen- 
iate these disorders from amyloidosis. Since echocar- 
jiographic abnormalities in cardiac amyloidosis (for 
xample, increased wall thickness) are seen in other 
eases causing cardiac failure, the diagnosis may not 
e apparent from the echocardiogram alone. We thus 
lieve that pyrophosphate scanning is a very useful 
omplementary test to echocardiography. Technetium 
yrophosphate myocardial scans are most valuable in 
the patient with congestive heart failure and suspected 
ardiac amyloidosis but may occasionally be positive in 





yropbonphate scintigraphy does not appear to bea 


sensitive indicator of early myocardial involvement in 


asymptomatic patients even when echocardiograms and. 


1. 24, Berman DS, Amsterdam EA, Hines ‘HH, Salei AF, Bailey Gu, DeNardo GL, 
electrocardiograms are normal. However, myocardial 





the majority of asymptomatic patients with systemic 
amyloidosis. Such patients commonly have a negative | 
scan despite an abnormal electrocardiographic finding 
and despite the fact that at autopsy almost all will have 
evidence of myocardial amyloid infiltration. It should” 
be emphasized that these results apply only to patients. 
with primary amyloidosis and should not be extrapo- ` 
lated to other forms of the disease (AA or familial am- ` 
yloid polyneuropathy) as the different nature of amyloid 
protein in these disorders may differently affect pyro- 
phosphate binding.!° 
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Survival in Men With Severe Chronic Left Ventricular Failure : 
ue to Either Coronary Heart Disease or 
athic Dilated Cardiomyopathy 


: JOSEPH A. FRANCI OSA, MD, MARY WILEN, LPN, SUSAN ZIESCHE, RN, and 


; ie heart failure (CHF) is known to be highly 
ut to better assess efficacy of therapeutic 
ntions a greater understanding of its course 
uired. Previous studies of survival are limited 
terogeneity of patient populations and diverse 
ia for diagnosing CHF. We followed up 182 
nts with chronic left ventricular failure who 
ymptomatic despite therapy. The length of the 
v-up period averaged 12 + 10 (mean + stan- 
deviation [SD]) months (range 1 to 41). The 
CHF was coronary artery disease in 95 

its and idiopathic dilated cardiomyopathy in 
total of 88 deaths occurred, of which 40 
were sudden; the incidence of sudden death 
lar in patients with coronary artery disease 
pathic dilated cardiomyopathy. The overall 
was 34% at 1 year, 59% at 2 years, 

ears. The mortality rate in patients 

rtery disease was 46 and 69% at 1 

ipared with 23 and 48% at 1 and 


ailure is a highly fatal disorder with 
atë below. 50%, which is worse than 
cancer in general.! The efficacy of 
entions in heart failure is not easily 
stration of improved resting he- 
left ventricular function may not 
because such measurements do 
netional capacity of patients.23 


Divisions, Veterans Administration Medical 
f Minnesota, Minneapolis, Minnesota, and 


4 , MD, Cardiovascular Dis 


edical Sciences, 4501 
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2 years in those with idiopathic dilated cardiom 
opathy (p <0.01). Comparison of all survivors and 
nonsurvivors showed no difference in age or durati 

of symptoms at entry. Clinical class was significantly 
worse in nonsurvivors. Nonsurvivors had higher le 
ventricular filling pressure (29 + 7 versus 24. 

mm Hg) and systemic vascular resistance (25 + 10 
versus 21 + 8 units) (both p <0.01); they also had 
lower mean arterial pressure (87 + 13 versus 94 + 
13 mm Hg), cardiac index (2.0°+ 0.7 versus 2.5 + 
0.8 liters/min/m?), and stroke work (35 + 19 ve 

56 + 33 g-m) than did the survivors (all p <0.0: 
However, only left ventricular filling pressure was 
correlated with length of survival (r. = —0. 
<0.01). Thus, 3-year mortality is very high n pa- 
tients with severe chronic left ventricular failure. The 
prognosis is poorer in patients with CHF due to 
coronary artery disease and, as expected, in those 
with worse symptoms and hemodynamic abnor- 
malities. 


However, demonstration of increased exercise toleran 
in the laboratory may not necessarily be related to t 
symptomatic status or to the long-term prognosis 
patients. Thus, reductions in morbidity and mortali 
remain the most acceptable proof of therapeutic 
cacy. : 

To properly assess the results of clinical thera 
trials in heart failure, a more thorough understan 
of the course of this disorder is required. Several in- 
vestigators have noted relations between clinical char- 
acteristics, hemodynamics, measures of cardiac func- 
tion, and prognosis in patients with congestive heart 
failure (CHF).4-' However, epidemiologists have cr: 
icized many of these earlier reports because of their |. 
of uniformity in diagnostic criteria of CHF and 
tient populations." 

We have recently been evaluating new treat 


patients with chronic left ventricular failui | 
o myocatttial dysfunction. The present report 




























i2 is 
Duration of Follow-up (months) 


yur experience during the long-term follow-up of these 
patients after a thorough clinical and hemodynamic 
evaluation. All patients had symptoms despite therapy 
and were referred to a cardiologist for further manage- 
ment. Thus, our study invovies a relatively homoge- 
eous patient population in terms of the origin and se- 
_verity of CHF, and they were evaluated, managed, and 
‘ollowed up uniformly by the same team of clinical in- 
estigators. 


Methods 


- The patient population consisted of men admitted to the 
Veterans Administration Hospital in Minneapolis, Minnesota 
between October 1, 1974 and January 31, 1979, and to the 
eterans Administration Hospital in Philadelphia, Penn- 
ylvania between October 1, 1979, and October 31, 1981. They 
ere hospitalized or referred to the cardiology clinic because 
f ‘decompensated chronic CHF. The cause of CHF was cor- 
mary artery disease or idiopathic dilated cardiomyopathy. 

‘oronary artery disease was diagnosed by electrocardio- 
graphic and enzymatic documentation of previous myocardial 
nfarction or by demonstration of significant obstructive 
oronary arterial disease by coronary angiography. Idiopathic 
ilated cardiomyopathy was diagnosed when no other cause 
f CHF was apparent. 

An initial diagnosis of CHF required (1) a history of dyspnea 
or fatigue during exertion, and (2) one of the following physical 
: third heart sound, pulmonary congestion, jugular venous 
istention, or otherwise unexplained peripheral edema. The 
and symptoms of CHF must have been present for at 
3 months. Patients with the following were excluded: 

iyocardial infarction within the previous 3 months, 
ry pulmonary disease, hypertrophic cardiomyopathy, 
mary valvular heart disease, exercise capacity limited by 
ina or symptoms other than dyspnea or fatigue, or any 
er associated disease that might limit long-term sur- 
ival. 

‘Patients satisfying the initial criteria underwent further 
evaluation. Symptomatic status was classified according to 
the criteria of the New York Heart Association. In addition, 
1 of the following had to be present: (1) cardiothoracic ratio 






























by chest X-ray of 255%; (2) left ventricular ejection fraction- 

by radionuclide or contrast angiography <46%; (3) left ven- 
tricular internal end-diastolic dimension by M-mode echo- 
scordiogtapby: 2. 7 om/m?, (4) left ventricular filling pressure 





FIGURE 1. Survival curves in patients with severe chronic 
left ventricular failure due to cardiomyopathy. The curves 
for coronary artery disease (CAD) and idiopathic. dilated © 
cardiomyopathy (IDC) groups are significantly different 

(p <0.01), ALL = all patients (CAD + IDC) o ie 










>15 mm Hg; or (5) cardiac index <2.5 liters/ika en Lef 
ventricular filling pressure was obtained throug 
catheterization and taken as pulmonary arter : 
diastolic pressure. Cardiac output was measured by 
dilution, indicator dye dilution, or carbon dioxide rebra 
We have previously validated the latter method in patients _ 
with CHF.!? Blood pressure was measured by the standard 
cuff technique or from indwelling arterial cannula. Stroke _ 
volume, systemic vascular resistance, cardiac index, and stroke aS 
work were calculated from standard formulas. 
On completion of evaluation, patients were followed up 
the cardiology clinic where they were seen regularly by th 
same physician and nurses. No attempt was made. o control 
therapy. However; all patients were taking at- lea: 
or diuretics, or both, and many received vasodilators s sometim 
during the follow-up period. The survival status of patients 
was determined from records of clinic visits or from telephone 
contact with the patient or his relatives. The cutoff date for 
determining survival status was February 28, 1979, for 
tients in Minneapolis and November 30, 1981, for patien 
Philadelphia. All deaths that occurred were attribu 
cardiovascular disease. Death was defined ds sudden 
was unexpected at the time and was witnessed to occu 
24 hours of the onset of symptoms. 
Probability of survival from the time ofi i 
was analyzed by the life-table method, a 
were compared using the log-rank test 
characteristics between patient groups were 
unpaired t tests, and correlations betwee 
teristics and length of survival were examin 
analysis. A total of 194 patients was ini 
complete follow-up data were obtained 
who are the subject of this report ie 


Results 


Of the 182 patients with comp ete fo 
had cardiomyopathy secondary to corona 
ease and 87 had idiopathic dilated cardio yop. 
follow-up period averaged 12 + 10 (S 
1 to ay beans this period a total of oo leat, 
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FIGURE 2. Survival curves in patients with severe chronic 
left ventricular failure due to cardiomyopathy with or 
without coronary angiography for diagnosis. The curves 
for coronary artery disease and idiopathic, dilated car- 
diomyopathy groups are significantly different (p <0.01). 
Curves within diagnostic groups are not different. 


The difference in incidence of sudden death was not 
statistically significant. Cumulative survival rates by 
the life-table method are shown in Figure 1. By 12 
months 66% of all patients were still alive, and by 24 
months only 41% were still alive. By 36 months 76% of 
patients had died. Survival rates for the etiologic groups 
were analyzed separately (Fig. 1). The survival curve of 
patients with idiopathic dilated cardiomyopathy indi- 
cated a 1-year survival rate of 77% compared with 54% 
for those with cardiomyopathy due to coronary artery 
disease. Differences between these groups were still 
present at 24 and 36 months, and the difference between 
the entire survival curves was statistically significant 
(p <0.01). There were no significant differences in these 
2 groups in baseline characteristics including age, du- 
ration or severity of symptoms, and hemodynamic 
variables, 

Because only a minority of our patients (46 of 182 or 
25%) underwent coronary angiography, their survival 
was compared with that of patients not subjected to 
coronary angiography within each etiologic group (Fig. 


2). In the group with idiopathic dilated cardiomyopathy 


survival curves were not significantly different between 
patients with angiographically normal coronary arteries 
and those not subjected to coronary angiography, as 
ni 2-year survival rates were 52 and 53%, respectively. 
Likewise, in the group with cardiomyopathy due to 


coronary artery disease, survival was not significantly 


different between patients with and those without an- 
giographically proved coronary artery disease. The 
differing survival rates between etiologic groups were 
again apparent. Among the patients who underwent 
coronary angiography, mortality in the coronary disease 
group was 49% at 1 year and 82% at 2 years, compared 
with 17% at 1 year and 48% at 2 years in patients with 
idiopathic dilated cardiomyopathy (p <0.01). 

To further characterize differences between all sur- 
vivors and nonsurvivors, symptomatic status and he- 
modynamic values at our initial evaluation were com- 
pared. No significant differences were noted between 
survivors and nonsurvivors in duration of symptoms or 
age at entry (Table I). However, nonsurvivors did have 
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"| Cardiomyopathy 
Due to Coronary 
Artery Disease 


6 
Duration of Follow-up (months) 


12 18 24 


a significantly worse symptomatic status as judged by 
the criteria of the New York Heart Association. Except 
for heart rate, hemodynamic variables were significantly 
different between groups. Mean arterial blood pressure 
was lower in nonsurvivors, and left ventricular filling 
pressure and systemic vascular resistance were higher 
in this same group. Cardiac index, stroke volume, and 
stroke work were all significantly lower in nonsurvivors. 
Although hemodynamic variables overlapped consid- 
erably between survivors and nonsurvivors, life-table 
analysis also showed significantly different survival 
rates between hemodynamic subgroups. For this anal- 
ysis the dividing point for each variable was arbitrarily 
taken as the point midway between the average value 
observed for survivors and the average value for non- 
survivors for any given variable. Figure 3 shows cumu- 








TABLE! Baseline Characteristics of Patients With Severe 
Chronic Left Ventricular Failure Due to 
Cardiomyopathy 

Nonsurvivors Survivors 
(n = 88) (n = 94) p 
Age (yr) 57+ 10 56 + 8 NS 
Duration of symptoms 45+ 43 39 + 27 NS 
(mo) 
Clinical class 3.3 + 0.6 2.9+0.6 <0.001 
(NYHA) 
Heart rate BrE 83 + 16 NS 
(beats/min) 

Mean arterial 87+ 13 94 + 13 <0.001 

pressure (mm Hg) 
Left ventricular 2947 24+9 <0.001 
filling pressure 
(mm Hg) 

Cardiac index 2.0 + 0.7 2.5+0.8 <0.001 
(liters/min/m?) 

Stroke volume 45 + 16 §945 <0.001 
(ml/beat) 

Systemic vascular 25 + 10 21+8 <0.01 

resistance (units) 

Stroke work 35 + 19 56 + 33 <0.001 


(g-m) 


Values are listed as mean + standard deviation. 
NYHA = criteria of the New York Heart Association; NS = not sig- 
nificant. 
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URE 3. Survival curves in patients with severe chronic left ven- 
ular faiture due to cardiomyopathy according to blood pressure and 
EN = left ventricular filling 
r sure (mm Hg); MAP = mean arterial pressure (mm Hg). 


ative survival curves according to baseline mean arterial 
blood pressure and baseline left ventricular filling 
pressure, Survival was significantly better in patients 
with a mean arterial pressure >90 mm Hg and with a 
eft ventricular filling pressure <27 mm Hg. Only 52% 
patients with a filling pressure of 227 mm Hg were 

e after 1 year compared with 69% of those with lower 
filling pressure. Similarly, patients with a cardiac index 
25 liters/min/m? had significantly better survival 

an did those with a lower cardiac index, with 14- 


rable wasvivel being exactly 1.5 times: s better a s 
50%) in those with a higher cardiac index (Fig. 4). A 
expected, calculated variables, which included measures 
of blood pressure, left ventricular filling pressure, and 
cardiac output, also revealed significantly different 
survival curves. Patients with systemic vascular resis- 
tance averaging <23 units had better survival than did _ 
those with higher systemic vascular resistance, and. 
patients with stroke work averaging >45 g-m had bet: 
survival than did patients with lower stroke work (Fig. 
5). ay 
To determine if these same hemodynamic variables 
correlated with length of survival, linear regressiot 
analysis was carried out between baseline hemody oe 
namics and time of survival until death in the nonsur- 
viving patients. There were no significant correlations — 
between any of the baseline hemodynamic character- 
istics and length of survival except for left ventricular 
filling pressure (Fig. 6). A slight but statistically sig 
nificant inverse correlation was noted between left 
ventricular filling pressure and duration of survival. 


Discussion 


The present results agree with those of pre 
ports of high fatality rates in patients with CHI 4 
Framingham study 5-year survival from the time 
initial diagnosis of CHF was <50%.! We observed highe 
mortality rates at 1 to 3 years, but we follower up p: 
tients from the time of appearance of refractor 
toms. A long preclinical latent period in patients ` 
CHF has been noted.* The Framingham da 
from the time of the first episode of clinical CHF 
a survival rate of 79% at 1 year which is very si 
our observed 1 year survival rate of 86%. A 


with a TE tended to be retrospecti 
that focused primarily on clinical features, é 
high total mortality was noted.457 In a more 
report by Fuster et al! 104 patients. 
dilated cardiomyopathy experienced 

of 77% over 11 years, with two thirds 


aa CI < 2.26 
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rv ival curves in patients with severe chronic left ven- 
due to cardiomyopathy according to systemic vascular 
and left ventricular stroke. work at entry. SVR = systemic 
i resistance r SW = stroke work (g-m). 


uring the first 2 years. Their survival rates of 
year and 55% at 2 years are very similar to the 
2% survival rates noted at 1 and 2 years, re- 
in our patients with idiopathic dilated car- 
However, their study was retrospective 

of CHF was based on ventriculographic 

f left ventricular dysfunction. Our 

‘om previous ones in that a large number 
followed prospectively. The study 
elatively homogeneous as all patients 
entricular failure due to cardiomy- 

-up began at the time of refractory 


ion that survival was worse in patients 
hy secondary to coronary artery 

n well appreciated. Among patients 
ease, those with left ventricular 

ly have a worse prognosis than do 
mised ventricular function. 

ave clinically manifest myo- 

. In-our series patients were 

roptoms of CHF, and those with evidence 
: episodes were excluded. Yatteau 
2-year survival in patients with 

y which is better than the 31% 

2 years- 6 However, ene ee all 


> of CHF at entry into the study and were 


r=-0.31(p<0.01) 
y=30.9 -02x | 


Left Ventricular Filling Pressure (mm Hg) 
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FIGURE 6. Relation between left ventricular filling pressure at e 
and duration of survival-in nonsurviving patients. with severe ch 
left ventricular failure due to cardiomyopathy. i 


tends to occur in patients with more severe mukiy 
coronary artery disease and multiple- previous m 
cardial infarctions. Clinical CHF probably represe 
the most extreme end of the spectrum in these patie 
with severe coronary artery disease. 

Numerous earlier studies observed that prognosis 
CHF is worse in patients with more abnormal her 
dynamics.+68!0 Not surprisingly, therefore, we als 
observed higher mortality rates in patients with a hig 
left ventricular filling pressure or lower cardiac out 
probably reflecting poorer left ventricular function 
those patients. We also noted a worse prognosis i 
tients with higher systemic vascular resistance, w. 
is consistent with a recent: preliminary report t 
mortality is higher among patients with CHF who ha 
high levels of circulating catecholamines.!* Because « 
considerable overlap of. hemodynamic values amı 
survivors and nonsurvivors, these measurement 
only of limited value in the prognosis of individu 
tients. The observed poor correlations betw 
dynamics and duration of survival support this concep 
Hemodynamic measurements are widely used to 
efficacy of therapeutic intervention, but recent í 
onstrations of the lack of correlation between suc 
measurements and symptomatic status of. patients wit 
CHF have questioned the significance of 
surements.”!6 The present findings that her 
measurements do relate to prognosis even | 
with far advanced refractory CHF . suggest. tha 


alter prognosis. 
We have focused primarily¢ on hemodyna m 


patients with CHF. Previous atudles related clinic 
radiographic Signs as well as left ventricular functii 
with prognosis.4-!0 We have not emphasized these fa 
tors because our patients all had refractory en 
aquired 


protocol to have clinical and radiographi 















































have significant discriminatory value. We did not 
quantitate left ventricular function by use of left ven- 
tricular ejection fraction because the noninvasive 
method required was generally unavailable in the cen- 
ters involved when the study began. This measurement 
was obtained in a small number of patients entered later 
i the study and showed no significant differences be- 
tween survivors and nonsurvivors, possibly because the 
period of risk might have been shorter in the patients 
ho entered later. 

‘Sudden death occurred in 22% of our patients and 
accounted for 45% of all deaths; the incidence was 
similar in idiopathic dilated cardiomyopathy and car- 
diomyopathy due to coronary artery disease. Others 
have noted the common occurrence of sudden death in 
patients with cardiomyopathy of either cause.57:17 We 
did not attempt to characterize the type or frequency 
of arrhythmias in our patients, but others have observed 
that patients with CHF have a high incidence of ven- 
tricular arrhythmia, especially those who die sud- 
denly.®:!8 

nterpretation of the present results must be quali- 
ed. Our patients entered at different points in their 
course. A long interval of relatively good prognosis 
obably exists between the initial cardiac insult and 
janifestations of clinical CHF. Long-standing preex- 
sting radiographic or electrocardiographic abnor- 
malities can be documented in a large percentage of 
tients who present with their first episode of clinical 
HF.* Thus, it is difficult to ascertain the onset of CHF. 
ur approach was to follow up patients from the time 
of onset of symptoms that were refractory to treatment. 
Thus, our patients were far advanced in their course and 
are representative of patients likely to be referred to an 
internist.or cardiologist. Another problem is that only 
‘minority (25%) of our patients underwent left and 
right heart catheterization with coronary arteriography. 
Thus, the diagnosis, especially that of idiopathic, dilated 
rdiomyopathy, may not have been entirely accurate. 

‘he. diagnosis of cardiomyopathy due to coronary artery 
disease was reasonably secure because a history of 
iocumented acute myocardial infarction or coronary 
arteriography was required. Some of our patients 
diagnosed as having idiopathic, dilated cardiomyopathy 
nay indeed have had coronary heart disease. Finally, 
no attempt was made to control or account for the ef- 











CHF s 80 o that such measurements would be less likely t to _ fects of treatment. Virtually all patients were receiving 





some form on therapy, and nearly all were taking at least _ 
digitalis and diuretics. The precise number taking va- 
sodilators and the duration of such therapy are un- 
known. Because there is no strong evidence that: any 

therapy affects long-term outcome in CHF, it is im- 
possible to assess the role of treatment in affecting our 
results. The major advantages of our study are the rel- _ 
ative homogeneity of the population studied, the pro- 
spective nature, and the relatively uniform management 
and follow-up provided by the same team of investiga-. 
tors. fae 
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Pacers in a class of their own ™ 


Whichever 
DEVAL ITE Cole) @-1 aim 


it’s the 
smalles 





KONI 
Fani inaclass of their own™ 


On one hand On the other hand 


even less pacemaker an even larger 
scope of therapy 


@ Smallest, thinnest @ Suitable for atrial or vent 
pacemaker available stimulation 
(97 X 41 X 8.8 MM) è All clinically relevant param 

e Lightweight are programmable over a v 
(only 37 9) range 

@ Anatomically, è A selection of high output volt 
optimized shape ages for the management of 

exit blocks 


@ Constant output voltage even 
during battery end-of-life: 
the output amplitude remains 
at the programmed value 


@ [he entire pacemaker program 
can be interrogated and displayec 
in one complete block — not split 
into single parameters — by using 
the EPR 500 Programmer. A pro- 
gram printout is also supplied 
upon request. 


BIOTRONIK pacemakers combined with the various BIOTRONIK active and passive 
fixation leads provide integrated pacing systems with the assurance of maximum reli- 
ability since all parts match one another and enable you to decide which system best 
suits the needs of each individual patient. ` 


For further information contact 

BIOTRONIK GmbH & Co. BIOTRONIK Sales, Inc. 

Sieversufer 8 P.O. Box 1988 

D-1000 Berlin 47 6024 S.W. Jean Road, B-4 

Germany Lake Oswego, Oregon 97034, U.S.A. 
Telephone (030) 68 50 21 Telephone (503) 635-3594 





add up all the features 


and you’ve got the pacemaker which provides 
optimum therapy for your patient 
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First-step anginal prophylaxis 
refined by advanced 
technology 


Transderm-Nitro 


nitroglycerin 


Nitroglycerin—for more than 
100 years the classic therapy 
for angina—now becomes 
more convenient, more simple, 
more practical. 





First-step anginal 
prophylaxis 


Transderm-Nitro 


nitroglycerin 


A step ahead of long-acting 
oral nitrates 


“Transdermal delivery of 


nitroglycerin ...overcomes the 
inherent problems of the oral 
dosage forms regarding... 
bioavailability, convenience `. 
and compliance?™ 





24-hour sustained therapeutic 
blood levels of nitroglycerin. 

In contrast, so-called long-acting oral 
nitrates must be given in repeated 
doses throughout the day. 


Eliminates the first-pass effect. 
Unlike oral nitrates, which are 
predominantly inactivated in the liver, 
transdermal nitroglycerin bypasses 
the liver and enters directly into 
systemic circulation. 


Only one simple application a day. 
Avoids the ìnconvenience of multiple 
dosages. 


Small, cosmetically acceptable and 
well tolerated. 

Will not leak or stain clothing. May 
even be worn. while bathingor ` 
swimming. Few-reports of skin 
irritation. 


Note: Orthostatic hypotension may 
indicate nitroglycerin overdosage; 
reduce dosage if symptoms occur. 
Nitrates are contraindicated in 
patients with increased intraocular 
pressure. Withdrawal.should be 
gradual iftreatment is terminated. Do. 
not apply to distal parts of the arms 
and legs. 


Black CD: Transdermal drug delivery systems. US 
Pharmacist 1982 (Nov); 7(11):49-78 


Before prescribing, please read full Prescribing 
Information 
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Transderm®-Nitro 


(nitroglycerin) 
Transdermal Therapeutic System 


DESCRIPTION 
Transderm-Nitro (nitroglycerin) transdermal therapeutic system is a flat unit 
designed to provide controlled release of nitroglycerin through a semi- 
permeable membrane continuously for 24 hours following application 
to intact skin. Nitroglycerin (glyceryl trinitrate) is a prompt-acting vasodila- 
tor for the relief and prevention of anginal attacks. Systems are rated to 
release in vivo 5 and 10 mg nitroglycerin over 24 hours and are in sizes of 
10 and 20 cm? respectively 

One-fifth of the total nitroglycerin in the system is delivered transdermally 
to the patient over 24 hours: the remainder serves as the thermodynamic 
energy source to release the drug and remains in the system. The rated re- 
lease of drug is dependent upon the area of the system: 0.5 mg nitroglycerin 
is delivered in vivo for every cm* of system size 

The Transderm-Nitro system comprises four layers as shown below. Pro- 
ceeding from the visible surface towards the surface attached to the skin 
these layers are: 1) a tan-colored backing layer (aluminized plastic) that is 
impermeable to nitroglycerin: 2) a arog reservoir containing nitroglycerin 
adsorbed on lactose, colloidal silicon dioxide. and silicone medical fluid 





3) an ethylene vinyl acetate copolymer membrane that is permeable to 

nitroglycerin: and 4) a layer of hypoallergenic silicone adhesive. Prior 

to use. a protective peel strip is removed from the adhesive surface 
Cross section of the system 
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Drug Reservow 
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ACTIONS 
When the Transderm-Nitro system is applied to the skin, nitroglycerin is ab- 
sorbed continuously through the skin into the systemic circulation. This re- 
sults in active drug reaching the target organs (heart. extremities) before 
being inactivated by the liver. Nitroglycerin is a smooth muscle relaxant with 
vascular effects manifested predominantly by venous dilatation and pooling 
The major beneficial effect of nitroglycerin in angina pectoris is a reduction 
in myocardial oxygen consumption secondary to vascular smooth muscle 
relaxation and consequent reduced cardiac preload and afterload. In recent 
years there has been an increasing recognition of a direct vasodilator effect 
of nitroglycerin on the coronary vessels 

In clinical studies transdermal absorption of nitroglycerin from a nitro- 
glycerin system occurred in a continuous and well-controlled manner, for a 
minimum of 24 hours. Therapeutic effect can be anticipated 30 minutes 
after application of the system and to be maintained for 30 minutes after its 
removal 
INDICATIONS AND USAGE 
Transderm-Nitro system is indicated for the prevention and treatment of 
angina pectoris due to coronary artery disease 
CONTRAINDICATIONS 
Intolerance of organic nitrate drugs, marked anemia, increased intraocular 
pressure or increased intracranial pressure 
WARNINGS 
In patients with acute myocardial infarction or congestive heart failure 
Transderm-Nitro system should be used under careful clinical and’or hemo- 
dynamic monitoring 

In terminating treatment of anginal patients, both the dosage and 
frequency of application must be gradually reduced over a period of 4 to 6 
weeks to prevent sudden withdrawal reactions, which are characteristic 
of all vasodilators in the nitroglycerin class 
PRECAUTIONS 
Symptoms of hypotension, such as faintness, weakness or dizziness. par- 
ticularly orthostatic hypotension may be due to overdosage When these 
symptoms occur, the dosage should be reduced or use of the product 
discontinued 

Transderm-Nitro system is not intended for immediate relief of anginal 
attacks. For this purpose occasional use of the sublingual preparations 
may be necessary. 
ADVERSE REACTIONS 
Transient headaches are the most common side effect. especially when 
higher doses of the drug are used. These headaches should be treated with 
mild analgesics while Transderm-Nitro therapy is continued, When such 
headaches are unresponsive to treatment, the nitroglycerin dosage should 
be reduced or use of the product discontinued 

Adverse reactions reported less frequently include hypotension, in- 
creased heart rate, faintness, flushing, dizziness, nausea, vomiting, and 
dermatitis. These symptoms are attributable to the known pharmacologic 
effects of nitroglycerin, but may be symptoms of overdosage. When they 
persist the dose should be reduced or use of the product discontinued 
DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application of one Transderm-Nitro 5 sys- 
tem to the desired area of skin. Many patients preter the chest: if hair is 
likely to interfere with system adhesion or removal, it can be clipped prior to 
placement of the system. Each system is designed to remain in place for 
24 hours, and each successive application should be to a different skin 
area. Transderm-Nitro system should not be applied to the distal parts of 
the extremities 

The usual dosage is one Transderm-Nitro 5 system every 24 hours. Some 
pavers; however, may require the Transderm-Nitro 10 system. If a single 

tansderm-Nitro 5 system fails to provide adequate clinical responi the 

pant should be instructed to remove it and apply either two Transderm- 

itro 5 systems or one Transderm-Nitro 10 system. More systems may be 
added as indicated by continued careful monitoring of clinical response 

The optimal dosage should be selected based upon the clinical response, 
side effects, and the effects of therapy upon blood pressure. The greatest at- 
tainable decrease in resting blood pressure that is not associated with 
clinical symptoms of hypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size and/or number of 
systems should be tailored to the individual patient's needs 

Do not store above 86°F (30°C) 
PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems 





HOW SUPPLIED a 
ota! 
Transderm-Nitro System Nitroglycerin System Carton 
Rated Release in vivo in System Size Size 
5 mg/24 hr 25mg 10 cm? 30 Systems 
„ (NDC 0083-2105-26) 
5 mg/24 hr 25 mg 10 cm? 7 areena 
(NDC 0083-2105-07) 
10 mg/24 hr 50 mg 20 cm? 30 Systems 
(NDC 0083-21 10-26) 
Dist. by: 
CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation C82-16 (3/82) 
Summit, New Jersey 07901 


Printed in U.S.A. 629-5903-A 
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Some | 
benzodiazepine 
hypnotics 
have too longa 
half-life 


Too long a half-life may lead to: 
e drug accumulation 

e hangover/daytime drowsiness 
eè interaction with other agents 





Saini: a8 e 
benzodiazepine 

7 one my i 

ave too shorta < 
half-life 


Too short a half-life may lead to: 

e nocturnal awakenings = 
e early-morning awakenings _ 
e anterograde amnesia ; 








temazepam) 
A more appropriate half-life 


One 30-mg capsule, h.s.~usualadult dosage. 

One 15-mg capsule, h.$.~-recommended initial dosage 
tor elderly and/or debilitated patients. 

INDICATIONS AND USAGE: Restoril® (temaze- 
pam) is indicated for the relief of insomnia associated 
with complaints of difficulty in falling asleep, frequent 
nocturnal awakenings, and/or early morning awaken- 
ings. Since insomnia is often transient and intermit- 
tent, the prolonged administration of Restoril is gen- 
erally not necessary or recommended. Restoril has 
been employed for sleep maintenance for up to 35 
consecutive nights of drug administration in sleep lab- 
oratory studies. 

The possibility that the insomnia may be related to a 
condition for which there is more specific treatment 
should be considered. 

CONTRAINDICATIONS: Benzodiazepines may 
cause fetal damage when administered during preg- 
nancy. An increased risk of congenital malformations 
associated with the use of diazepam and chiordiaz- 
epoxide during the first trimester of pregnancy has 
been suggested in several studies. Also. ingestion of 
therapeutic doses of benzodiazepine hypnotics during 
the last weeks of pregnancy has resulted in neonatal 
CNS depression. Restoril is contraindicated in preg- 
nant women. Consider a possibility of pregnancy 
when instituting therapy or whether patient intends to 
become pregnant. 

WARNINGS: Patients receiving Restoril (temaze- 
` pam) should be cautioned about possible combined 
effects with alcohol and other CNS depressants. 
PRECAUTIONS: in elderly and/or debilitated 
patients. it is recommended that initial dosage be lim- 
ited to 15 mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is 
any evidence of latent depression: it should be recog- 
nized that suicidal tendencies may be present and pro- 
tective measures may be necessary. 

if Restoril is to be combined with other drugs hav- 
ing known hypnotic properties or CNS-depressant 
effects, due consideration should be given to potential 
additive effects. 
information for Patients: Patients receiving Restoril 
should be cautioned about possible combined effects 
with alcoho! and other CNS depressants, Patients 
should be cautioned not to operate machinery or drive 
a motor vehicle. They should be advised of the possi- 
bility of disturbed nocturnal sleep for the first or sec- 
ond night after discontinuing the drug. 

Laboratory Tests: The usual precautions should be 
observed in patients with impaired renal or hepatic 
function, Abnormal liver tunction tests as well as blood 
dyscrasias have been reported with benzodiazepines. 
Pregnancy: Pregnancy Category X. See Contraindica- 
tions. 

Pediatric Use: Safety and effectiveness in children 
below the age of 18 years have not heen established. 
ADVERSE REACTIONS: The most common 
adverse reactions were drowsiness, dizziness and leth- 
argy. Other side effects include confusion, euphoria 
and relaxed feeling. Less commonly reported were 
weakness, anorexia and diarrhea. Rarely reported 
were tremor, ataxia, lack of concentration, loss of 
equilibrium, falling and palpitations. And rarely 
reported were hallucinations, horizontal nystagmus 
sand paradoxical reactions, including excitement, stim- 
ulation and hyperactivity. 

Restoril is a controlled substance in Schedule IV. 
Caution must be exercised in addiction-prone individ- 
uals or those who might increase dosage. 

DOSAGE AND ADMINISTRATION: Adulis: 30 mg 


ae ~c usual dosage before retiring, 15 mg may suffice in 
“oc some, Elderly and/or debilitated: 15 mg recommended 


“initially until individual responseis determined. 
“SUPPLIED: Restori! (temazepam) capsules—15 mg 
maroon and pink, imprinted “RESTORIL 15 mg' 
Evag mg, maroon and blue, imprinted ' “RESTORIL 
` 30 mg": Packages of 100, 500 and ControiPak® pen 
ages of 25 capsules (continuous reverse-numbered roll 
of sealed blisters). {RES-Z2 11/1/81) 
Before prescribing, see package in ingert for full product 

information. 


“Pharmaceutical Division - 


SANDOZ, INC. 


“RES-183-2 East Hanover, NU 07936 - 
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The Second Issue of the New Annual providing 
a multidisciplinary approach to the latest, most 
important information on the state- of-the- 

art of cardiovascular medicine and surgery 


written by: 
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What is CARDIOLOGY 1982? 


The second in an annual series to be published inthe ~ 
SPRING each year 


è A review of the year's newest and most iipaner ; 
developments in cardiology — 665 papers 


è A multidisciplinary approach to clinical and applied 
research based on an exhaustive search o the year s 
literature 

@ A unique, cohesive summary of the state-of- the-art, 
written, not-edited, by those making outsianding 
devel opments in the field 


è A practical approach to a complicated and tha abe 
subject designed to be read and used daily 


CARDIOLOGY:1982 is NOT- 


è A collection of unrelated reviews 
® An abstracting service teed ets 
è A rehash of materiais readily available elsewhere 
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ppear promising, but few correlative studies 
trast See ene have been done. Left 


ection of 40 mi of contrast medium. 
lograms after intravenous injection 
nostic ence in. 9 of 12 studies, and 


uter a matrix before and 
ntrast bolus dose patie the 


a structures without 
ne. Initial reports have 


ine and Radiology and Radiological 
School-of Medicine, Nashville, Ten- 
in part by Grant 5-T32-HL 07411 from 


close correspondence in 83% of sectors. A 
small-volume left ventricular injections, the v 
tricular image was enhanced considerably by dic 
subtraction. Correlations between small- |; 
large-volume ventriculograms were close | 
ventricular ejection fraction (r = 0.91, n = 8, an 
= 0.002) and for left ventricular volume (r= 0.9 
n = 16, and p <0.001). There was close co 
spondence of wall motion scores. in 87 % of S 
tors, co 

Thus, digital subtraction angiography im 
the visibility of the left ventricle after eit 
venous or small-volume direct left ventri 
jection. Digital images produce excellent estima’ 
of left ventricular volume and should have con: 
erable usefulness for the study of cardiac 
mance and anatomy. 


undertook a study with 3 goals: (1) to compare intr 
venous digital subtraction angiographic images wi 
those produced by conventional left ventricular inje 
tion; (2) to compare left ventricular volume and ejecti 
fraction using intravenous angiography with the resu 
of direct left ventricular injection; and (3) to exan 
the usefulness of digital subtraction angiograph 
enhance direct left ventriculography performed wi 
small volumes of contrast medium. 


Methods 


The subjects were stable adult patients who: yder 
cardiac catheterization for diagnostic purposes, All had co 
onary atherosclerosis, Informed consent was obtained 
forms approved by the Vanderbilt Committee 
tection of Human Subjects. Two protocols were emp! 

Protocol 1; The results of intravenotis and di 
triculography were compared in 12 subjects. Pig 
were inserted inthe femoral artery and ve 
technique, local anesthesia, and the Seldin ge 

al aoi 
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CARDIAC ANGIOGRAPHY USING DIGITAL SUBTRACTION 


inferior vena cava, respectively. The chest was marked with 
radiopaque markers, and cross-hair markers were placed on 
the image intensifier in most studies to aid image align- 
ment. 

Forty ml of a mixture of sodium and meglumine diatrizoate 
(Renografin®-76, E. R. Squibb and Son, Princeton, New Jer- 


* sey) was injected into the inferior vena cava during held in- 
- -spiration using a power injector at rates of either 12 or 15 ml/s. 


Thirty-five mm cineangiograms of the thorax in the 30° right 
anterior oblique projection were obtained before and during 


- the passage of the contrast bolus through the central circu- 


SPV 


lation. The film was exposed at either 30 or 60 frames/s with 


= a9 inch diameter field of view. The electrocardiographic R 


wave was denoted by a dot in the margin of the appropriate 
film frame. 

The arterial pigtail catheter was advanced to the left ven- 
tricle without changing the patient position or the angle of the 
image intensifier, and 40 ml of contrast medium was injected 
during held inspiration with identical cineangiographic 
technique. A wire grid with 1 cm squares was filmed at the 
height of the heart to allow calculation of left ventricular 


= volume. 


Contrast-filled left ventricular end-diastolic and end-sys- 
tolic frames were identified using R-wave markers and the 
points of greatest and least left ventricular chamber size. The 


~ end-diastolic mask (before contrast injection) was identified 
by the R-wave marker, and an end-systolic mask was selected 
| by reference to the number of frames between end-diastole 


and end-systole on the direct left ventricular injection. Images 
for subtraction were processed without reference to the con- 
ventional contrast ventriculograms. 

Data were analyzed using an off-line system of our own 
design. The selected cineangiographic frames were illumi- 
nated, placed under a video camera, digitized and displayed 
in a 512 by 256 pixel matrix with 256 gray levels (Grinnell 
Interactive Image Display, GMR-27, Grinnell Systems, San 


Jose, California), and stored using a PDP 11/55 computer 


(Digital Equipment Corporation, Marlboro, Massachu- 
setts). 
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The intravenous mask and contrast frames were aligned for 
subtraction using system software and the radiopaque 
markers. Mask frames were subtracted from corresponding 
contrast-filled frames, and the results were displayed using 
either a linear or logarithmic display. Multiplying the mask 
image by a factor of 0.75 before subtraction produced optimal 
visual results. At this point, the quality of each end-diastolic 
and end-systolic image was judged. The image was classified 
as acceptable for analysis if definite borders could be seen 
along the left ventricular contractile perimeter. 

The acceptable sets of images and the grid markings were 
traced onto clear plastic. The mitral and aortic valve planes 
were determined with reference to the subtracted images, the 
unsubtracted images, and to the results of (end-diastole minus 
end-systole) and (end-systole minus end-diastole) subtrac- 
tions. Later, the digitized unprocessed frames from direct left 
ventricular injection were displayed and traced in similar 
fashion. The intravenous and direct-injection outlines were 
processed using a Numonics Digitizer (North Wales, Penh- 
sylvania) having 0.01 inch resolution and a DEC-1099 com- 
puter that executed user-validated software and calculated 
left ventricular volumes by the area-length method.17 

Regional left ventricular performance was determined with 
visual estimation of the area reduction in 45° polar sectors of 
the left ventricle. Eight sectors were constructed by placing 
a reference axis along the along axis of the left ventricle, and 
defining visually the center of the end-systolic ventricle.!® 
Sectors 1 and 8, corresponding to the mitral and aortic valve 
regions, were excluded from analysis, and wall motion was 
estimated by judging the area reduction of the remaining 6 
sectors corresponding to the contractile perimeter of the 
ventricle. A scale of 0 to 6 was employed, in which 0 repre- 
sented akinesia/dyskinesia; 2, hypokinesia; 4, normokinesia; 
and 6, hyperkinesia. Similar methods for analyzing regional 
performance by area reduction have been validated using 
contrast ventriculography!’ and radionuclide ventriculog- 
raphy.!® Also, we have demonstrated that visual estimates of 
area reduction correlate closely with measured area reduction 
on contrast ventriculography. !8 
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FIGURE 1. Images after intravenous and direct left ventriculography. The left ventricle (LV) is visible before subtraction at end-diastole (ED) and 
end-systole (ES), but the borders are more conspicuous after subtraction of mask images. The intravenous images are highly comparable to the 


direct left ventricular images. 
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Data were entered into a medical data base management 
system (CLINFO, supplied by Division of Research Re- 
sources, National Institutes of Health, Bethesda, Maryland). 
Results were compared by linear regression analysis and the 
Spearman rank correlation. Statistical significance was de- 
fined as p <0.05. 

Protocol 2: Left ventricular images and left ventricular 
performance were examined using small-volume direct left 
ventricular contrast injections that were processed by digital 
subtraction. In 10 subjects, 5 ml of contrast was injected at 
end-diastole using a power injector that delivered 12 or 15 
ml/s. In 1 subject, 8 ml was injected and in 1, 10 ml was in- 
jected. Results were compared with those observed after 
conventional injections of 40 ml of contrast medium per- 
formed within 3 to 5 minutes of the small-volume injection. 
The details of data processing and analysis were identical to 
those in Protocol 1. 


. Results 


All studies were performed without complications. 
Of 12 intravenous injections, 9 left ventricular images 
were acceptable for analysis by the criteria described. 
Of 12 small-volume studies, 8 were acceptable for 
comparison. Four studies were rejected because of 
premature ventricular systoles seen with a 40 ml injec- 
tion in 3 subjects and a very poor image seen with a 5 ml 
injection in 1 subject who had a very large, poorly con- 
tracting ventricle. 

Protocol 1: Figure 1 demonstrates typical left ven- 
tricular images at end-diastole and end-systole before 
and after digital subtraction, compared with corre- 
sponding frames on direct left ventricular injection. The 
left ventricle was easily visible after intravenous injec- 
tion, but the details were more conspicuous after sub- 
traction. The images were highly comparable with those 
seen on direct left ventricular injection. Volume and 
ejection fraction comparisons for the 9 acceptable 
studies are shown in Figure 2. The ejection fraction 
correlation was close (r = 0.89, p <0.001), and the cor- 
relation for the combined end-diastolic and end-systolic 
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FIGURE 3. Images after small-volume (5 ml) and 
large-volume (40 ml) injections. Digital subtraction 
produced high quality left ventricular images that 
demonstrated considerable anatomic detail, in- 
cluding mitral valve prolapse seen on the end- 
systole (ES) frame in this subject. ED = end- 
diastole. 
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FIGURE 2. Comparison of left ventricular (LV) ejection fraction and 
volume by intravenous (IV) and direct injections. The results for intra- 
venous digital subtraction angiography (DSA) are highly comparable 
to those for direct injection. However, the left ventricular volume was 
consistently lower on the intravenous study (see text for details). 
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volumes was also strong (r = 0.91, n = 18, and p <0.001), 
although the intravenous results showed a systematic 
error of 20% in underestimating the left ventricular 
volume on direct injection. 

The visual estimates of regional ventaeular perfor- 
mance were also accurate. Six sectors were graded for 
each of the 9 subjects. Scores for 45 of 54 sectors (83.3%) 
were accurate to within 1 grade, and all were accurate 
ithin 2 grades. Six of the 9 sectors with inaccuracies 
f 2 grades were located at the apex and 4 in the in- 
eroapical sector. All grades for the anterior wall sectors 
ere accurate to within 1 grade. There was no system- 
ic error in the wall motion analysis. 

Protocol 2: The comparison of the small- and 
large-volume left ventricular contrast injections is 
shown in Figure 3. In all subjects the left ventricles were 
arely visible during the 5 ml contrast injections, but 
eir details were easily seen after digital subtraction. 
he images were highly comparable with those seen on 
ventional 40 ml contrast injection. 

Ejection fraction and volume data for the 8 subjects 
ith acceptable data are shown in Figure 4. For the 
ejection fraction, there was a close relationship (r = 0.91, 
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n= 8 and p= 0. 002): For the völuúme tenilis, the te- — 
gression: equation demonstrates an x-y intercept near _ 
zero, a slope of nearly 1.0, and a strong correlation © 
coefficient (r = 0.96, n = 16, and p <0.001). ay 
The visual estimates for regional performance showed 
close correspondence. Scores for 42 of 48 sectors (87.5%) 
were accurate to within 1 grade, and all scores except 1. 
were accurate to within 2 grades. Anterior wall sectors. 
were analyzed more accurately than inferior wall sec. 
tors. Figure 5 shows the regional performance results. _ 












Discussion 


Intravenous angiography for visualization of cardi Go 
and arterial structures was attempted successfully more _ 
than 40 years ago, but the results were suboptimal be- _ 
cause of technical limitations.222 Improvements in _ 
image intensifiers, television cameras and rapid com- 
puter-based digital image processing!? now provide : 
excellent results for carotid, aortic, and renal intrave- 
nous angiography.*’ : 

Cardiac studies have been initiated recently. ‘Tech- 
nical refinements and limited descriptive data have . 
been reported.382.11-15 We undertook this study to 
evaluate left ventricular performance quantitatively. 
An off-line cineangiographic film-based system of our 
own design was used to process the ventriculograms. 

Three fourths (9 of 12) of the intravenous i images of 
the left ventricle were acceptable for analysis. The left 
ventricle target-to- background ratio was slightly 
greater for the acceptable images (2.52 + 0.86) (mean 
+ standard deviation) than for the hazy, unacceptable 
data (2.36 + 0.29, n = 3), but the differences were not 
statistically significant in this small number of studies. — 
In the acceptable studies, it was usually possible to de- 
fine the left ventricular borders. before subtraction. 
However, the edges were more conspicuous after sub- 
traction because of the contrast enhancement that- 
digital angiography produces. The film-based system 
with a 256 by 512 image matrix produced | images of - 
higher resolution than present on-line systems f for r dig- 7 
ital angiography. ae 































































Our volume and ejection fraction data from intrave- 
nous injections correlated well with results from direct 
de ventricular injection, but the results after intrave- 
nous injection of contrast medium were systematically 
ower than those derived from direct injection. This may 
be due to the osmotic effects of contrast agents. Kloster 
et al? documented an average increase of 223 ml (4%) 
ume 5 minutes after left ventricular contrast. 
\uman subjects. Also, Iseri et al?4 found an 
rease of 170 ml in plasma volume 5 minutes 
contrast left ventriculography (range 100 to 250 
n the present study, the direct left ventricular 
jection was performed 5 to 10 minutes after the in- 
ravenous injection. Thus, it is likely that the intrave- 
nous injection of contrast medium produced a moderate 
‘rease in intravascular volume, based on its osmotic 
fects. However, this cannot be confirmed because we 
did not. measure blood volume. In addition, the rapid 
injection of this volume of contrast medium directly into 
left ventricle could increase actual ventricular vol- 
ume. This finding was reported by Sanmarco et al,?5 
who documented an immediate, transient 5 to 15% in- 
_ erease in the ventricular volume of dogs after injection 
_. of 15 to 20 ml (1 ml/kg body weight) of contrast medium 
__ into the left ventricle. Intravenous contrast material is 
well mixe! by passage through the right heart and lungs 
and does not constitute a bolus injection into the left 
. ventricle. ‘The intravenous injection of contrast medium 
__ is likely to have caused transient osmotic effects on the 
red blood cells”®, but it is unlikely to have greatly in- 
-creased the total blood volume on its first passage 
through the central circulation. Thus, the intravenous 
_ volume measurements are probably accurate, although 
there could have been small errors in left ventricular 
border definition because of fainter borders seen on 











direct ‘elt ventricular injections. ee 
Y Yieible before subtraction were easily 


ie small- and ee 
n comparable, without sys- 
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study left ventricular performance more carefully t 
performing several small-volume. ventriculograt 
rather than 1 or 2 conventional studies. Detectabl 
volume and pressure alterations do not occur with. 
small-volume injections, This freedom can allow accu 
rate analysis of alterations in left ventricular loading o 
of drug therapy. Our data confirm the recent stud 
Sasayama et al!’ regarding the accuracy of data 
small-volume left ventricular injections. Tobis e 
recently demonstrated excellent results using di 
injections of 10 ml. : 

Regional wall motion analysis demonstrated. accura 
results in nearly all sectors, but the inferior an 
regions were more difficult to demarcate on the sin 
static end-diastolic and end-systolic images we 
ployed. Wall motion, volume, and ejection fractio 
sults should improve considerably when moving, endle 
loop “playback buffers” are employed. 

Our preliminary results with digital subtraction a 
giography are quantitative and encouraging. Pro 
can occur because of patient movement, slow circulation 
time, large cardiac volumes, and the intrinsic cardi 
motion. Demonstration of left ventricular performan 
should improve considerably with future refinements 
in both radiographic hardware and image processin: 
software. 
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As the soul is dyed by the thoughts, let no day pass 
without contact with the best literature of the 
world. 





The load of to-morrow, added to that of yesterday, 
carried today makes the strongest falter. 


Sir William Osler, “A Way of Life” . 
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great difficulties in detection by other methods. 
l were well delineated with computed tomogr 
nts. The patients were divided into 2 groups: LV thrombus was also visualized by computec 
roup I, 28 patients with mitral valve disease, and mography with similar or greater accuracy | 
Group ll, 28 patients with myocardial infarction. other diagnostic methods, although the sensit 
Comput tomography and 2-dimensional echo- and specificity were not ascertained because 
hy were performed in all the patients gery or autopsy was performed in only a mino 
neangiocardiography was performed in Group Il patients, Therefore, as far as the detecti 
in 13 Group Il patients. Open heart of intracardiac thrombus is concerned, compu 
topsy was performed in all Group I and tomography has the advantage of offering unif 
patients. The sensitivity in detecting LA slices of the heart in an attempt to detect throm 
as 100% with computed tomography, unknown areas of cardiac chambers, includi 
ngiocardiography, and 60% with 2- LA appendage or LV apex, without being distur 
al echocardiography. The specificity in by the surrounding cardiac and noncardiac st 
A thrombus was 91% with computed tures. Thus, computed tomography has excel 
6% with 2-dimensional echocardi- accuracy in the detection of intracare 
8% with angiocardiography. Thrombi thrombus. a 
LA ppendage were associated with 























































on of intracardiac thrombus is significant of computed tomography in the detection of intracs 
len of patients with cardiac diseases. diac thrombus.'*-!9 Therefore, the present study was 
AG thrgnbus, a that of undertaken to clarify the validity of computed tomo; - 

i raphy in evaluating LA and LV thrombi. 










Methods 


Patients: Twenty-eight patients with mitral valve den 
were classified as Group I patients. As shown in Table I, th 
ar diac thr sects these ages ranged from 36 to 68 years (average 50.0 + 8.4); 21 
tions, depending on the size women. The group consisted of 11 patients with mitra 
mbus.!-!6 On the other hand, nosis, 7 with mitral stenosis and regurgitation, and 10 
reports on the detection of combined valvular disease; 24 of these patients had atak 
th computed tomography; brillation. 
iences suggest the usefulness Twenty-seven of the 28 patients in Group I underwent open 

heart surgery (open mitral commissurotomy 13, valve 

placement 14); a postmortem autopsy was performed on 
ersity, Kanagawa, Japan. Manuscript patient to confirm left atrial thrombus. Computed tomog 
vised manuscript received November 19, phy, 2-dimensional echocardiography, and cineangiocardi 
0, 1982. raphy were undertaken in all the patients in Group I. 
Tomoda, MD, Department of Cardiology, _interval from computed tomography to cardiac surgery rang 
j Severs: Boseidai, Isehara-shi, Kana- from 3 to 34. days (average 14.5.4.9.5). The interval from a 
a : dimensional echocardiography t to cardiac surgery ranged fror | 
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846 COMPUTED TOMOGRAPHY AND CARDIAC THROMBUS 


4 to 45 days (average 17.7 + 10.6). The interval from angio- 
cardiography to cardiac surgery ranged from 6 to 33 days 
(average 17.6 + 9.6). 

Twenty-eight patients with previous myocardial infarction, 
documented by prolonged precordial pain, typical electro- 
cardiographic changes, and significant elevations of serum 
enzymes, were classified as Group II patients. As shown in 
Table II, the ages of the patients ranged from 36 to 77 years 

* (average 56.9 + 11.1); 25 were men. This group included 17 
patients with anteroseptal myocardial infarction, 7 with an- 
terolateral myocardial infarction, 1 with inferior myocardial 
infarction, and 3 with anteroseptal-inferior myocardial in- 
farction. The mean interval between infarction and study was 
9.4 + 23.2 months, with a range of 1 month to 9 years. 

Computed tomography and 2-dimensional echocardiog- 
raphy were performed in all patients in Group II. Angiocar- 
diography was performed in 13 and cardiac surgery or autopsy 
was undertaken in 4. The interval from computed tomography 
to 2-dimensional echocardiography ranged from 2 to 18 days 
(average 9.2 + 1.6) and that from computed tomography to 
angiocardiography from 2 to 19 days (average 8.3 + 1.6). 

Computed tomography: A computed tomographic whole 
body scanner that utilized a continuously rotating gantry and 
pulsed anode with x-radiation collimated to form a thin fan- 
shaped beam (Varian computed tomographic 3-second whole 
body scanner) was used.?° A complete section scan was per- 
formed in 3 seconds. The scale for transparency was —1,000 
for air, 0 for water, and +1,000 for bone. In this study, gated 
computed tomographic scanning to obtain “stop-action” 
image was not applied. Every computed tomogram (horizontal 
slice of the heart) was obtained at a thickness of 0.5 to 1 cm 
in the position of deep inspiration. Sustained enhancement 
was obtained with a rapid intravenous infusion of 100 ml of 
60% meglumine iothalamate or 200 ml of 30% meglumine io- 
thalamate. 

Two-dimensional echocardiography: Two-dimensional 
echocardiographic studies were performed by a 90° Toshiba 
SSH-11A phase array sector scanner with a 2.5 MHz trans- 
ducer. Recordings were undertaken with the patient in the 
supine or 30° left lateral decubitus position. The 2-dimen- 
sional echocardiographic findings were initially obtained from 
the left sternal border in the long- and short-axis planes. 
Apical and subxiphoid views were then taken, and 4-chamber 
and 2-chamber views were obtained.?!:22 The images were 
recorded on videotape, and photographs of single-frame 
findings were taken on Polaroid® or 35 mm black and white 
film. 

Thrombus was defined by echocardiography as a distinct 
mass of echoes in the intracardiac cavity that was seen clearly 
throughout the cardiac cycle and that was contiguous with the 
endocardium.!! LV aneurysm was defined as a distinct aki- 
netic or dyskinetic bulge interrupting the normal ventricular 
configuration during systole and diastole. 

Cineangiocardiography: In patients with mitral valvular 
disease (Group I), levophase pulmonary angiograms were 
obtained with the methods described by Parker et al.! An 8Fr 
National Institutes of Health angiographic catheter was in- 
serted into the main pulmonary artery by way of the percu- 
taneous femoral venous route, and 1 ml of 76% sodium me- 
glumine diatrizoate per kilogram of body weight was injected 
over a 2.5-second period with a power injector. In patients with 
mitral valve disease (Group I) and those with myocardial in- 
farction (Group II), LV cineangiocardiography was performed 
with a 7Fr pigtail catheter introduced into the left ventricle 
by way of the percutaneous femoral arterial route. 

Forty milliliters of 76% sodium meglumine diatrizoate was 
injected into the left ventricle over a 2-second period with a 


power injector. The LA and LV angiographic studies were 
performed in the right anterior oblique position with 35 mm 
film exposed at 50 to 60 frames/s. Cineangiocardiographic 
criteria for LA thrombus were persistent fixed or mobile filling 
defects in the body of the left atrium or atrial appendage.? LV 
thrombus was diagnosed if there was evidence of a persistent 
filling defect in the LV cavity during both systole and dias- 
tole.3 

Interpretations and measurements: The computed to- 
mographic findings were interpreted by 3 of the authors (SK, 
MO, and SM), the 2-dimensional echocardiographic findings 
by 2 (MH and HF), the angiocardiographic findings by 1 (HT), 
and the surgical findings by 3 (SKo, SKa, and AS), indepen- 
dently. Measurements of the sizes of the thrombi were at- 
tempted as the largest long and short axes on the computed 
tomographic and 2-dimensional echocardiographic planes. 


FIGURE 1. a, Computed tomogram of a patient with mitral stenosis 
(Case 2, Group |). There was a small filling defect (1.6 X 1.2 cm) (arrow) 
at the left atrial appendage, which was also identified by cineangio- 
cardiography (b) (arrows). Open heart surgery later confirmed this to 
be an organized spherical thrombus 1.5 cm in diameter (inset). The 
thrombus was not revealed by 2-dimensional echocardiography. Ao 
= aorta; DA = descending aorta; LA = left atrium; LV = left ventricle; 


RA = right atrium; RV = right ventricle. 
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Results 


Left atrial thrombus: In 28 patients with mitral 
valve disease (Group I), 9 LA thrombi were confirmed 
in 7 patients by open heart surgery (Cases 1 to 5, 7, and 
8), and a thrombus was identified in another patient by 
autopsy (Case 6). No LA thrombus was seen in the rest 
of the patients by open heart surgery (Table I). 

All of the 10 LA thrombi confirmed by surgery or 
autopsy were delineated by computed tomography in 
each of the 8 patients. Six of the 10 thrombi in the 8 
patients with LA thrombus were identified by 2-di- 
mensional echocardiography. Three of the thrombi 
overlooked echocardiographically were located in the 
LA appendage (Cases 1 to 3), and 1 was attached to the 
lateral wall of the left atrium (Case 8) (Fig. 1 and 2). 
Three of the 10 thrombi in the 8 patients were not 
identified by cineangiocardiography. Two were located 
at the appendage (Cases 3 and 4), and 1 was present at 
the posterior wall of the left atrium (Case 1). Among 20 
patients in whom LA thrombus was not detected by 


FIGURE 2. Computed tomograms (a and b) and 2-dimensional 
echocardiogram (c) in a patient with mitral stenosis, aortic 
regurgitation, and tricuspid regurgitation (Case 8, Group |). ^ wo 
large filling defects (7.3 X 3.3 cm, 5.5 X 1.6 cm) (arrows) in the 
left atrium were delineated by computed tomography. One of 
the thrombi located at the posterior wall of the left atrium was 
detected by 2-dimensional echocardiography (b and c), but an- 
other thrombus attached to the lateral wall of the left atrium (a) 
was not revealed echocardiographically. Two large organized 
thrombi (total weight 100 g) were excised at open heart surgery. 
Ao = aorta; DA = descending aorta; LA = left atrium; LV = left 
RA RA = right atrium; RV = right ventricle. 


surgery, there was a positive diagnosis of LA appendage 
by computed tomography (Case 9) and a positive and 
an equivocal diagnosis was made at the posterior wall 
of the left atria by 2-dimensional echocardiography 
(Cases 13 and 14). A false-positive and 2 equivocal 
diagnoses were made at the LA appendage by angio- 
cardiography (Cases 10 to 12). 


Although the possibility of dissolution of the thrombi . EE 


could not be ruled out completely, no patient received 
anticoagulant therapy, and the interval from the clinical 
evaluation to surgery was relatively short, ranging from 
6 to 21 days; there was no systemic embolization during 
this period in these patients. 

Thus, the sensitivity in detecting LA thrombus was 
100% with computed tomography, 60% with 2-dimen- 
sional echocardiography, and 70% with cineangiocar- 
diography. When both positive and equivocal study 
results were considered to indicate the presence of 
thrombus, the specificity in detecting LA thrombus was 
91% with computed tomography, 75% with 2-dimen- 
sional echocardiography, and 70% with cineangiocar- 
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diography. If equivocal study results were instead 
considered negative, the specificity in detecting LA 
thrombus was 91% with computed tomography, 86% 
with 2-dimensional echocardiography, and 87.5% with 
angiocardiography. 

Five of the 8 patients with LA thrombus (62.5%) and 
5 of the 20 patients without LA thrombus (25%) had a 
history of systemic embolization. The measurements 
of the thrombi were grossly similar with computed to- 
mographic, echocardiographic, or surgical methods, 
although strict comparisons were not possible as the 
planes on which the measurements were attempted 
were not exactly the same with each method (Table 
I). 
The values of x-ray transparency expressed as com- 
puted tomographic numbers ranged from +37 to +68 
atthe areas of the LA thrombi. The values, however, 
had no definitive correlation with the pathologic find- 
ings of the excised thrombi (Table I). 

Left ventricular thrombus: There were 10 positive 
findings, that is, filling defects, compatible with LV 
thrombi and an equivocal finding by computed to- 
mography (Fig. 3, Table II). There was 1 equivocal and 
8 positive echocardiographic findings in the 10 patients 


FIGURE 4. Computed tomogram (a), left ventriculogram (b), and 2-dimensional echocardiogram (c) of a patient with anteroseptal myocardial infarction 
(Case 7, Group Il). There was a filling defect at the left ventricular apex (arrows) in the angiogram and computed tomogram; this was not clearly 
delineated by echocardiography most probably because of reverberations from the calcified infarct area (asterisk) as shown by computed tomography. 
PNS ventricle; RV = right ventricle. 





with positive findings on computed tomography; sat- 
isfactory recordings were not obtained in 1 patient by 
echocardiography (Fig. 4). The LV filling defects were 
identified angiocardiographically in all 7 patients with 
positive computed tomographic findings in whom an- 
giocardiography was performed; the thrombi were 


confirmed by open heart surgery in 2 patients (Cases 1 . 
and 2) and by autopsy in 1 (Case 3). On the other hand,. 


among the 18 patients in whom thrombus was not de- 
lineated by computed tomography, positive findings of 
LV thrombus were indicated in 1 patient (Case 12) and 
equivocal findings in another (Case 13) by 2-dimen- 
sional echocardiography. 

LV aneurysms were noted echocardiographically in 
7 of the 10 patients with thrombi proven by computed 
tomography and in 6 of the 18 patients without 
thrombus. There was no cineangiocardiographically 
positive finding in any of the 6 patients with negative 
computed tomographic findings who underwent LV 
angiocardiography. 

The sizes of the thrombi were similar when measured 
by computed tomography and 2-dimensional echocar- 
diography, although the comparisons may not be valid 
due to the differences in the planes at which the mea- 


formed due t the limitation i in the permissible volume i 
of angiographic contrast material. i 





Discussion 


‘The detection of intracardiac thrombus is important 

regardless of the size of the thrombi because the patients 
are exposed to the possibility of systemic embolization. 
ystemic embolization has been reported to origi- 
te from rheumatic heart disease in 26 to 40%23-26 and 
m myocardial infarction in 22 to 36% of these pa- 
nts, 23-26 
_ Thrombus formation was detected in 9 to 17% of 
patients with mitral valve disease!? and in 14 to 33% of 
patients with myocardial infarction!!!3.27-29, in our 
study, the incidence was higher in patients with mitral 
valve disease (29%) and similar in those with myocardial 
farction (36%). Systemic embolization was encoun- 
tered i in 29 to 60% of patients with LA thrombosis! ? and 
n5 to 45% of those with LV thrombosis. !127,28,30,31 The 
ncidences are not necessarily compatible with those in 
the. present study, which involves a relatively small 
number of patients: 62.5% of those with LA thrombosis 
and none of those with LV thrombosis. 
Detection of left atrial thrombus: Although there 
has been no report on sensitivity and specificity in the 
detection of LA thrombus either by echocardiography 
or cineangiocardiography, the sensitivity and specificity 
were highest with computed tomography. Mikell et al8 
successfully detected a small LA thrombus 1 em in di- 
ameter, which was located on an artificial valve. In our 
study, however, only 1 out of 4 LA thrombi lodged in the 
LA appendage was demonstrated echocardiographi- 
cally, even though multiple acoustical windows with 
various sector orientations were used to provide com- 
plete imaging of the left atrium. On the other hand, 
there were also 2 false-positive diagnoses by echocar- 
diography at.the posterior wall of the left atrium, if we 
nclude an equivocal diagnosis as positive, which was 
most probably due to reverberations from the aorta or 
mitral apparatus. 

With angiocardiographic methods, there were also 3 
false-positive and 2 false-negative findings at the LA 
appendage. In 1 patient with a false-positive result 
(Case 10) with a defect at the LA appendage, surgery 
revealed that the appendage was shrunken without 
thrombus inside. In 2 other equivocal cases (Patients 
11 and 12), thinly stained appendages could not exclude 
e possibility of atrial thrombus, which was denied at 
en heart surgery. According to Lewis,2 the sensitivity 
detecting LA thrombi by cineangiocardiography was 
%; this value is similar to that in the present study. 
However, the puncture of the interatrial septum is 
ossibly associated with dislodgment of atrial thrombi?; 
as a result, we performed levophase pulmonary angi- 
ography instead. It is important to visualize the possible 
hrombi on multiple views to minimize the false-positive 
or false-negative results. However, angiographic pro- 
cedures applied to mitral valve disease also include left 
ventriculography to evaluate coexistent mitral regur- 















































_ multiprojectional LA angiograms are usually not per- 


- gitation or changes in the subvalvular apparatus. Thus, with computed tomograp. 


Computed tomography has the advantage of offering 
uniform slices of the left atrium in an attempt to detect | 
thrombi in unknown areas of this chamber. Computed 
tomography is not disturbed by the lungs or bones, and 
slices of the entire atrium can be displayed on a plane’ 
including the appendage and lateral wall of the left 
atrium (Fig. 1 and 2). Although there was a false-posi- 
tive result in 1 patient with computed tomography | 
(Case 9), the suspected area showed low density (minus 
computed tomographic value) in a repeated study; this. 
should have been identified as pericardial fat tissue. = 0 

In the present study, estimation of the characteristics 
of the thrombi based on the difference in computed 
tomographic numbers was unsuccessful. The most 
probable explanation for this result may be the artifacts 
in density with adjacent high-density structures such ..__ 
as the cardiac chamber filled with contrast material, as 
Godwin!® noted. 

Detection of left ventricular thrombus: In our o 
study, LV cineangiocardiography, open heart surgery, a 
or autopsy to confirm the existence of LV thrombus was. 
performed in a limited number of patients. Therefore, 
evaluation of the sensitivity and specificity in detecting. © 
LV thrombus with computed tomography or 2- dimen- 
sional echocardiography is not possible. 

In7 patients with a positive computed tomographic _ 
diagnosis in whom angiocardiography was performed, 
the LV thrombi were identified angiocardiographically oe 
in all; the thrombi were also confirmed by surgery or . 
autopsy in 3. On the other hand, iha patient in whom 
a small LV thrombus was suspected by com ited to- 
mography (Case 11), there was no positive fin by 

2-dimensional echocardiography or left ventriculog-. 
raphy. Thus, this case might be a false-positive com- 
puted tomographic finding, and the confusion was most 
probably caused by the papillary muscle. The possibility oe 
that the thrombus might have dissolved during thein- _ 
tervals between the different. diagnostic: ‘procedures — T 
could not be denied, but this phenomenon is frequently __ 
encountered in recent myocardial infarction... In the < 
present study, however, only remote myocardial in- < 
farction of more than 1 month’s duration was studied. : 
The cardiac apex is the site of most LV thron 
and, in this study, all of the left ventrict 
were located there. Hence, 2-dimensiona 
graphic apical views were valuable 
ventricular thrombus, but 
graphic diagnosis (Case 
verberations from the cal 

The sensitivity in detecting LV 1 
mensional echocardiography bis been reported as 
le 32,33 and the ie ee as 56 to 95% ERS 


































mated to be similar to boen 
demarcation of the throm 


The, reason n for the abse eí 





on in ou patients with LV thrombus | is not known. Anti- 
coagulant therapy was used in only 1 of the 10 patients 
V thrombus and in none of the 18 patients with- 
ombus. There is a possibility that embolic events 
linically silent. Cabin et al®° reported the inci- 
of systemic embolization to be as low as 5% in 

ith LV thrombus. According to Haugland et 
idence of embolization was 24% with recent 
nfarction and 9% with remote myocardial 
more than 3 weeks); all of our patients had 
myocardial infarction of more than 1 month’s 













vantages and limitations of computed tomog- 
raphy: Computed tomography demands the injection 
contrast material by way of a peripheral vein and thus 










pe ee E DAN 
- Echocardiography, on the other hand, is a completely 
joninvasive method. However, there is a definitive 


unding siructures such as the sternum, ribs, or 
. Echocardiography demands high standards of 
ciency and, even with a high level of technique, a 

ombus located at the LA appendage is difficult 












c walls can be identified,’ although it was 
reeks that thrombi can be imaged within 


se rat with echocardiography 
the present study. Therefore, it 





oe red atri ia with fibrillation or LV 
ntracardiac thrombi are located. In 








ombüs weighing 3.5 g (Case 3, 
comparable to the smallest ven- 
easuring 2 to 3.cm® detected with 
phy by Godwin et al.!6 
‘he ey of systemic emboli- 
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tions for anticoagulant therapy. Although the effect 
anticoagulant therapy for myocardial infarction ar. 
controversial issue, the incidence of thromboemboli: 
has been reported to be significantly reduced wit. 
therapy® 3"; the detection of intraventricular throm 
is also important in determining the indications for suc 
treatment. As the data presented in this study indic 
computed tomography is useful for the detection 
intracardiac thrombus, and we believe this techn 
is the best one for detecting LA thrombus. Moreo 
combined applications of computed tomography. 
other noninvasive or invasive methods will improv 
accuracy of diagnosing intracardiac thrombus. 
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l solute L Left Ventricular Volume From Gated Blood Pool 
maging With Use of Esophageal Transmission Measurement 


MAURER, MD, JEFFRY A. SIEGEL, PhD, BARRY S. DENENBERG, MD, 
SE A. CARABELLO, MD, ARNOLD K. GASH, MD, JAMES F. SPANN, MD, and 
ON S. MALMUD, MD 


w T for determining a absolute left ven- 


tissue attenuation with use of an in vivo 

e An orally administered capsule con- 

ng 1 to 2 mCi of technetium-99m (Tc-99m) 
colloid is used for this purpose. Left ventricular 
es are determined by dividing attenuation and 
corrected count rates obtained from 


logeaphy i is the most frequently used 
r measuring absolute left ventricular 
er, contrast ventriculography is 
geometric assumptions regarding 
tricle.!~4 Several studies®" have 
etry-independent LV volumes can 
| radionuclide gated blood pool 
ing a background-corrected count 
entricle with that obtained from a 
ever, none of these early reports at- 
for tissue attenuation. 
18 used gated blood pool imaging 
LV volume by calculating an at- 
atient after measuring the 
nd assuming an average 
ficient ‘We have developed a new 
ing absolute LV volume which is 
and corrects for tissue attenu- 
n vivo point source. 
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semiautomated LV regions of interest by. the c c 
rate per milliliter from a blood sample. The cor 
lation between GBP and CV (SR) was 0.96 (CV [ 

= 0.99 GBP + 1.32 ml; standard error of the est 
mate [SEE] = 21.2 mil) for diastole and 0.97 (CV 
[SR] = 0.93 GBP — 0.03 ml; SEE = 11.9 ml) for 
systole. The correlation between GBP and CV (AL) 
was 0.92 (CV [AL] = 0.90 GBP + 16.72 ml; SEE 
27.8 ml) for diastole and 0.95 (CV [AL] = 0.87 GBP 
+ 4.56 ml; SEE = 14.4 ml) for systole. The method 
is noninvasive and can be performed easily as pa 
of routine gated blood pool imaging and analysis. 


Methods 


Thirty-six consecutive patients referred for cardive: cath 
terization were studied. All patients underwent: precathe 
ization radionuclidé gated blood pool imaging after giving 
written informed consent to swallow a small capsule co 
taining a calibrated dose of technetium 99-m (T'c-99m) sult 
colloid and to have a venous blood sample drawn at the co 
clusion of the radionuclide study. Twenty-eight male and 
female patients, ranging in age from 34 to 81 years (mean 5s 
were studied. 

Before beginning the gated blood pool study, a #4 gelatin 
capsule i is: prepared by placing a 2.9 mm diameter circular 
piece of filter paper in one half of the capsule and saturating 
it with a precalibrated dose of 1 to 2: mCi of Tc-99m sulfur 
colloid. The capsule is then closed and wrapped in a pie 
paraffin paper (Parafilm “M”). At the end of the se 
sule, a 50 cm length of sewing thread is tied to the © 
mark is made on the thread at 40 cm from the end of 
capsule. . 

A capsule count rate is then acquired behind ad. 85 c cm thi 
phantom of tissue-equivalent material using a scintillati 
camera fitted with a low-energy parallel hole collimator ¢ an 
interfaced to a commercial nuclear medicine computer. The 
camera is peaked for technetium at 140 keV with a 20% wi 
dow. The phantom is employed to avoid saturati 
camera count rate, which could occur: if the. eapsul 

counted in air. y 

The patient is then positioned i in front of t 

fora standard left anterior r oblique H 40° view and il 
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FIGURE 1. Left, left anterior oblique image after capsule swallow. The capsule (C) which was swallowed before labeling the patients’ red blood 
cells is shown as it appears in the stomach below the left ventricle (LV). Center, left anterior oblique image with shield. A lead shield is placed over 
___ the stomach to eliminate counts from the capsule, and gated blood pool imaging is performed without moving the patient. A manual region of interest 
(ROI) is drawn around the left ventricle. Right, esophageal transit study. Several frames from the capsule swallow study are shown to illustrate 
how the capsule passes through the LV region of interest as it goes behind the left ventricle. 


to swallow the capsule. The thread is swallowed with the 
capsule so that the rate of descent of the capsule can be con- 
trolled. As the capsule is swallowed, the esophageal transit is 
recorded for up to 400 consecutive frames of 0.3 second each. 
If the esophageal transit takes longer than the allotted time, 
a remote switch is used to reset the start of computer acqui- 


_ sition. The capsule is observed on the persistence scope until 


itis positioned behind the left ventricle. This is easily recog- 


nized as the intensity of the capsule dims when it reaches the 
_ left ventricle. During acquisition the capsule position can also 
_ be approximated by the location of the string marker as the 
_ distance to the lower esophageal sphincter averages 40 cm. 


The capsule swallow is considered complete when the capsule 
enters the stomach. 
The patient is kept in the same position and the patient’s 


— red blood cells are labeled in vivo with 20 mCi of T’c-99m 


pertechnetate 20 minutes after previous intravenous admin- 


_ istration of stannous pyrophosphate.? 


After blood pool equilibration, the patient is imaged in the 


3 same left anterior oblique 40° position. A lead shield is placed 


over the stomach (Fig. 1, center). Data are acquired on a 


magnetic disk in a 64 by 64 matrix until 300,000 counts are 
_ collected in at least 1 of 16 frames of the cardiac cycle. After 


completion of the left anterior oblique image the patient can 
be moved for acquisition of other views. 

When imaging of the patient is completed, a 10 ml venous 
blood sample is withdrawn into a heparinized syringe from a 
previously unused venipuncture site. The blood sample is 
placed in a 100 mm diameter by 15 mm deep petri dish, and 


_ the petri dish is counted in air at 10 cm from the collimator 
face of the camera. Finally, a point source of 200 to 300 Ci of 


__ Tc-99m pertechnetate is counted in air and behind the 9.85 


cm tissue-equivalent phantom in order to derive a build-up 
factor (see Appendix). 

To determine the capsule count rate behind the left ven- 
tricle, a LV region of interest at end-diastole is manually 
drawn from the left anterior oblique 40° gated blood pool 
study (Fig. 1, center). This region of interest is drawn slightly 
greater in size than the area of blood pool activity to include 
the thickness of the left ventricular wall which appears as a 
halo of decreased activity surrounding the blood pool. If the 


halo is not easily identified, the thickness of the septum is used 
to outline the blood pool. 

The esophageal transit study is reviewed, and a count 
profile is generated as the capsule passes through the LV re- 
gion of interest (Fig. 1, right). A capsule count rate from be- 
hind the left ventricle is determined by integrating the count 
profile curve between points which correspond to the time the 
capsule is within the LV region of interest (Fig. 2). 

End-diastolic and end-systolic count rates from the gated 
blood pool images of the left ventricle are then obtained from 
semiautomated regions of interest generated around the left 
ventricle. We use the same regions generated for routine 
ejection fraction calculation from a program provided with 
our nuclear medicine computer system (MUGE, Medical Data 
Systems). This program uses a combination second derivative 
and count-threshold algorithm.1!° 

The end-diastolic and end-systolic LV counts are corrected 
for background by using an automatically generated back- 
ground region which is drawn lateral to the left ventricle in the 
end-systolic frame. During the processing of the ejection 
fraction program the computer pauses and allows the operator 
to accept or reject the automatically generated background. 
The background region is visually inspected to ensure that it 
does not include an area of increased activity from adjacent <° 


. 


vascular structures (aorta or spleen) or decreased activity faam ° 


an area such as a fluid- or gas-filled stomach. If the automat- 
ically generated region of interest is not considered repre- 
sentative of average background, the operator can manually 
select a region from the end-systolic image which is adjacent 
to the left ventricle. In 10 cases the automatically drawn 
background was rejected because it included increased activity 
from adjacent vascular structures. In these cases a manual 
background was selected. 

The total time for acquisition of the end-diastolic and sys- 
tolic images is derived from the average time per frame and 
the number of cardiac cycles acquired. The mathematical 
basis for calculation of the transmission factor and ventricular 
volumes is given in the Appendix. š 

All patients had contrast ventriculography performed 
within 24 hours of the gated blood pool study. Cardiac cath- 
eterization was performed using either the brachial or per- 


L 
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FIGURE 2. Capsule count curve from the LV re- iE 
gion of interest. The capsule swallow study is used A 
to generate a capsule count curve. Points are AE 
chosen (arrows A and B) to identify when the MSE 
capsule is within the LV region of interest. The Ae 
capsule count rate (total counts from A to B/time ah 
from A to B) is derived by integrating the curve RER PENINA po NG oy ie: ies 

eras è Sat, rk scares very ad an $ 3 3 ey. i ' 3 i Ẹ be ' U DU ' REN ‘ Í i 1% 
was terminated after images had been col- 

lected when reflux (R) of the capsule up the IMAGE NUMBER 

esophagus was noted. 





TABLE! Contrast Angiographic and Radionuclide Volumes 


End-Diastolic Volume (ml) End-Systolic Volume (ml) 
Contrast Contrast 
Ventriculography Ventriculography 
REESE AY Rae ee = aS Se ne ee Transmission 
Patient Simpson's Rule Area-Length Radionuclide Simpson’s Rule Area-Length Radionuclide Factor (T) 
1 255 258 278 118 123 120 0.12 
2 156 157 190 42 44 75 0.14 
3 247 230 253 124 123 146 0.19 
4 133 145 155 48 44 75 0.20 
5* 117 111 109 42 39 30 0.14 
6 103 115 95 33 34 49 0.21 
7* 172 158 175 79 76 88 0.15 
8 128 112 149 54 52 64 0.24 
9* - 83 80 88 39 38 40 0.35 
10 162 196 158 71 81 89 0.23 
11 154 163 173 70 70 77 0.21 
12 187 200 177 81 97 91 0.16 
13 115 106 130 32 29 21 0.18 
14 166 184 162 81 109 68 0.26 
15 159 184 178 71 82 84 0.19 
zspo 171 194 177 55 60 70 0.14 
17 129 128 149 72 69 76 0.20 
8 253 289 194 95 114 99 0.23 
19° 292 274 255 200 194 207 0.23 
20° 111 105 92 39 39 42 0.35 
Ae 207 186 187 58 59 63 0.26 
225 91 89 96 27 26 27 0.33 
23* 119 103 101 55 49 28 0.34 
24* 170 147 192 114 100 110 0.19 
25 159 166 165 67 63 82 0.20 
26* 251 218 270 123 107 117 0.20 
27 117 116 121 39 42 54 0.25 
28 119 120 129 61 61 69 0.26 
29 100 92 91 23 20 30 0.15 
30 175 181 176 59 50 59 0.17 
31 284 274 243 86 79 81 0.20 
32 209 209 165 75 86 59 0.15 
33 219 213 208 46 43 53 0.11 
34. 99 97 102 34 30 49 0.21 
35 172 187 185 50 55 62 0.13 
36° 465 419 470 278 255 297 0.28 


* All contrast ventriculography biplane except where indicated by an asterisk. 


A 


end-systolic volumes were obtained from 1 monoplane or 


piplane cine films using both the Dodge area-length formula 
and Simpson’s rule and a semiautomatic computer processing 
tem which has previously been described.!! 
The volumes from gated blood pool imaging were compared 
h the contrast angiographic volumes using a paired t 


Results 


36 patients studied, 5 with chest pain were 

have no evidence of coronary artery disease and 

re otherwise considered normal. Twenty-three had 
‘icant coronary artery disease involving either 1 
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p vessel (n = 


2), 2 vessels (n= 12), or 3 vessels (n 
Eight had regional wall motion abnormalities o a 
aneurysm. Ten patients had either aortic (n = 6) or 
mitral (n = 
disease, 2 also had significant coronary artery dis- 
ease. me 
The volumes and transmission factors dete mil 
from the radionuclide studies are given togethe 
the volumes obtained by contrast ventriculography 
Table I. The correlations for the end-diastolic 
end-systolic volumes are shown in Figures 3 and 
A paired t test at the « = 0.01 level rev: 
nificant difference between scintigraphic and 
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URE 3. Correlation of contrast ventriculography with radionuclide end-diastolic volumes. Left, Simpson’ 5 rule calculation. Right ea-length : 


lation: SEE = = standard error of the estimate. 


"e y+0.93x ~0.03mI 
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4) valve disease. Of those with valvular _ 


id-diastolic volumes using either Simpson’s 

) or an area-length (AL) calculation (p >0.80). 
the end-systolic volumes the p values were 0.02 <p 
for scintigraphy versus contrast ventriculography 

V) using the area-length calculation and 0.001 <p 

1 using Simpson’s rule. 

here was 1 patient in our series with a very large (465 
entricle. If this patient were eliminated, there 

le change in the correlation coefficients or 

or of the estimate. Eliminating this patient, 

lation between gated blood pool imaging 

and CV (SR) was 0.93 (CV [SR] = 1.01 GBP — 

9 ml; standard error of the estimate [SEE] = 21.5 ml) 
diastole and 0.94 (CV [SR] = 0.91 GBP + 0.89 ml; 
JE = 12.8 ml) for systole. Similarly the correlation 
tween GBP and CV (AL) was 0.88 (CV [AL] = 0.96 
BP + 6.6 ml; SEE = 27.8 ml) for diastole and 0.92 (CV 
4] = 0. 91 GBP + 211 ml; SEE = 14.5 ml) for sys- 


0 randomly selected patients the calculation of 
iransmission factor was repeated by 2 independent 
servers. Using: a paired t test there was no significant 
ference at the « = 0.01 level between the 2 observers’ 
es (0.6 <p 50.8): 


_ Discussion 


bility tor measure absolute LV volumes using 
ae blood poni imaging has many ad- 


\ vea T index of LV volume. How- 
r studies aed regression heres 


sinto account attenuation. To do this, 

umed a uniform linear attenuation 

to measure the distance from the 

enter of the left ventricle. 

ped a new technique which makes no 

mut, attenuation or geometry. We di- 

i transmission factor in each patient. 

he ame position in which the left an- 
d blood pooli image is acquired. 

sion factors measured in our 

) 0.35 with an average of 0.21 

easurements varied by as 

xpress the regression curves, 

al® and Slutsky et al,} in the 

1x + b, where y = contrast ventricu- 

= radionuclide volume index (net 

/{blood sample counts/ml]), b = y 

lope of the line, we see that the slope 

ere T is our measured transmis- 

Appendix). Therefore, we can 

r that. equals the reciprocal 

regression line. The regression data 

ehmer,® Links,® and their co-workers 

on factors of 0.13, 0.16, and 0.29, re- 


represent average transmission 


into 1 regression equation. These values are comp: 
with the range of values we have measured direct 
is evident from the wide range of values we ha 
served that it is necessary to measure a trans 
factor individually for each patient. a 

Several potential sources of error exist with ibe 
dionuclide method. The first is the method of edge | 
tection used to define the systolic and diastolic bo 
of the left. ventricle. The previous ‘studies ci 
either manually drawn regions®® or computer 
detection.®” We have used a semiautomated e 
tection program. The reproducibility of this p: 
was previously validated? and the use of automa 
regions of interest makes the technique more tep 
ducible. 

A problem common to any radionuclide study is is 
determination of background. We have used a reg 
of interest drawn adjacent to the left ventricle. Sig 
icant differences in volume could be expected if th 
were large variations in the determination of ba 
ground. 

When the left atrium is enlarged, it may be diffie 
to separate LV activity from left atrial activity in 
standard left anterior oblique image. Counts from 
left atrium could affect the accuracy of the LV volu 
determination. If necessary, a caudal tilt of the co: 
mator can be used to better separate the left.atrium an 
left ventricle. In this series of patients, we did n 
tempt to systemically evaluate the contribution. fr 
left atrial counts. 

A large left atrium can also displace the esopha, 
posteriorly. If the left atrium is enlarged and positi 
between the esophagus and left ventricle, it could 
to an underestimation of the transmission factor 
had only 4 patients in this series with large left. 
Atrial enlargement did not appear to be a significe 
problem in these patients. 

In our laboratory the determination of LV volute 
using this technique adds approximately 45 minutes 
the time required for acquisition and processing o 
routine resting gated blood pool study. To date, we hi 
found that the capsule swallow is well tolerated. 
patients. We have observed much variability in the 
needed to complete the swallow. Most younger patient 
with normal heart size can complete the swallow withi 
30 to 60 seconds. Older patients with normal heart siz 
may take as much as 5 to.10 minutes for the capsule t 
reach the stomach. This difference most likely refl 
age-related changes in esophageal motility. A larg 
atrium or left ventricle can also slow esophageal tran: 
We have found it very helpful to feed the patient asn 
cracker followed by sips of water when esophag 
transit is slow or the heart is enlarged. Little technica 
skill is required to perform the capsule swallow, bu 
patience is needed when esophageal transit is slow. ' 
have now begun to use the method routinely in ou 
laboratory and are applying the technine to an evel 
larger population of patients. 

In summary, we have developed.a new technique: fo 
determining absolute LV. volume from gated blood poo 
images using an in vivo point source to correct for tissue 
attenuation. Our early experience with the techniqu 

with 





ping their patient data rap 





Left ventricular palates at end-diastole and end-systole 
ere computed for each patient. The basis of these determi- 
ations is as follows: 

1. Point source calibration. A 200 to 300 uCi source of 

Tc-99m is used to determine the build-up factor (B)!? ac- 














B= + era a) 
To 


count rate (counts/s) behind phantom from the 
é int ‘source, l'o = count rate in air from the point source, p 
ar attenuation coefficient = 0.15 cm~}, and d = phantom 
kness = 9. 85 cm. 





Ip = Pew 2) 


re I, = measured capsule count rate behind phantom and 
= value obtained from Equation 1. The transmission factor 
T) is given as 


T = evrd = 1 (3) 


yhere Lry = capsule count rate behind the left ventricle and 
= value obtained from Equation 2. 

Left ventricular volumes. The absolute LV end-diastolic 
olume (LVEDV) can be calculated as follows: 


VEDV = = count rate from left ventricle 


in the end-diastolic frame (LVED)/ 
(count rate [counts/s]/ml from blood sample XT) (4) 


here LVED = total counts in left ventricle 

in end-diastolic frame-background counts/ 

time per frame X number of cardiac cycles. (5) 
e count rate for all blood samples was corrected for isotope 
ecay by 


Ag = A ye0-693(t—to)/P 1/2 (6) 





‘of the gated blood pool study (time, t = ta), Ac = activity of the 








os ren = activity of the blood at the midpoint of acquisiti 





blood sample at: midpoint of counting the blood in the petri 
dish (time, t), and T,/2 = half-life of technetium-99m = 6.02 
hours. 

The left ventricular end-systolic volumes are simailarly di de-. 
rived using the end-systolic counts. 
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pose of this study was to determine whether 15; (4). abrupt presentation of a supermaxima ; 
ventricular response during exercise radio- load (400. W), n = 10; (5) graded exercise to 
ngiography would be influenced by exer- load of 75 W preceding the abrupt presentati 
ocol. One hundred twenty healthy volun- a supermaximal work load (300 to. 400 W), n= 
aged 18 to 40 years) performed upright bi- Protocols 2 and 3, representing less than max 
cercise using 1 of 5 protocols. Ejection stress, yield higher ejection fractions than P 
‘aS measured using first-pass radionuclide 1 and may reduce the sensitivity of exercis 
shy. Exercise protocols were as follows: nuclide angiography. Protocols 4 and 5, repr 
1) grad exercise (25 W increase every 2 min- supermaximal stress, yield lower ejection | 1 
ut igue, heart rate >85% of age-predicted than Protocol 1 and may reduce the specifici 
53; (2) graded exercise to 85% of exercise radionuclide angiography. Thus, exe: 
| maximal heart rate or to fatigue with protocol has a significant influence on the left 
% of age-predicted maximum, n = tricular response during exercise radionucli 
graded exercise to tatigue, with “exorcise” giography. : 

























































70. #70 e7 o7 67 68 72 70 78 68 
47774449" O73 170 80 148* 57° 164° 65 
us Protocol 1. EF = ejection fraction; HR = heart rate. We 






















test ng (OXD is important in the from this and other laboratories have: süğgested tl 






on of patients with known or sus- factors related to exercise protocol may influence | 
lar disease. Hemodynamic and left ventricular response to exercise and, accordingly 
: data obtained during GXT are the interpretation of diagnostic radionuclide angic 










markers of coronary artery dis- raphy. These include adequacy of exercise,’ tempo 
hniques including myocardial sequence of imaging, and degree to which the exerc 
ium-201 and ventricular is graded,!°:!! The present investigation was design 
etium-99m have been shown to evaluate the influence of exercise protocol on the l 
racy of GXT.3-6 ventricular response during exercise radionuclide < 
se radionuclide angiogram giography. Healthy volunteer subjects were used. 
nding of the normal and ab- subjects for this investigation in order.to remove th 
sponses to exercise, as well as potentially confounding effect of patients with ches 
iety of technical factors. Reports pain and normal coronary arteries who have often been 

sn DENA used as control patients in studies of this nature. 




























sease Section, Department of Medicine, 
hool (Milwaukee Clinical Campus), aues Methods 
aukee, >, Wisconsin. ible re- 











Subjects: The subjects: for this investigation. were 1 
healthy male volunteers aged 18 to 40 years (Table I). All 
subjects were normotensive, asymptomatic for. cardiovascular 
disease, and demonstrated normal electrocardiographic, he- 
modyHanng, and symptomatic responses during screeni 

















TABLE! Characteristics of the Subjects* 














Protocol 
1 2 3 4 5 
53 26 15 10 16 
2948 32+ 11 3148 2845 31+6 
178+7 17846 17647 180247 17747 
75410 76410 7347. 7848 78414 
Mean + standard deviation. 


symptom-limited GXT. On the basis of age, lack of symptoms, 

and normal exercise test results, the likelihood of significant 

coronary artery disease in this population is very low.!2 Ninety 
of the subjects (75%) were regular exercisers while the re- 

maining 30 (25%) were sedentary. Twenty-six (22%) had a 

mily history of cardiovascular disease and 18 (15%) were 
mokers. None were taking medications at the time of study. 

It subjects provided informed consent before participa- 
On... 

Protocol: Each subject was assigned to 1 of 5 exercise 
rotocols, or was placed in a particular protocol on the basis 
f responses during the exercise test (Protocol 1 versus Pro- 

col 2). All exercise was performed with the patient in the 
pright posture on an electrically braked bicycle ergometer 

W: E: Collins, Braintree, Massachusetts) at a pedal frequency 
0:to 80 rpm. Resting radionuclide angiograms were ob- 
ined before exercise with the subject seated on the ergometer 
ı a position identical to that employed in the subsequent 
cercise study. 
Protocol 1 represented symptom-limited GXT with the 
ject attaining >85% of the age-predicted maximal heart 
te. The exercise radionuclide angiogram was obtained 
iring exercise while the subject continued to pedal the er- 
meter at the peak work load attained. The work load was 
5 W initially and was increased by 25 W increments every 2 
utes. The electrocardiogram (V5) and blood pressure were 
tained at the end of each stage of exercise. Fifty-three 
bjects completed this protocol. 
‘Protocol 2 was identical to Protocol 1 except that the 
subjects stopped secondary to fatigue before the heart rate 
eached 85% of the age-predicted maximum (n = 11) or were 
studied: during submaximal exercise when the heart rate 

ached 85% of the age-predicted maximal heart rate (n = 15). 
total of 26 subjects completed this protocol. 

Protocol 3 was identical to Protocol 1, except that in addi- 
on to the study performed during maximal exercise, an ad- 
tional study was obtained immediately after exercise. In- 

ion of the radionuclide for the postexercise study coincided 

1 the cessation of exercise. The results of this study have 
eviously reported.§ For purposes of comparison with 
| 1, the postexercise study was taken as the “exercise” 
‘ifteen subjects completed this protocol. 

ol 4 represented the abrupt (<1 second) presentation 
supermaximal work load (400 W) which was continued 
0 seconds. This represents sudden strenuous exercise and 
been previously reported from this laboratory.!° The ex- 
se radionuclide angiogram was during the last 15 seconds 

the. 30-second work bout. The electrocardiogram was 
onitored throughout the exercise and blood pressure was 


measured during the last 15 seconds of exercise. Ten subjects 


mmpleted this protocol. _ 







Protocol 5 represents the effects ofw warm-up ön the response ; 
udden strenous exercise and has, in part, been previously 
rted.1! Each subject performed 6 minutes of incremental 
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FIGURE 1. Schematic presentation of the exercise protocols employed < 

in this investigation. Protocols 1 to 3 were accomplished during or after 
graded (25 W every 2 minutes) incremental bicycle exercise beginning’ 
at a work load of 25 W. Protocols 4.and 5 represent abrupt increases. 

in work load from rest (Protocol 4) or graded submaximal prorclse 
(Protocol 5). 





work load was then rapidly increased to a work load calculated 
to represent approximately 125% of the subject’s previously ` 
determined maximal working capacity. This work load was- 
continued for 30 to 60 seconds and the exercise radionuclide 
angiogram was obtained during the last 15 seconds of exercise. 
Ten of the 16 subjects in this protocol were also studied atthe 
end of the warm-up period. The electrocardiogram and blood —__ 
pressure were measured at the end of each stage of warm-up a 
and during the last 15 seconds of exercise, 
The structures of Protocols 1 tọ 5are depicted achen tically ; 
in Figure 1. Protocol assignment was not entirely randomin _ 
that Protocols 3 to 5 were performed as separate studies 
during a longer period of time in which Protocols 1 and 2 were _ 
completed; only physically active subjects were assigned to 
Protocol 4 (out of concern for subject safety); and subjects I 
completing Protocol 3 were also included in Protocol 1. a 
Radionuclide technique: First-pass radionuclide ang ue 
grams were obtained with a computerized multicrystal scin- 
tillation camera (Baird System 77, Bedfo J: 
The technique employed has. been, 
ously.!° 10,11,13,14 




























ee and left ventricular ejection fractio 
and during exercise, as well as rest to e 
variables, were compared using anal 
exercise protocol as the main effi 
rameters as covariants. Whe 
noted, individual comparison 
or unpaired t tests as appr ir 
cepted as Balen a sig 








sented in Table IL oasis of co 
signifient main effect (protoco! 
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70 + 12 67 + 12 l 67 +10 72417 
177 + 11% 149 + 16tt 170 + 197 143 + 14tt 
8 77 + 14 TIEI | 79% 25 
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are € TABLE Ill Comparison of Protocol 1 Subjects _ 
wiables were tested using ¢ tests for paired Demonstrating Increased or Decreased LVE 
ones ot Lv These are presented in Table From Rest to Exercise” 
10 Decreased Increased 


LVEF LVEF 
: (n= 21) (n= 32). 
Age (yr) l 2949 2847. 0. 
Height (cm) 17648 17845 0.21 
Weight (kg) 74411 76410 0 
Resting heart rate 71+ 13 BFE IT 
(beats/min) os 








Resting double product... 81 +22 TEA AS 0.8 
(mm Hg X beats/min: : - Ro 
X103) : 2 
Resting LVEF (%) fae 74$60 5° O77. í 
Maximal heart rate 177 £10178 E12 0. 
aana and | is representative of the (beats/min) -- S EE 
in pedaling the ergometer while Maximal double product > 339 £38- 340 +44. 0. 


Pe eager gees min H “beats/min ; 
scintillation camera as well as the fr X102 3 


rcise tests to be limited by local Maximal LVEF (%) = oo 68 E7 T27 
F did not change significantly * Mean + standard deviation. N 
during Protocol 1. In 21 cases J E 
creased from rest to exercise. 
ise decrease in LVEF was 18% the lowest’ absolute valve otidbeved was: 50%. As i 
ciated with normal symptom- Protocol 1, the resting LVEF was significantly relate 
regional wall motion responses. to the change in LVEF with exercise (r = 0. 
u for peak exercise LVEF ob- (ALVEF = 45.1—0.59 [rest LVEF]). r 
1 was 54%. Individuals demon- During Protocol 3 the heart rate was 89.6 + 8.2 
ed LVEF from rest to ex- the age-predicted maximal heart rate during the 
1) -Only the resting mediate postexercise imaging period used for cor 
ese groups. The change ison to Protocol 1. This was not significantly. f 
to exercise was signifi- from that observed during Protocol 1: The LVE 
ith the resting ejection creased significantly from rest to immediately 
d by the following re- exercise. Both the absolute value of the postexer: 
VEF = 38.6 —0.52 (rest LVEF as well as the rest to postexercise change in LV 
were significantly different from Protocol 1. A ce 
art rate Beid to 79.6 + parison of the LVEF responses at rest, peak exercis 
maximal heart rate. LVEF and immediately after exercise is presented in Figur 
05) from rest to exercise. 3. Heart rate decreased significantly from peak to 
of the LVEF or exer- mediately after exercise although the absolute mag 
tude of the decrease (5 beats/min) was small. LV. 
not change significantly from rest (67.9 + 4.1%) te 
exercise (69.2 + 3.4%), then increased : ignific 
during the postexercise period (80.4 + 5. o%). 
; ng Protocol there wasa significant decre: 





























us exercise. This response was significantly different 
‘han observed in Protocol 1 and occurred. despite a 
_ comparatively small increase in heart rate and double 
product. 

‘During Protocol 5 the ejection fraction was decreased 
during peak exercise relative to the resting studies, This 
also occurred despite a lower response of heart rate and 
ouble product compared to Protocol 1. The serial re- 
onses of the 10 subjects studied at rest, during sub- 
ral exercise control studies, and during peak ex- 
e are presented in Figure 3. LVEF increased from 
e resting (66.0 + 5.2%) to control exercise studies (70.5 
6.3%), then decreased significantly during super- 
maximal exercise (64.8 + 8.2%). The decrease in ejection 
‘raction from the submaximal exercise control study to 
upermaximal exercise was significantly lower than 
observed without warm-up during Protocol 4. 
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; that in Protocol t, which: represents the reference standard tor this investigation. 


th Discussion. ee 

The zeneral principles of GXT have evolved greal 
since Master and Jaffe! first introduced the concept _ 
of exercise electrocardiography and a standard exercise _ 
protocol. These principles ‘are well summarized by i 
Bruce. !* Protocol 1 conforms to these principles i in 
several important ways: (1) exertion is initially s 
maximal, (2) increments of work output are sma 
each stage is of sufficient duration to allow physi 
adaptation, (4) functional capacity is related to exercise _ 
duration, (5) the work is familiar to most adults, and (6) _ 
exercise is terminated for patient specific facto s. Pro- 
tocol 1, accordingly, represents the reference standard 
for this investigation. Other studies have demons! 
that various factors may exert a significant influence on. 
the interpretation of diagnostic GXT. These include the _ 
adequacy of exercise,”:!7!8 the temporal sequence-of oe 
imaging,®” and resting LVEF .!8-2! j ce 


















EXERCISE: 


LEFT VENTRICULAR EJECTION FRACTION 





o PROTOCOLS 













a Duig Protocol 2 exercise was stopped either during 
submaximal exercise when 85% of the age-predicted 
eart rate had been attained or secondary to fatigue but 
low (<85% age-predicted maximal heart rate) 
art rate response. Failure to achieve an adequate 
art rate response has been shown to reduce the yield 
0 ‘lectrocardiographic abnormalities during treadmill 
ind failure to attain adequate levels of either 
or double product? has been shown to re- 
nostic sensitivity of exercise radionuclide 
hy. The same absolute values for heart rate 
uble product cannot be applied to the present 
a because of the difference in age between this group 
ung normal subjects and other series using mid- 
aged subjects.’”-!8 Nevertheless, the results from 
col 2 suggest that expectations of the LVEF re- 
to exercise based on symptom-limited GXT with 
heart rate response may not be valid with a less 
story heart rate response. This observation is of 
lar importance, since termination of GXT at a 
ercentage of the age-predicted maximal heart 
is a relatively common practice in laboratories 
ploying radionuclide angiography. 18-20 Tn the context 
_ of the less-than-maximal exercise test is the issue of 
: fun ; m capacity. ‘Gibbens et al? demonstrated that 



































: Likew ports on exercise testing are rable 
wi observ ions that good effort tolerance minimizes 
, iC significance of positive electrocardio- 
ags,2? whereas poor effort tolerance is a 
“ognostic factor independent of electrocar- 
ic Taponen 2324.. 


















e tter i images. The results of the 
indicate, however, that the he- 





cise. Thisi is true despite only modest 
k heart rate and double product. The 
L EF during the first few seconds 
/ serve to mank abnormal left ven- 


y of pe -pass radionuclide 
s E demonstrated by 


s an extreme violation of GXT 
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FIGURE 3. Serial ejection fraction: responses during Protocols 3 (rest 
peak exercise, immediately after exercise) and 5 (rest, 75 W exercis ji 
peak exercise). ; 


with very low work capacity may: inadvertently sti 
exercise protocols at supermaximal work loads. Fo: 
example, completion of the first stage of Protocol 1 re- 
quires an oxygen uptake of about 600 ml/min. Fora 70- 
kg patient, this represents about 2.5 multiples of th 
resting metabolic rate. Functional capacity will be lowe: 
than this in a small but significant number of patients. - 
Thus, for these patients even the first stage of a well- 
designed GXT protocol may be functionally equivalent _ 
to sudden strenuous exercise in young athletes. Int 
pretation of the exercise radionuclide angiograi 
patients with very low exercise tolerance should, a 
cordingly, be tempered by these findings. i 
Protocol 5 was accomplished as a follow-up" to our _ 
published findings in Protocol 4 and, like Protocol 4, 
represents a somewhat contrived example that, re- 
gardless, may be of clinical significance. The results of © 
this protocol suggest that warm-up exercise does n 
completely normalize the response to abruptly pre 
sented supermaximal exercise. The serial studies (Fig 
3) indicate, in concurrence with the findings in Protoco 
3, that LVEF can change dramatically during very short 
time periods and can significantly affect the interpre 
tation of the exercise radionuclide. angiogram. As wi 
Protocol 4, the exercise pattern employed in Proto 
5 is unlikely to be intentionally employed clinical 
However, if an exercise protocol involves relatively large 
increments between stages, the work load could go from 
clearly submaximal to clearly supermaximal and create 
a situation similar to Protocol 5. 
The importance of the resting LVEF on the LVEF 
response to exercise has been previously discussed. 18? 
The present results confirm these findings. The slope 
of the regression line between resting. LVEF and t 
change in LVEF (—0,52 in Protocol 1, and —0.59 in 
Protocol 2) is similar to that described previously and 
suggests the great importance of resting LVEF to th 
regults of exercise radionuclide angiography. Tt also 





suggests that the LVEF response cannot be viewed 
outside the context of the total left ventricular response, 
including changes in left ventricular volume,!® resting 
LVEF,}8-2! age,28 heart rate response,’!8 and functional 
capacity.” It suggests the utility of a multivariate ap- 
proach to defining the LVEF response to exercise.?9 It 
-also indicates the importance of accurate measurement 
.of left ventricular volumes during exercise. We have 
‘chosen not to report left ventricular volumes in the 
resent series because we, unlike Upton et al,°° have 
found left ventricular end-diastolic volume to be poorly 
reproducible using the angiographic silhouette method 
and because attempts to develop a geometry-indepen- 
ent method similar to that employed with gated blood 
pool angiography’! are not complete. 
_ The results of this investigation obviously suggest 
that the LVEF response is related to how the exercise 
load is. presented. This suggests that considerable 
standardization is necessary before literature values can 
‘be used to define the “normal” LVEF response and, 
thereby, provide the reference standard for diagnostic 
‘testing. It is pertinent to point out that regardless of the 
exercise protocol, the LVEF never fell below 48%. This 
suggests that the absolute value of LVEF may be as 
important diagnostically as the pattern of LVEF re- 
‘sponse. This remains an interesting problem for future 
study since it suggests that a single radionuclide an- 
giogram may be effective, thus minimizing the cost, 
radiation exposure, and processing time for these 
studies. `. 
The implications of the present investigation to 
clinical exercise testing using first-pass radionuclide 
angiography are clear. The present results indicate that 
comparatively minor variations in exercise test protocol 
can yield considerable variations in the LVEF response 
to exercise. Accordingly, laboratories using this proce- 
dure should ensure that the technical aspects of GXT 
are comparable before relying upon literature-based 
values for normal and abnormal responses with this 
procedure. The lack of correlation between the behavior 
of heart rate-double product and LVEF during the se- 
rial studies in Protocols 3 and 5 further suggests that the 
hemodynamic situation implied by changes in heart 
rate-double product should not lead to unwarranted 
assumptions regarding other indexes of left ventricular 
function. In the context of previous studies relating to 
the LVEF response’“11:18-21,28 and of studies demon- 
trating multiple factors influencing the interpretation 
f clinical exercise testing,?2-24 the present results in- 
dicate that the overall utility of exercise radionuclide 
ngiography in the diagnosis of cardiovascular disease 
ay also depend on compliance with the principles of 
GXT. 
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Coronary hemodynamic effects of controlled left 
tricular outflow obstruction simulating aortic 

yalve stenosis were studied in 20 open-chest dogs, 
with and without graded coronary artery diameter 
rrowing. Aortic stenosis was regulated so that a 

an left ventricular-aortic pressure gradient of 46 

20 mm Hg (mean + standard deviation) was 
created as both heart rate and stroke volume were 
: ‘unchanged. In addition, during aortic stenosis, mean 
: aortic pressure (105 + 17 to 84 + 15 mm Hg, p 
<0. 05) and diastolic pressure time index/systolic 

: ime index ratio (1.2 + 0.3 to 0.6 + 0.2, p 


(T+ 4to 14 + 6 mm Hg, p <0.05) in- 

_ With no coronary narrowing, mean coro- 

increased during aortic stenosis (53 + 23 
/ 


often accompanied by clinical, elec- 
rdiographic, and histologic findings that suggest 
a ischemia. i These findings usually imply 


ary artery disease. ! 12 hot most patients with 
portant oronary artery disease and aortic stenosis 
n some: series ss approximately 75% of mid- 


nistration, , Gainesville, Florida, and grants from the 
NC lation Florida a Affiliate, ‘St. Petersburg, Florida, 


982. ‘Robert L. Feldman, Box J-277, Division of 
ilis: Miller -Health ‘Genter, University of Florida, 


+ 0. a} (allp <0. 05) Peak reactive hyper c 

also decreased (168 + 85 to 125 + 73 ml/mi 
<0.05). This value with no coronary narrowing w 
similar to peak hyperemic flow with 60% narrowi 
without aortic stenosis. With 90% coronary nar- 
rowing, mean coronary flow decreased with 
without aortic stenosis. Transmural flow tion 


(0.86 + 0.19 to 0.61 + 0. 25, respectively; P 

<0.05). 
These data suggest that although mean coronary 
orti ndocardial — 


flow may be limited, and coronary res xpo 
during reactive hyperemia ‘appears decreased 
When a coronary artery is narrowed, aortic stenosi 
has an even more important hemodynamic influenc: 
on the coronary: circulation. 


dle- agod patients with aortic stenosis and normal cor 
onary angiograms also have angina. Patients with ao 
stenosis have both left ventricular hypertrophy 
changes in aortic and left ventricular pressures. ithe 
or both of these factors would conceivably alte ef 
ventricular perfusion at rest and during stress.. 

The problem of aortic stenosis and myoca 
ischemia has been evaluated previously, but results h: 
often conflicted. In patients with aortic stenosis, b 
normal and reduced left ventricular blood flow p 
mass has been reported.?-6 A seemingly appropri 
increase during isometric or exercise str 
reported.+5 In contrast, reduced flow responses a 
pharmacologic or ischemic induced vasodilation wer 
also reported.®”? The diastolic pressure time index 
systolic pressure time index (DPTI/SPTD ratio 
reduced in many patients with aortic stenosis 
short-term animal models, studies usually suggest 
increase in basal c coronary flow.®-10. Some studies hav 
also indicated changes in transmural myocard al bk 
flow and metabolism, whereas others haye no 
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866 AORTIC STENOSIS AND CORONARY NARROWING 


We investigated coronary hemodynamic responses 
due to acute aortic stenosis in an animal model without 
left ventricular hypertrophy. This model of aortic ste- 
nosis was chosen to allow evaluation of the coronary 
hemodynamic effects of changes in aortic and left ven- 
tricular pressure that occurred during aortic stenosis, 
separate from changes related to left ventricular hy- 
pertrophy. Results were obtained with and without 
coronary artery narrowing. 


Methods 


Animal preparation: Twenty large healthy dogs (average 
weight 29 kg, range 20 to 40) were studied. After premedica- 
tion (1 mg/kg of morphine), dogs were anesthetized (either 100 
mg/kg of alpha-chloralose or 30 mg/kg of pentobarbital) and 
intubated. Respiration was controlled to maintain arterial 
blood gases and pH within the physiologic range. A left tho- 
racotomy was performed in the fifth intercostal space, and the 
heart was supported by a pericardial cradle. Both carotid ar- 
teries, the ascending aorta, and either the left circumflex or 
anterior descending artery were isolated. 

Instrumentation: Electromagnetic flow probes were po- 
sitioned on the proximal coronary artery and ascending aorta. 
Use and calibration of these probes in our laboratory has been 
described previously.14-!6 Catheter tip micromanometers 
(Millar) were positioned in the left ventricle from the right 
carotid artery and left atrial appendage. After confirmation 
of equally sensitive calibration, the catheter positioned from 
the right carotid artery was withdrawn to the ascending 
aorta. 

Creation of coronary narrowings: Two techniques were 
used to create controlled reduction of coronary diameter. In 
8 dogs, a calibrated snare was used.!4~!6 In 12 dogs, narrowings 
were created with 1 mm long plastic occluders chosen to pro- 
duce estimated narrowings of 60, 80, and 90%.14-16 

Creation of reversible subvalvular obstruction: Re- 
versible subvalvular obstruction was created using a balloon 
catheter positioned in the left ventricle (Fig. 1).1%12 Magnitude 
of outflow obstruction was controlled by manipulating cath- 
eter position or balloon size with fluoroscopic or pressure 
monitoring or both. The aortic flow signal was monitored to 
detect the presence or absence of aortic insufficiency.!5:!7 In 
3 experiments the left ventricular-aortic obstruction was re- 
leased simultaneously with release of the 10-second coronary 
occlusion. The purpose of these additional studies was to 
verify that the coronary bed was at least as responsive during 
the aortic stenosis period as during control periods. 





Endocardial/epicardial ratio: The endocardial/epicardial 
ratio was determined by radioactive microsphere (8 to 10 um) 
technique in 12 experiments.!8 Approximately 3 million 
spheres were injected into the left atrium. Injections were done 
when a 90% narrowing was applied to either the proximal 
anterior descending or the circumflex artery. Thus, either the 
anterior or posterior region was perfused by an artery with a 
90% narrowing, and the other left ventricular region was 
perfused by an artery without narrowing. 

At the conclusion of the experiment, the heart was removed 
and placed in formalin for 72 hours. The left ventricle was 
“bread-loafed” into 4 slices. Samples from the anterior and 
posterior papillary muscle regions of the middle 2 slices were 
divided into endocardial, midwall, and epicardial pieces and 
weighed. The number of radioactive counts/gram in the en- 
docardial and epicardial pieces were used to estimate 
transmural flow distribution. In experiments in which endo- 
cardial/epicardial ratios were measured, coronary narrowings 
were created with plastic occluders. Ratios were combined 
according to whether perfusion was through an artery with no 
narrowing or a 90% narrowing. 

Experimental sequence: Each experiment consisted of 
3 periods beginning with a first control period. Each period 
consisted of a “sequence” of duplicate recordings at fast trace 
(100 mm/s) and slow trace (2.5 mm/s) of flow, and pressure 
signals before and after a 10-second complete coronary oc- 
clusion. This was repeated after a 60 and 80% coronary nar- 
rowing had been applied for 5 minutes. The 10-second coro- 
nary occlusion was omitted after a 90% coronary narrowing 
was applied. During the aortic stenosis period, the balloon was 
inflated, positioned, and fixed. Flow and pressure stabilization 
(+5%) occurred in <5 minutes, and approximately 10 minutes 
was allowed before measurements were repeated. During the 
second control period, the balloon was deflated. Five minutes 
after pressure and flow stabilized, recordings were repeated 
again according to sequences outlined for the first control 
period. 

If differences between repeated responses within a period 
were >10%, the sequence was not used in this report. When 
differences <10% were found between paired reactive hy- 
peremic responses, the higher value was used. However, if 
small differences (<10%) were found comparing systemic or 
coronary hemodynamic values from the 2 control periods, the 
value closest to that during aortic stenosis was used for com- 
parison. 

Measurements and calculations: All measurements were 
made over at least 10 heart beats and averaged during control 
and aortic stenosis periods with no coronary diameter re- 
duction and with narrowings estimated at 60, 80, and 90%. > 


FIGURE 1. Left ventriculogram end-diastolic (left) and 
end-systolic (right) frames (left lateral projection) showing 
the balloon catheter positioned in the left ventricle below 
the aortic valve. No mitral regurgitation was seen. @ 
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Total coronary y blood flow before O-second occlusion was as used Se 
index of basal flow. Peak reactive hyperemic flow was 


ed as an index of flow reserve. Indexes of coronary artery 

stance were calculated as ratios of mean aortic pressure 

mean coronary flow, mean aortic pressure minus left 
ntricular end-diastolic pressure and mean coronary flow, 
d late diastolic aortic pressure minus left ventricular end- 
iç pressure and late diastolic coronary flow. Systolic and 

hasic coronary and aortic flows were quantified by 

e areas out and weighing them on an analytic 

PTI/SPTI ratio and the mean systolic pressure 

re calculated from the left ventricular and aortic 

gnals by weighing the respective portion of the 

recting for calibration. This technique yields 

coeffi cient of variation <1%. Stroke: volume was calculated 


2 initial apatroke of the aortic velocity signal to the 
ere it crossed the zero baseline. The aortic flow signal 


essu e trace, with the. balloon deflated in the left ventricle 
aken as zero aortic flow.!°17 


lysis of results and definitions: Mean values and 
| deviations were calculated. An analysis of variance 
ated measures, Duncan’s multiple comparison pro- 
d a paired t test were used for statistical compari- 
tiple regression analysis was performed to test the 
variables for a relation with the endocardial/epi- 

ng control and aortic stenosis and the change 

m a control to aortic stenosis: mean coronary 
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Results : 

Evaluation of recordings with the balloon cath 
“fixed” did not suggest variable left ventricular out 
obstruction in any dog. Specifically, no addi 
changes in either aortic pulse pressure or flow 
observed during monitoring. In addition, wh 
ventricular micromanometer was moved with 
ventricular cavity, no intraventricular rat 
detected. 

In some dogs certain’ variables were not obtained 
in 2 dogs 2 complete experiments were done. Acce] 
aortic velocity signals were not obtained in 5 €; 
ments. In 5 experiments, hemodynamic instability 
veloped during aortic stenosis when the coronary a 
was transiently occluded with or without coron 
narrowing. Values at these times were excluded f 
analysis. Because hemodynamic measurements 
stable at other times during these experimente 
data were included; 

Hemodynamic findings (Table 1): During 
stenosis, the left ventricular-aortic pressure grad 
averaged 46 + 20 mm Hg (range 18 to 122 mm H 
whereas heart rate and stroke volume were sir 
control period values. Left ventricular systoli i 
end-diastolic pressures increased, and mean ao 
pressure decreased during aortic stenosis. The s 
ejection period increased and the DPTI/SPTI ratio 
+ 0.3 to 0.6 + 0,2) decreased during aortic sten 
These values were not significantly changed dur 
coronary narrowing: 
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TABLE w Summary ot Coronary Hemodynamic Findings in Acute Aortic Stenosis _ 

















Š “Reactive Hyperemic CBF ira 
CBF (ml/min) % Diastolic CBF (ml/min) aaa a aE SAI eS Mme GIR AT 
No Narrowing CBF 90% Narrowing No Narrowing 60% Narrowing 80%: Narrowing 
Experiment Cc AS C AS Cc AS Cc AS C AS 
cd 79 114 84 89 40 40 316 277 292 237 
a 60 75 91 94 45 60 300 270 210 195 
3. 130 104 86 90 §2 59 260 195 208 143 
4 § 75 88 86 43 50 163 141 128 106 
ae 53 62 89 92 33 33 156 62 111 90 
eB 70 64 82 82 41 23 186 93 150 110 
ars 57 74 78 89 49 49 119 84 111 70 
o8 53 41 79 87 49 29 111 41 94 41 
Ri: 50 60 72 88 40 50 200 140 150 110 
64 73 87 87 27 36 319 246 273 155 
50 72 82 95 40 35 135 125 115 100 
40 52 80 89 28 32 150 120 72 52 
28 36 83 95 20 20 84 76 76 60 
25 34 78 90 — —- 85 43 _ — 
75 98 98 91 60 68 293 173 240 113 
25 28 80 91 23 23 55 50 51 45 
34 46 80 88 28 34 113 101 105 84 
41 49 86 95 37 37 135 103 123 94 
32 37 84 87 25 28 81 69 69 62 
36 48 81 94 28 28 98 84 84 70 
60 70 85 81 50 27 — — — — 
52 56 73 80 36 24 — — — -= 
53.2* 62.3 83* 89 37.8 37.4 168.0° 124.7 140.1* 102.0 
23.1 22.9 5.8 4.3 10.8 13.6 85.3 72.9 713. - St.te: 
= <0.05 comparing control and aortic stenosis values. 





AS = = aortic stenosis; C = control; CBF = coronary blood flow; SD = standard deviation; — = data not obtained. 






nosis (Fig..2). Even in the 5 jxporimente (Numbers 
9, 11, 16, and 20) i in which mean aortic aa be 


Coronary hemodynamic responses (Tables TI and 
Ty: Mean coronary flow with no narrowing was higher 
ing aortic stenosis. As the coronary diameter was 
uced by 60 and 80%, there was no significant change 
n coronary flow with or without aortic stenosis. With 
90% diameter reduction, coronary flow was similar 
h and without aortic stenosis as both decreased 
ompared with values with a lesser amount of coronary 
arrowing (both p <0.05). The diastolic fraction of narrowing cimpaisd with no narrowing aod with 
oronary flow increased during aortic stenosis. The 80% narrowing B miih the 60% and no na 
endocardial/epicardial ratio was reduced during aortic iv 
stenosis with no coronary narrowing. With a 90% nar- 
rowing, the endocardial/epicardial ratio decreased 
during the control period and during aortic stenosis 
ompared with their respective values with no coronary T 
arrowing (both p <0.05). The endocardial/epicardial hyperemia was similar da ‘control and 
atio with the 90% coronary narrowing was lower during _ nosis. Resistance calculated : as the ratio o! 
ortic stenosis (p <0.05). pressure to mean coronary 

oronary artery resistance was lower duking e aortic. ‘Hg/ml/min during contr 
ml/min during aortic 
the ratio of mean. 
end-diastolic pr 
0.76 + 0. 44 and 0 13 ; 












































en oo coronary flow was oat + 1.20 and 1.36 
5mm Hg/ml/min; and resistance calculated as the 


deder end- diastolic pressure to late diastolic coronary 
was 1. 194+ 0.82 and 0.68 + 0. 35 mm Hg/ml/min (all 





é In zach experiment peak reactive hyperemic flow with : 
no coronary narrowing was reduced during aortic ste- 













a (316, 160, and 92 n Vii) than ey i vic R 





(277, 120, and 76 ml/min) and during control (316, 150, 
and 84 ml/min), respectively. 

During the control period there was no significant 
relation between the endocardial/epicardial ratio and 
the coronary and left ventricular hemodynamic vari- 
ables tested. During aortic stenosis, a lower endocar- 
dial/epicardial ratio was usually associated with a lower 
aortic pressure and DPTI/SPTI ratio and higher values 
of the left ventricular-aortic pressure gradient and of 
coronary flow (all p <0.05). When the change in endo- 
cardial/epicardial ratio, control to aortic stenosis, was 
correlated against changes in coronary and left ven- 
tricular hemodynamics comparing the 2 periods, no 
significant relations were observed. However, a trend 
toward an important relation was found for decreases 
in mean and diastolic aortic pressures (both p = 0.08) 
from control values to those during aortic stenosis. 


Discussion 


Creation of aortic stenosis altered coronary hemo- 
dynamic function and increased the coronary hemo- 
dynamic importance of a coronary narrowing. These 
changes occurred in a model without left ventricular 
hypertrophy. In this model aortic stenosis increased left 
ventricular systolic and end-diastolic pressures and 
decreased aortic pressure. Heart rate and stroke volume 
were unchanged. During aortic stenosis when no coro- 
nary narrowing was present, total coronary flow in- 
creased and coronary resistance decreased. The endo- 
cardial/epicardial ratio was lower during aortic stenosis. 
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TABLE IIl Summary of Transmural Flow Distribution in 
Acute Aortic Stenosis 
Endocardial/Epicardial Ratio 
No Narrowing 90% Narrowing 

Experiment C AS Cc AS 
1 1.24 1.30 1.19 0.95 

2 1.01 1.27 0.70 0.81 

3 1.15 0.82 0.56 0.40 

4 1.19 1.07 1.04 0.83 

5 0.99 0.87 0.88 0.91 

6 1.40 1.17 0.94 0.29 

7 0.96 0.99 1.05 0.45 

8 0.96 0.67 1.05 0.39 

10 0.94 1.07 0.71 0.76 

11 1.23 0.95 0.71 0.78 

21 1.30 0.72 0.77 0.45 

22 1.30 0.55 0.77 0.34 
Mean 1.14° 0.95 0.86° 0.64 
SD 0.16 0.24 0.19 0.25 


*p = <0.05 comparing control and aortic stenosis values. 
AS = aortic stenosis; C = control; SD = standard deviation. 


With a high-grade coronary narrowing, total coronary 
flow and the endocardial/epicardial ratio decreased with © 
or without aortic stenosis. However, endocardial/epi- 
cardial values remained lower during aortic stenosis. 
Coronary flow reserve as measured by reactive hy- 
peremia was reduced during aortic stenosis with no 
coronary narrowing. This value was similar to that 
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FIGURB 2. Left, at fast paper speed, coronary flow, aortic flow, and aortic and left ventricular pressure signals during control (top) and aortic stenosis 
(bottom). Right, at slow paper speed, phasic coronary flow signals before and during reactive hyperemia after a 10-second coronary occlusion 
for no coronary narrowing and for 60 and 80% coronary narrowings (control, top; aortic stenosis, bottom). Reactive hyperemic coronary flow values 
during aortic stenosis were similar to those during the control period with higher degrees of coronary narrowing. This example was chosen because — 
fgean aortic pressure was similar with and without aortic stenosis. 
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caused by a 60% coronary narrowing without aortic 
stenosis. Furthermore, aortic stenosis with 60% nar- 
rowing caused reductions in coronary reserve similar to 
those caused by an 80% narrowing without aortic ste- 
nosis. Thus, besides potentially inadequate transmural 
` myocardial perfusion during rest and stress, coronary 
flow reserve could also be limited. The decrease in aortic 
` pressure certainly contributed to the reduction in peak 
reactive hyperemic flow.!9 However, in the 5 experi- 
ments when aortic pressure was similar during the 
control and aortic stenosis periods, reactive hyperemia 
was still lower during aortic stenosis (Fig. 2). 

Inspection of the phasic coronary flow signal revealed 
that most dogs had a reversal of flow during early systole 
during aortic stenosis so that little or no forward systolic 
flow occurred. This has been observed in dogs with 
congenital subaortic stenosis? and during coronary 
angiography in patients with aortic stenosis.2! These 
changes in phasic coronary flow pattern during aortic 
stenosis were probably mediated through alterations 
in aortic and left ventricular pressures. 

Results of previous experimental studies of acute 
aortic stenosis disagreed on the adequacy of endocardial 
perfusion.!°-!2 We found lower endocardial/epicardial 
ratios during acute aortic stenosis. The reasons dis- 
agreements have been reported on the effect of acute 
aortic stenosis on this value were unclear because ex- 
perimental models and the magnitude of left ventricu- 
lar-aortic pressure gradient were similar.!-12 During 
aortic stenosis, the increased left ventricular systolic and 
end-diastolic pressures reflected an increase in demand, 
whereas the decreased aortic pressure reflected a re- 
duced coronary perfusion pressure. Thus, the DPTI/ 
SPTI ratio decreased, and the value was sufficiently low 
to predict a reduction in endocardial perfusion even in 


200 





UM 
uM 


a) 








a model without left ventricular hypertrophy.?2 In a 
model of chronic subcoronary valvular aortic stenosis 
accompanied by compensatory left ventricular hyper- 
trophy, Attarian et al!3 found decreases in endocardial 
perfusion. 

In 3 experiments, we released the left ventricular- 
aortic obstruction simultaneously with the beginning 
of reactive hyperemia. Peak coronary flow was usually 
higher than with left ventricular-aortic obstruction 
maintained or during control (Fig. 3). This seemed to 
indicate at least 2 things: One was that the reactive 
hyperemic response would have been higher but was 
limited during aortic stenosis. The other was that 
myocardial oxygen demands were probably higher 
during aortic stenosis, and the reactive hyperemic re- 
sponse after release of the left ventricular-aortic ob- 
struction unmasked increased oxygen demand during 
aortic stenosis.2° 

These observations were made in an animal model of 
acute aortic stenosis and conclusions drawn may not 
apply to animals with chronic aortic stenosis or to pa- 
tients with aortic stenosis. Although rare, acute aortic 
stenosis can occur in patients (for example, aortic valve 
thrombosis or aortic valve replacement with too small 
a valve in patients with previous aortic insufficiency). 
Several other factors deserve further comment: (1) 
These dogs did not have left ventricular hypertrophy. 
The presence of both left ventricular hypertrophy and 
changes in aortic and left ventricular pressure that occur 
during aortic stenosis would probably have additive 
effects on coronary hemodynamic function. In addition, 
changes in transmural flow distribution have reportedly 
been found in some but not all models of left ventricular 
hypertrophy.!*:24-27 (2) The central-occlusion type of 
outflow tract obstruction caused by the balloon tech- 
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FIGURE 3. Example of phasic coronary flow and left ventricular and aortic pressures before and during reactive hyperemia occurring after a 10-second 
coronary occlusion. Control (A), aortic stenosis (B), and aortic stenosis with balloon deflation coincident with release of coronary occlusion (C) 
are shown. The reactive hyperemic response was least during aortic stenosis (B), intermediate during the control period (A), and greatest during 
aortic stenosis when the balloon was deflated coincident with release of coronary occlusion (C). e 
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Schematic Summary of Effects of Aortic 
Stenosis and Coronary Narrowing on the 
Endocardial/Epicardial Flow Ratio and on Total 
Coronary Flow During Reactive Hyperemia 

_ After Coronary Occlusion 





Coronary Blood Flow 
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Peak Reactive 
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outflow obstruction. (3) Both the left ventric- 
j obstruction and coronary narrowings were 
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The factors that determine the thickness of 
transmural myocardial infarcts are unknown. 
ierefore, the relation between the size and thick- 
$s of transmural infarcts in 67 rats 21 days after 
clusion of the left main coronary artery was 
udied. On examination of histologic sections, in- 
farct size was determined by planimetry and ex- 
pressed as a percentage of the left ventricular (LV) 
area, and thickness was expressed as a percentage 

noninfarcted ventricular septal wall thickness. The 
circumferential length of the infarcted ventricle was 
easured in millimeters, as well as the circumfer- 
ential length of the noninfarcted ventricular septum. 
eptal wall thickness was similar in rats with 
nsmural infarcts and in sham-operated rats. No 
significant correlation was observed between infarct 
e and thickness (r = 0.10) or between circum- 
rential length of the infarct and infarct thickness 
= 0.17). However, large (> 20% of the left ven- 
cle, n = 37) and small (<20 % of the left ventricle, 
= 30) infarcts which were similarly thin (37 + 1% 
and 34 + 2% of septal wall thickness, respectively) 
affected LV topography differently. Large infarcts 
resulted in a 23% greater loss of myocardium (p 








t is now appreciated that the left ventricular (LV) to- 
pography after myocardial infarction is not static but 
t. this chamber may undergo varying degrees of 
nning of the infarcted area, hypertrophy of. the 
ninfarcted walls, and dilatation of the cavity. Tt has 

n suggested that thinning and expansion of the in- 

ct may be associated with poor cardiac function, in- 
ed mortality rates, and ventricular wall rupture.! 
information is available concerning the deter- 

nts of these topographic changes. This tady.: as- 
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<0.001), greater expansion of the LV cavity (8 + x Sg 
9 mm? compared with 14 + 1 mm? in small infarcts, 

p <0.005), and lengthening of the septal wall (7.2 
+ 1.1 mm and 6.7 + 1.0 mm in large and small in- __- 
farcts, respectively [p <0.05], and 6.3 + 0.1mmin 
shams). Increase in cavity area and septal length 
in infarcted ventricles suggested a volume overload 
hypertrophy, which at 3 weeks was nonetheless 
inadequate to provide as much normal muscle as 
was present in sham-operated rats. In an additional __ 
9 rats with subendocardial infarctions (involving. 
<75% ot the LV wall from endocardium to epicar 
dium), the LV wails were thicker (94 + 5 % of septa 
wall thickness, compared with 35 + 1% for 
transmural infarcts, p <0.001) and an inverse cor- 
relation was observed between infarct size an 
thickness. In conclusion, neither the size of 
transmural infarct in rat nor the circumferentia 
length of infarction determines the thickness of th 
infarct; however, infarct size does affect LV topog 5 
raphy by increasing LV cavity area and the length __ 
of the noninfarcted septal wall. Subendocar: ae 
farcts result in less myocardial thinning t an do = 
transmural infarcts. : 
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wenty-one days after occlusion, the rats were 
‘and the hearts were excised. Sham-operated 
coronary occlusion, also were killed at 21 days 
cotomy.and served as controls. After fixation in 10% 
buffered formalin for 248 hours, the ventricles 
o 4 transverse slices 2 to 2.6 mm thick in a plane 

e atrioventricular groove. The slices were dehy- 

, embedded, and cut into sections 5 um thick, 

ated on 5 X 5 cm glass slides and stained with 

sin and Mallory’s stain for connective 


n ent of extent of infarction: The 2 largest 
‘each heart which traversed the infarct were 
een and the following 3 areas were traced 
aper: (1) the area of the infarct, which was 

as darkly staining blue tissue, (2) the area en- 
ndocardial circumference, and (3) the area 
V epicardial circumference (Fig. 1). The 

red by videoplanimetry as described else- 

LV. area in each section was calculated by sub- 


site and creased as a percentage. Values 
termined for each section; the 2 sections of each 


:T he same 2 7 histologie sections utilized for 
f infarct size were projected onto a screen 
times. The transmural thickness, from 
sardium, of the anterior free wall con- 


taining infarct and of the septal walli was sneasured 
mm along these circumferences (Fig. 2): The thic 
measured along an axis perpendicular to the endoc: 
epicardial outlines. These multiple measurements o! 
were averaged to arrive at a single anterior free wall 
and septal wall thickness for each section. LV fr 
thickness containing infarct was expressed as‘a perce: 
noninfarcted ventricular septal thickness. Valu 
determined for each section, then averaged to obtain 
value for each heart. 

The sham-operated rats were analyzed i ina: simi 
Since none had infarcts, an infarct size ratio could not be 
termined and only LV muscle area was calculated. In 
rather than infarct thickness, the anterior LV fre 
thickness was measured to allow calculation of the ratio of 
wall to septal wall thickness. 

Statistical methods: The data are presented as mean 
standard error of the mean and compared using Student's 
test. To determine whether there was a correlation betw 
infarct size and thickness (ratios), the family regression te: 
was used to provide a coefficient of correlation. i ; 


Results 


In 67 rats that developed transmural myocardial i in 
farcts (Table I), septal wall (noninfarcted tiss 
thickness (2.6 + 0.1 mm) was similar to that in 
sham-operated rats (2.7 + 0.1 mm, difference no 
nificant [NS]). Transmural infarcts resulted ir 
following significant alterations in LV topography whe 
compared with the sham-operated controls: (1) LV 
wall thickness was markedly reduced in the infa 
region (ratio of infarcted to noninfarcted septal walls 
35 + 1% compared with 112 + 2% in sham-opera 
controls {p <0.001); (2) total LV tissue area was redu 
by approximately 30% (38 + 1 mm? compared with 5 
+ 1 mm?, p <0.001); viable LV myocardium was 
duced by 42% (31 + 1 mm? compared with 53 + 1 mm 
in shams, p <0.001),.(3) the area enclosed by the en 
cardial circumference was approximately 250% greate 
(16 + 1 mm? in infarcted rats compared with 6 +0mm? 


a Epicardial circumference of LV 
seceee - Endocardial circumference of L 


niatan Outline of infarcted area 


sae Circumferential infarct Jen j 
` aain Circumferential septal lengt 
-j e Infarct thickness | 


a >| > he Septal wall thickness. : 








Viable LV 
Area 
(mm?) 
3141 
5341 
<0.001 
27+1 
3541 
<0.001 
38+3 
<.01 
<.001 


LV 
Tissue Myocardial 
Area 
(mm?) 

3841 
5341 
<0.001 
3641 
4041 
<0.005 
4543 
<.01 


<.001 


‘Enclosed by ` 
Epicardial 
Circum 
(mm?) 
5441 
5941 
<0.005 
§3+2 
5442 
NS 
5744 
NS 
NS 


Enclosed by 

Circum 
(mm?) 
161 

6840 
<0.001 
1841 
1441 
<0.005 
12+2 

NS 

<0.001 


Endocardial 


Septal. - 
Wall 
Thickness 
(mm) 
2.6 + 0.1 
2.7 + 0.1 
NS 
2.64 0.1 
2.7 0.1 
NS 
2.5 + 0.1 
NS 
NS 





Septal 
(mm) 
7.0 40.1 
6340.1 

<0.001 
72444 

NS 
<0.001 


Circum 
Length 
6.7+1.0 

<0.05 
7.4403 





infarct 
Circum 
Length - 
(mm) 
8.1 42.3 
NA 
9.64 1.2 
6.4 + 2.1 
<0.001 
9.94 0.9 
NS 


Wall (Infarct). 
Thickness 
35414 
1242 
37+1 
3442 
NS 

9445 
<0.001 
<0.001 


Anterior Free - 
(% Septal Wall) 





Size 
(% LV 
Area) 
2041 
NA 
NS 


A ocardial Infarctions and Shams - 


‘infarct S 
2541 

1441 
642 

not applicable. 


~<0.001 © 








Rats 
(n) 
67 
35 
37. 

D 
“9 


of left ventricle} 


i left ventricle) 
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< pValue (C versus D) 
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infarcts 
p Value (E versus A) 
-p Value {E versus B} 
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infarcts (= 20% ~ 
of 
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Circum = circumferential: NA 


p Value (A versus B) 


`- C. Large transmural © 
<E. Subendocardial- 





“A. All transmural 





in shar operate] controls, p <0. 001); and (4 the ¢ cir a 
cumferential length of the noninfarcted septal wall was 
greater (7. 0 + 0.1 mm in infarcted compared with 6.3 + 
0.1 mm in sham-operated rats, p <0.001). No significant _ 
correlation was observed between infarct size and 
thickness (r = 0.10). No correlation was observed be- 
tween the circumferential length of the infarct and i ins 
farct thickness (r = 0.17). 

When the 67 rats with transmural infarcts wer 
vided into 37 with large infarcts (220% of LV mus: 
area) and 30 with small infarcts (<20% of LV m 
area), the ratio of infarct to septal wall thick ss was 
similar (37 + 1% and 34 + 2%, p = NS) (Fig. : 
center), and neither group showed a significa r 
lation between infarct size and infarct thickness | 
0.14 for both groups). Large and small infarcts, however. 
differed in their effect on LV topography. Larger in- a 
farcts resulted in larger LV cavity areas (18 + 1 mm? it m 
large compared with 14 + 1 mm? in small infarcts, p n 
<0.005), and greater circumferential length of the septal _ 
wall (7,2 + 1.1 mm compared with 6.7 + 1. 0 mm in small Ae 
infarcts, p <0.05). The septal wall thickness was. similar E 
in both groups (2.6 + 0.1 mm and 2.7 + 0.1, 
Viable LV myocardial area was less in larger 
with smaller transmural infarcts (27 + 1 mm 
1 mm?). 

Nine rats had subendocardial ivoa; j 
involving <75% of the LV wall from endocardi 
epicardium. In these rats, the thickness oft 
LV free wall in the subendocardium was sig 
greater (2.3 + 0.1 mm) than in those with tra 
infarcts (0.9 + 0.0 mm, p <0.001). Consequ 
ratio of the thickness of the infarcted LV 
that of the noninfarcted subendocardie 
rats with subendocardial infarcts (94 
bottom), was significantly greater than 
with transmural infarcts (35 + 1%, p <0.001) 
Unlike transmural infarcts, a moderate neg 
relation was observed between subendocardia 
size (percentage of LV area) and wall thickne: 
centage of septal wall thickness) (wall thicknes: 
infarct size + 117.8, r = ~0.70, p <0.0 
weak negative ‘correlation. betwee . 
length of infarction and anterior ' 
9 rats (r = i i 
ciated with significant lengthen 
compared with the sham-controls 
was observed in LV cavity 
and atrend ree as l 
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infarcted, measured as a percentage of LV area or 
measured circumferentially. A transmural infarct in- 
volving only a small portion of the LV free wall may be 
as thin as one which involves the entire LV free wall 
(Fig. 3, top and center). Twenty-one days after coronary 
occlusion in our rats, transmural infarcts were ap- 
proximately one-third the thickness of the LV free wall 
in sham-operated rats. 

Transmural infarcts did not cause an increase in 
thickness of the ventricular septal wall but did cause a 
circumferential lengthening of the septum, which was 
not infarcted in any animals. The lengthening of the 
septum without an increase in septal thickness suggests 
a volume overload-type of hypertrophy in the non- 
ischemic myocardium, that is, an increase in cell length 
without an increase in cell diameter. Since the viable LV 
myocardium was smaller in area in infarcted ventricles 
compared with sham-operated animals, the degree of 
hypertrophy was inadequate at this time. Whether the 
muscle eventually hypertrophies to equal that in 
sham-operated animals remains to be determined. This 
increase in septal length coupled with an increase in LV 
cavity area initially may serve to compensate for de- 
pressed LV function through operation of the Frank- 
Starling mechanism. Long-term volume overload may 
result in deleterious changes within the myocardium. 
It remains to be determined whether agents which re- 
duce preload (diuretics), LV cavity area (digitalis), or 
afterload (vasodilators) administered shortly after in- 
farction would prevent cavity dilatation and the 
lengthening of the septum, and perhaps improve long- 
term LV function. 

Although there was no difference in anterior free wall 
thickness or septal wall thickness between large and 
small transmural infarcts, the 2 did differ in some re- 
spects. Larger infarcts were associated with greater 
lengthening of the noninfarcted septum, a larger LV 
cavity area, and greater loss of viable myocardium 
compared with smaller infarcts. The profound increase 
in the size of the LV cavity in rats with large infarcts 
may be due to several factors including loss of tissue, 
volume overload hypertrophy of the viable septum, and 
the process of myocardial infarct “expansion.” A recent 
study suggests that this latter process occurs within the 
first week of infarction in rats.® 
* Subendocardial infarcts resulted in anterior free LV 
walls which were only slightly thinned compared with 
the noninfarcted septal wall or the thickness of the LV 
free wall in sham-operated rats. In subendocardial, but 
not transmural infarcts, a correlation between infarct 
size and infarct wall thickness was observed. Suben- 
docardial infarcts did not cause an increase in thickness 
of the noninfarcted ventricular septal wall, but, similar 
to transmural infarcts, did cause lengthening of the 
noninfarcted septum. Subendocardial infarcts resulted 
in an increase in LV cavity area compared with shams; 
the degree of dilatation was less than that observed with 
large transmural infarcts. 

Our’ observations may be relevant to new clinical 
approaches in treating patients with evolving myocar- 
dial infarction. Recently, coronary reperfusion has been 
shown to be both safe and feasible in the early phases 
of acute myocardial infarction.7® Previous animal 


ok 


studies have shown that early reperfusion may interrupt 
the normal evolution of an infarct and result in a sub- 
endocardial rather than a transmural infarct.’ Thus, it 
is possible that early coronary reperfusion will result in 
less wall thinning and possibly less LV cavity dilata- 
tion. 
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FIGURE 3. Photomicrographs of transverse sections of rat left ventricles 
subjected to coronary occlusion for 21 days. Top, large transmural in- 
farction of the entire free wall showing considerable thinning of the 
infarct compared with the septal wall. Middle, small transmural in- 
farction of the anterior free wall showing an equivalent amount of infarct 
thinning compared with the top panel. Bottom, subendocardial infarction 
showing very little free wall thinning compared with the top and middle 
panels. (Approximate magnification X5.6, reduced 50%.) 
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Yecent studies in man!.? suggest that after ieleretion 
the necrotic tissue 1 may | thin and stretch. This process 
termed infarct expansion has clinical significance as it 
may predispose to increased congestive heart failure, 
ntricular rupture, and aneurysm formation. There- 
fore, measures which would limit such topographic al- 
terations in the left ventricle might reduce the incidence 
of these complications of infarction. 

The present study suggests that the primary process 
irction may cause long-term secondary changes 
e noninfarcted tissue. Noninfarcted septal 
length ning and cavity dilatation may have been a 
1anifestation of volume overload hypertrophy. It is 
sonceivable that some patients with so-called ischemic 
cardiomyopathy, who have had remote infarcts and 
hen present with the clinical picture of congestive heart 
failure i in the absence of active ischemia or new infarc- 
ion, may have an element of LV dysfunction due to 
hronic volume overload. 
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a Thinning Due to Ibuprofen Administration After 
mental Myocardial Infarction 


RD J. BROWN, Jr., 


MD, ROBERT A. KLONER, MD, PhD, 


EDERI K J. SCHOEN, MD, PhD, HAIM HAMMERMAN, MD, SHARON HALE, BS, and 


Gi NE BI BRAUNWALD, MD 


ugh much attention has been directed toward 
ions which reduce myocardial infarct size, 
of such agents on the healing phase of 
| infarction is not well understood. The 
dy examines the effect of the nonster- 
ammatory agent ibuprofen, previously 
be able to reduce infarct size, and 
healing of experimentally produced 
rcts. Thirty-nine. anesthetized, 
were subjected to proximal left 
ing coronary artery occlusions for 
oups of dogs were studied: (1) a 
) group: (2) ibuprofen, 12.5 mg/kg 
minutes and 6, 12, 18, and 24 hours 
(high dose); (3). ibuprofen, 12.5 
usly 15 minutes and 3 hours after 
jose); (4) aspirin, 30 mg/kg intra- 
and 3 hours after occlusion. 
s of the transmural scar and 
ventricular wall was deter- 
asurements of formalin-fixed 
The ratio of transmural scar 

ckness Was determined. 


have been directed 
tions which reduce myo- 


le. 
tions on the healing 
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in control animals the ratio was 0. 87 with only 
of 15 animals having a ratio <0.60. High-dose ib 
profen-treated animals had an average ratio of 0.59 
(difference not significant [NS] compared with 
control values), with 6 of 9 animals having a rati 
<0.60 (p <0.02 compared with control valu 
Low-dose ibuprofen-treated animals had an aver: 
ratio of 0.66 (p <0.05 compared with control 
ues), with 4 of 8 animals having a ratio <0.60 ( 
NS compared with control values). In the aspi 
treated animals, the ratio was 0.88 (p = NS c 
pared with control values), with 0 of 7 anim 
having a ratio <0.60 (p = NS compared with cont 
values). Although 1 of 22 animals had ratios <0.6 
in the control and aspirin groups, 10 of 17 had rati 
<0.60 in the ibuprofen-treated groups (p <0.0 
Scars in treated animals did not differ from thos 
control animals histologically or by analysis of 
droxyproline content per unit weight. Thus, ibupre 
fen, a nonsteroidal anti-inflammatory agent 
reduces infarct size, is shown to increase the 
dence of scar thinning after myocardial infar. 


phase of myocardial infarctions. The healing phase 
been viewed asa process which follows a predi 
morphologic course.?4 That this may not be true 
demonstrated when multiple doses of glucocortic 
were shown to retard the rate of wound healing,’ * ca 
myocardial scar thinning in animals subjected to c 
nary occlusion,® and possibly lead to formation of 
ventricular aneurysms in patients with myocardial i i 
farction.!© We investigated the effect of 2 nonsteroid 
anti-inflammatory agents on myocardial scar formatio! 
ibuprofen, a cyclooxygenase inhibitor, which has b 
shown to reduce experimental | myocardi 

size'!.!? and aspirin, also a cyclooxygenase 


~ one which has no effect on infar 


widely used for the treatment of 
farction pericarditis. ; 








-Methods , 
Experimental preparation: Mongrel dogs of either sex 
‘weighing 10 to 26 kg were sedated with acepromazine maleate 
(1.0 mg/kg subcutaneously), anesthetized with pentobarbital 
(80 mg/kg intravenously), intubated, and placed on a Harvard 
respirator (Harvard Apparatus, Millis, Massachusetts). A 
thoracotomy was performed in the left fifth intercostal space 
under sterile conditions. The proximal left anterior descending 
oronary artery was dissected free from surrounding tissue 
da silk ligature was placed around the artery in a location 
hich resulted in epicardial cyanosis during temporary 15- 
cond occlusions. Generally, the tie was immediately distal 
o the first diagonal branch, approximately 2 cm from the 
origin of the left anterior descending coronary artery. 
Experimental protocol: After the administration of lid- 
ocaine (1.5 mg/kg intravenously), the left anterior descending 
coronary artery was permanently occluded with a silk ligature. 
A second similar dose of lidocaine was administered 5 minutes 
after coronary artery occlusion. The dogs were assigned at 
random, although not in equal numbers, into a control group 
or 1 of 3 treated groups. In the initial phase of the study, dogs 
were randomly assigned to control versus high-dose ibuprofen. 
Later in the study, low-dose ibuprofen and aspirin groups were 
added and dogs were randomized to control or one of these 
groups. Group 1 was the control group; these animals received 
50 ml-of saline solution infused over 5 minutes. Group 2, 
gh-dose ibuprofen, received sodium ibuprofen (UpJohn, 
Damnation, Michigan) (12.5 mg/kg intravenously) in 50 ml 
of normal saline solution infused over 5 minutes, at 15 minutes 
and 6, 12,18, and 24 hours after occlusion (total dose 62.5 
g/kg). Group 3, low-dose ibuprofen, received sodium ibu- 
rofen (12.5 mg/kg intravenously) in 50 ml of normal saline 
lution infused over 5 minutes, at 15 minutes and again 3 
urs after occlusion (total dose 25 mg/kg). Group 4 received 
pirin (30 mg/kg intravenously) in 50 ml of normal saline 
solution infused over 5 minutes, 15 minutes and 3 hours after 
clusion. The thoracotomy wounds were closed, the air was 
acuated from the thoracic cavity, and the animals were re- 
turned to the kennel. At the end of a 6-week period the ani- 
mals were reanesthetized with thiamylal sodium (30 mg/kg 
intravenously) and killed. with an overdose of potassium 
chloride, and the hearts were excised. Potassium chloride 
injection allowed all hearts to be arrested in diastole. 
Assessment of wall thickness: After removal of the hearts, 
the left ventricle was isolated by dissecting away the right 
ventricle and structures above the atrioventricular ring, 
packed with gauze to prevent collapse of the left ventricular 
cavity, and allowed to fix in 10% neutral buffered formalin for 
3 days: After fixation, the heart was sectioned into 3 to 5 
mm transverse sections from base to apex. Measurements of. 
the wall and scar thickness were made on each section as 
shown in Figure 1; all measurements were made along a line 
‘passed through the center of the ventricular cavity. 
wall thickness was measured in 3.to 5 widely separated 
s and an average scar thickness was determined for 
lice. In order to take into account variability in heart 
thickness of the scar was compared with that of the’ 
ninfarcted left ventricular wall, and a ratio of scar thickness 
noninfarcted wall thickness was determined. An average 
tio in each dog was determined by averaging the ratios in 
ch slice containing infarcted tissue. 
S Analysis of infarct (scar) size: After fixation, the heart 
s sectioned into 3 to 5 mm transverse sections from base to 
apex. The normal and infarcted myocardium was traced onto 
a clear acetate sheet placed over the slices. The extent of in- 
farct (scar) at 6 weeks was determined by 2 methods. Tn the 
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FIGURE 1. Schematic diagram demonstrating the technique used to 
determine the ratio of scar to normal wall thickness. ; 


ese 


cardium was measured by planimetry and the area of infarcted __ 

tissue was expressed as a percentage of the area of the entire : 
left ventricle. In the second method, endocardial circumfe: 
ence occupied by infarcted tissue: and entire HT 






















mee as a percentage of (he total endocardial length 
slices of the left ventricle. ; 


a and oven dried to a constant w 
were then hydrolyzed in 6 N hydrochloric ac 
12 hours. After neutralization and decoloriz: 
drolyzate, hydroxyproline was measured by t 
Newman and Logan. 14 * Eydronsprelie 5 cone 




















in paraffin. Two to 3 sections, each stained with hemat oxyli 
and eosin and Masson’s trichrome, were í ed | 

heart by an investigator who had no kne 
The following histologic features of 1 
assessed and graded from 0 (not resent) 
nent), as previously described, 3 

















TABLE | Fate of Experimer 


Operated : 
Total excluded 


Reasons for exclusion : : 
Early ventricular ae 5. 

fibrillation (<30 min). o 

Sudden death (>30 minutes ` a 

: after coronary occlusion) T 

No transmural i 

myocardial: infarction 






analysis 





SCAR THICKNESS 
NORMAL WALL THICKNESS 


scar thickness to normal wall thick- 
Jose (Hi-Dose) ibuprofen, low-dose 
}, and aspirin treated dogs, Closed 
s for individual animals in all 4 
jars represent mean + standard 
-each group of animals. 


ion, (3) neutrophil infiltration, (4) fi- 

d (5) collagen deposition. The histologic 
nal was averaged over several slices. 
lysis: Because the distribution of the ratios 
thickness was nonnormal (Fig. 2), we 
ent groups bythe Kruskal-Wallis teat 
the ratios in the combined sample for 
ae of treatment groups were 


ber 0. 6 was chosen since a recent 
arts with myocardial infarct ex- 
entricular wall had a mean ratio 
all thickness of 0.66.16 We com- 
‘isher’s exact test and multi- 
correct for multiple comparisons 
15 Differences in hydroxyproline 
were determined by the analysis 


among the 4 groups were deter- 
Sheffe’s method for mul- 
infarct size calculated as 
dial circumference within 
Student’s t test for paired 


a tr, sna PN infarc- 


xamina tion and were excluded. This 


Hi -DOSE o-DOSE 


CONTROL IBUPROFEN IBUPROFEN 


ASPIRIN 


aspirin-treated group was not statistically signif an 
None of these 19 dogs had evidence of myocardia’ 
ture on postmortem examination. The ren 
dogs (51.3%) lived for 6 weeks and had transm 
myocardial infarction; the observations in these anim: 
form the basis for the reported results. 
Measurements of wall and scar thickness Fi n 
2 shows the distribution of the ratio of scar thickn 
normal wall thickness in the 4 treated groups. Th 
tributions were significantly. different in the 4 treatme: 
groups based on the Kruskal-Wallis test (p <0.02). Th 
median ratios of scar thickness to normal wall thickn 
were 0.92 (control), 0.68 (low-dose ibuprofen), | 
(high-dose ibuprofen), and 0.84 (aspirin). The contr 
and low-dose ibuprofen groups were significantly. di 
ferent by the Wilcoxon test after correcting for mult 
plicity (p <0.05). The control group did not signific 
differ from high-dose ibuprofen group because 2 an 
mals in the high-dose | group had a thinning index high 
than the median value in the control group. In. th 
control group, only 1 of 15 dogs had a ratio of sc. 
thickness to noninfarcted wall thickness of <0,60. In th 
high-dose ibuprofen-treated animals, 6 of 9 dogs 
hibited severe wall thinning with ratios <0.60 p 
compared with control values) (Fig. 3). Howe er 
4 of 8 animals in the low-dose ibuprofen group had 
vere thinning with ratios <0.60 (p = 0.13, NS compa 
with control values); the other 4 animals had little c 
thinning and appeared similar to control animals ( 
3). The ratio in the aspirin-treated animals did not di 
significantly from that in controls, and none of t. 
dogs had ratios <0.60. The number of dogs in the as} 
rin-treated group with ratios <0.60 differed significant 
from that in high-dose (p <0.05) but not the 
(p = NS) ibuprofen-treated animals. Wh 


‘control animals had ratios <0.60, in pooled il 
~. treated animals 10 of 17 had thinning ratios 





INFARCT THINNING DUE TO IBUPROFEN 


880 





<0.01). In combined aspirin and control dogs only 1 of 
22 animals showed severe thinning, while in pooled 
ibuprofen-treated animals 10 of 17 showed severe 
thinning (p <0.001). Absolute noninfarcted wall 
thickness was similar in all groups: (8.8 + 0.4 mm in the 
low-dose ibuprofen group, 9.7 + 0.2 mm in the high-dose 
ibuprofen group, 9.3 + 0.2 mm in the control group, and 
8.9 + 0.2 mm in the aspirin-treated group; p = NS 
among groups). 

Myocardial infarct size: Myocardial infarct size 
expressed as percent area of the left ventricle and as 
percent endocardial circumference of the left ventricle 
is shown in Table II. There were no significant differ- 
ences among the 4 groups when infarct size was ex- 
pressed as a percentage of either endocardial circum- 
ference or of left ventricular area. There was a trend 
toward larger circumferences of the scars in the high- 
dose ibuprofen-treated animals; this most likely rep- 
resents infarct expansion. 


) 





FIGURE 3. Photographs of transverse left ventricular slices. Black dots 
outline the infarcts and white arrows show the transmural thickness of the 
scars. Top left, 6-week-old myocardial infarction without severe thinning, 
from the low-dose ibuprofen group. The scar (arrows) is pale, white, 
transmural, and just slightly thinner than the noninfarcted wall. Four of 8 
dogs demonstrated little or no thinning in this group, while the remaining 
4 showed severe thinning. Top right, a ventricular section obtained from 
a high-dose ibuprofen-treated dog. The transmural scar (arrows) is con- 
siderably thinner than the noninfarcted wall. The endocardial surface of 
the infarct is seen as a gray surface as one looks down into the ventricular 
cavity. Six of 9 dogs in this group had severe infarct thinning. Bottom, 6- 
week-old myocardial infarction without infarct thinning, from a control 
dog. 


In the control group, infarct size determined as per- 
centage of endocardial circumference (14 + 2) was not 
significantly different when compared with infarct’siZe 
determined as percentage of area (12 + 1). Similarly, in 
the aspirin group, infarct size as percentage of endo- 
cardial circumference (11 + 2) was not significantly 
different when compared with infarct size as percentage 
of area (10 + 1). Neither control nor aspirin-treated 
animals had myocardial scar thinning. However, in both 
high-dose and low-dose ibuprofen-treated animals, 
infarct size measured as a percentage of endocardial 
circumference was significantly larger than infarct size 
measured as a percentage of area. In the high-dose 
ibuprofen group, infarct size as a percentage of endo- 
cardial circumference was 21 + 3 while infarct size as a 
percentage of area was 15 + 1 (p <0.05). In the low-dose 
ibuprofen group, infarct size as a percentage of en- 
docardial circumference was 15 + 2 while infarct size as 
a percentage of area was 12 + 1 (p <0.05). It is likely that 
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SLE Myocardial infarct (Scar) Size (Mean + 
a andard Error of the Mean) 


Ibuprofen 
















a High Dose Low Dose Aspirin 
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Hydroxyproline Concentration in Normal 
_ Myocardium and in Scar (ug/mg Dry Weight, 
a Mean + Standard Error of the Mean) 


Normal Aa Scar 











_Epicardium | Endocardiutn ‘Epicardium Endocardium 





4340.2 — 3.9402 25.3 + 1.2 35.64 2.4 
45403-47407 909436 31.7 +23.3 
45405 33.037 37.127 


“4640.2 29.0428 37.8443 





sential determination of infarctor scar size 
uprofen groups was greater than that deter- 
by area because of circumferential expansion and 
tur hinning of the infarcts. 

4 assay: Normal subepicardial and 
nade up primarily of myocardial 
ttle collagen, as reflected in hy- 
5.0 ug/mg dry weight. 
were contained within the 
ca dium of the scar, with 
e- to sixfold greater 
le IIT). Treatment with 
fect the hydroxyproline 
or normal tissue. 





ae k noted The AEA 
able IV). 









n the e effect of ien on 
gest that this may not always be 
s have been shown to reduce 
ith experimental infarcts,!7-25 





z, 25 to decrease mortality after infarction,?6-28 
ind to control the „pain of Presley 8 s syndrome i in pa- 
iri 





TABLE IV Histologic Summary (6 Weeks) 
i Ibuprofen 


Contro! High Dose Low Dose Aspiti 


(n= 15) (n=9) (n= 8) (ns 
Necrosis score (mean) 0.2 0.1 0. 
Neutrophil score (mean) 0.1 0.6 0. 
Vascularity score (mean) 28. 2.9 BQ 
Macrophage score (mean) 1.8 1.7 1 
Fibroblast score (mean) 2:8. 3.0 DoR 
Collagen score (mean) 3.5 BA 8. 
Dogs (n) with necrosis o 4 A E DRTE 


Dogs (n) with neutrophils 1 Qe Ege 


these suggested salutary effects, there is evidence 
multiple doses of glucocorticoids adversely affi 
healing of myocardial infarctions.7~!° Administr 
of multiple doses of methylprednisolone delays ren 
of necrotic myocardium with reduced phagocytos 
resulting in large sheets of dead but architectur. 
preserved cells (mummification) and in sear thi 
ing.?3! One or 2 doses of methylprednisolone admit 
tered early in the course of infarction does not ay 
to have this effect.? There is also suggestive evide: 
that glucocorticoids interfere with scar formation 
patients with myocardial infarcts. In a patient trea 
with multiple doses of steroids for Dressler’s s 
drome,’® the histology of the infarcted myocardium 
days after myocardial infarction revealed persi 
necrosis, inflammatory cells, and small foci of lo 
brous tissue, findings which one would expect 10 to 
days after myocardial infarction.2-4 An association be 
tween the development of postmyocardial infarctio 
ventricular aneurysms and treatment with glucoco 
coids has also been noted.!° 

Ibuprofen, an agent which has been shown to reduc 
myocardial infarct size in some animal models,! 
initially appeared to be an attractive agent becaus 
its low incidence of adverse effects. Because, like glu 
cocorticoids, ibuprofen is an anti- inflammatory ag 
we designed the present. investigation to look for an 
adverse effects on healing. We chose dose schedules o 
ibuprofen which were similar to the doses which hay 
previously been shown to reduce infarct size. In tk 
present study we chose to examine the healing proce 
at its completed stage. Complete myocardial healin 
occurs in 3 weeks in the rat, 31.6 to 8 weeks in humai 
and approxima ; yi weeks i in dogs,? the time selec 
for this study. 








ar tl nine, defined as a ‘ratio of. 
thickness of the scar to the uninvolved myocardi 
<0.60, occurred in 10 of 17 (59%) animals treated 
ibuprofen; however, the response was not uniform 
the control and aspirin-treated animals signific 
thinning was observed in only 1 of 22 dogs. Howes 
both the collagen content, as reflected in the hydrox: 
proline concentration, and histologic examination r 
sults were similar in control and treated. anim 

suggesting that while the scars were thinner in ibupr. 
fen-treated dogs, the scar tissue was qualitatively s 
ilar in all 4 groups. A recent study by Cannon et 
actually showed improved collagen oppaan inr 








with experimental myocardial infarction treated with 


The mechanism of ibuprofen’ saction on myocardial 
ealing is unknown. Because aspirin did not alter the 
ealing process, the explanation for ibuprofen’s action 

may lie in differences between aspirin and ibuprofen. 
Both drugs are nonsteroidal anti-inflammatory agents 
sxhibiting analgesic, antipyretic, and anti-inflammatory 
operties, Both drugs inhibit prostaglandin biosyn- 
thesis in vitro and in vivo, presumably by inhibiting 
clooxygenase, the enzyme which generates the cy- 
slic-endoperoxides from arachidonic acid. Aspirin and 
uprofen are approximately equipotent as to their ef- 
ct on the inhibition of cyclooxygenase." In addition 
o their effect on prostaglandin synthesis, these drugs 
xert inhibitory effects on a variety of enzymes and 
éllular systems such as oxidative phosphorylation, 
tabilization of protein, and enzyme release from lyso- 
omes.?4 However, several differences exist in the 
mechanism of action of these 2 agents. Ibuprofen sup- 
presses prostaglandin synthesis by competitive inhi- 
tion of cyclooxygenase activity, compared with the 
oncompetitive inhibition by aspirin. Aspirin has the 
nique property of acetylating the active site of cy- 
looxygenase. In platelets, which cannot synthesize 
rotein, this action is irreversible for the life of the cell. !2 
n a study.on the effect of anti-inflammatory drugs on 
leukocyte migration in carrageenan-induced inflam- 
ation, it was shown that aspirin significantly increases 
ukocyte migration, while ibuprofen does not.3® Tbu- 
profen is capable of affecting stimulated granulocytes 
by inhibiting their ability to aggregate, to generate 
lical oxygen, or to damage the endothelial wall. These 
{fects were not demonstrated by aspirin.°6 It is not 
lear which if any of these mechanisms was responsible 
or the difference in scar thickness between ibuprofen 
aspirin-treated animals in the present study. 
Measurement of infarct or scar size after 6 weeks of 
healing would not necessarily correlate well with infarct 
ize measured within a few hours to days of the myo- 
ardial infarction. Over a period of weeks it is possible 
and even likely that topographic changes in the infarct 
occur. In this study there were no significant differences 
n infarct size among groups when measured as a per- 
entage of the area or circumference of the left ventricle. 
hen comparing the size of infarct by the 2 different 
methods, percent area and percent endocardial cir- 
mference, we detected differences in both ibuprofen. 
ps, while no difference in infarct size measured by 
ese 2 methods was noted in either the control or as- 
groups. We believe a possible explanation for the 
difference in infarct size when using the 2 meth- 
afarct expansion and thinning. 
Infarct expansion was first recorded by Tennant and 
iggers®’ and the concept was developed by Bulkley, 
utchins, and co-workers.18:38-40 They described infarct 
*xpansion as a thinning and dilatation of infarcted 
myocardium. Postmortem studies revealed that this 
rocess occurred not only in animals with experimen- 
ally induced infarcts'® but also in approximately one 
hird of patients with transmural myocardial infarc- 


































a 563. 
“23, Johnson AS, 
ions.2° If expansion occurred early i in the ibuprofen Oe 


groups, before the deposition of collagen, scar tissue 
would then be deposited onto a thinned and elongated 
area of necrotic myocardium. It is: possible that. the 
mechanical explanation for scar thinning is early infarct 
expansion. The similar hydroxyproline content. in 
thinned and nonthinned scars is evidence that thinning 
or expansion does occur early, before collagen is rder 
posited. ; 
The clinical significance; of our observations is not. 
clear. Although reduction in the amount of infarcted _ 
tissue after coronary occlusion continues to bea major _ 
clinical concern, it is possible that the final prognosis — 
of a patient with myocardial infarction depends also omo 
the outcome of the healing phase. oe 
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_ Effects of Flurbiprofen i in Altering the Size of Myocardial 
Infarcts in Dogs: Reduction or Delay? 


AVID E. CHAMBERS, BS, DEREK M. YELLON, PhD, 
AMES M. DOWNEY, PhD 


\nti-inflammatory agents such as flurbiprofen have 


DAVID J. HEARSE, PhD, and 


tissue slices were subjected to autoradiography 





en claimed to reduce infarct size in a number of 
models of coronary artery occlusion. However, 
everal of the studies are controversial and also do 
iot allow the critical distinction between reducing 
nd delaying injury. In the present study, a closed 
hest method of coronary occlusion was used to 
jenerate small areas of regional myocardial 
ischemia in dogs. The method involved cannulation 
f the coronary ostium by way of the carotid artery 
and coronary embolization with 2.5 mm diameter 
eads. Flurbiprofen (1 mg/kg) was given immedi- 
itely after occlusion and thereafter every 6 hours. 
Groups of dogs were subjected to either 6 or 24 
hours of elapsed ischemia, after which time the 
arts were removed and sectioned. Frozen-tissue 
lices were stained with: triphenyl tetrazolium in 
rder to delineate infarct size. After staining the 


clusion were visualized to delineate the perfusion 
bed served by the occluded coronary artery (zone. i 
at risk). Risk zone to infarct size ratios for drug 
treated and control animals revealed that flur- 
biprofen treatment had no effect upon infarct size _ 
as determined 24 hours after occlusion. Despite _ 
significant residual coronary flow in the ischemic _ 
area, virtually all of the risk zone deteriora! y 
necrotic tissue. By contrast, after 6 hours of lapsed 
ischemia, infarct size was considerably re 

the flurbiprofen-treated group. With the pro so ; 
the drug might have affected only the sensitivity to 
tetrazolium staining, these results indicate that in __ 
severe ischemia, flurbiproten can greatly del 
not prevent tissue necrosis. 



















umerous studies have aimed to identify interventions 
vhich protect the myocardium during ischemia.! Un- 
ortunately, no single intervention has gained wide- 
pread acceptance and controversy persists, not only 
r the efficacy of certain drugs, but over the entire 
oncept of infarct size reduction itself.?4 Most studies 
ave failed to distinguish between a sustained reduction 
ersus.a delay of i injury. ? This problem is particularly 
elevant when infarct size is assessed soon (for example, 
hours). after occlusion. Another major problem has 
een the variability of injury arising from a standard 
lusion,.® This variability makes.it difficult to perform 
tatistical comparisons in small groups of animals, even 
vhen the amount of salvage is great. The variability has 
peently b been reduced by expressing ths eventuala zóne 
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FIGURE 1. Typical autoradiogram matched to dye tracing. Autoradio- 
gram of transverse myocardial sections; each small spot corresponds 
to a single cerium-141-labelled microsphere. Well-perfused, non- 
ischemic areas exhibit a high density of spots, whereas the area served 
by the occluded coronary contains very few, thus producing a “window.” 
The infarct is indicated by the solid outline, and Hex ventricular lumen 
is indicated by the solid black area. 


_ esthetization. A femoral cutdown was performed and a cath- 


eter was placed in the femoral artery for withdrawal of a cal- 
ibration blood sample during microsphere infusion. The left 
carotid artery was exposed by way of a midline cervical inci- 
sion and a special cannula! with a pressure transducer at- 
tached to a side arm was inserted into the carotid artery. The 
cannula was then advanced into the coronary ostium. Inser- 


f tion of the cannula was confirmed by a decrease in pressure 


from aortic to a distal coronary value of about 20 mm Hg. Two 

plastic beads, 2.5 mm in diameter, followed by 10 ml of saline 
Slaticn each, were sequentially administered through the 
cannula so as to embolize the coronary vasculature. Our ex- 
perience with this technique in open-chest dogs indicates that 
the beads lodge firmly in place and cause a permanent oc- 
clusion. The cannula was then withdrawn from the coronary 
ostium and advanced past the aortic valve into the left ven- 


-tricle. Twenty million microspheres labelled with cerium-141 


and having a 15 wm diameter were then injected into the left 
ventricle. Just before microsphere administration, a 90- 
second withdrawal of arterial blood from the femoral artery 
was initiated. This blood sample served as a reference for 
calculation of regional blood flow.!7 The cannula was then 
removed. Dogs were randomly divided into 4 groups: Group 
I was subjected to 24 hours of untreated ischemia. Group II 
experienced 24 hours of ischemia with flurbiprofen (1 mg/kg) 
after microspheres and thereafter every 6 hours. Group III was 


autoradiogram =] 
stained slice om | 


tissue 


trace am | 


FIGURE 2. Delineation of risk zones and infarct zones. Each stained 
tissue section (center) reveals the zone of necrosis (black shaded 
area); the viable tetrazolium positive tissue adjacent to this and sur- 
rounding the lumen is the lightly shaded area. From this tissue section 
a tracing on acetate sheet (left) can be prepared to record the outline 
of the necrotic tissue. An autoradiogram (right) is also prepared from 
the tissue section and this indicates the risk zone (no silver grains). 
Superimposition of the acetate trace and autoradiogram allows the 
detection of tissue salvage or infarct extension relative to the original 
zone at risk. 


subjected to 6 hours of ischemia with no drug, and Group IV 
experienced 6 hours of ischemia with a single dose of flur- 
biprofen (1 mg/kg) immediately after microspheres. The 


cutdowns were then reconstructed and the animals returned — 
to the recovery room. All surgery was carried out under sterile — 


conditions. To prevent thrombus formation behind the em- 
boli, heparin (5,000 units intravenously) was given every 6 
hours. Blood samples for serum drug level determinations 
were also removed every 6 hours in 3 dogs. Heart rate, elec- 
trocardiograms, and blood pressure were recorded throughout 
each experiment. 

Tissue processing procedures: At the end of each ex- 
perimental period, dogs were reanesthetized and the chests 
opened. The hearts were removed, weighed, and frozen. Once 
frozen, the hearts were sliced transversely into 5 mm thick 
sections. 

Infarct visualization: The slices were placed in 1% 
weight/volume tripheny] tetrazolium in phosphate buffer at 
37°C and were incubated for 20 minutes.!® The contour of the 
interface between stained and unstained tissue in each section 
was marked with a fine line of disulphine blue dye using an 
artist’s brush. The necrotic tissue within the blue boundary 
line was painted with fluorescein dye. This step was necessary 
because the triphenyl tetrazolium stain, although plainly 
visible in warm tissue, was not readily seen once the tissue was 
frozen as was required in the subsequent step. 


Autoradiographic risk zone visualization: After staining, — 


tissue slices were placed on an acrylic sheet (20 X 25 X 4mm). 
A layer of plastic film was then placed over the tissue slices 
and on top of this was placed a sheet of x-ray film (Kodak no 
screen NS-ZT). A second acrylic sheet was then placed on top 
of the x-ray film and the 2 sheets were held tightly together 
in a specially made wooden press. The press was placed in a 
light-proof box and stored at —20°C for a suitable exposure 
period. Fresh microspheres require a 24-hour exposure period. 
The exposure period must then be doubled for each half-life 
which elapses. The film was then removed and developed. 
Figure 1 shows a typical autoradiogram. Care was taken not 
to let the tissue, which was firmly frozen to the lower acrylic 
sheet, thaw. Just before developing, the exact position of the 
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TABLE! 


_ Hemodynamic and Infarct Size Data for the 4 Groups 












= Risk-Zone 












Infarct Size Risk-Zone Sizes Heart Blood 
Experimental Infarct (% of Total Size = oe (% oF Total Rate Pressure A 
Group Size (cm*) Ventricle) (om?) 0 Mentriclé) (beats/min) (mm _ Hg) a 
Drug 24 hours oO ee iota 
Mean 7.98 3.35 9.38 ; 3.89 ! 194 180/149 
Coe SEM 1.76 0.83 1.94 i 0.92 9 10/8 
; Control 24 hours 
oo Mea 12.22 4.86 13.51 5.26 207 
2.10 0.81 2.60 0.88 Ho. 
0.110 0.139 0.157 0.19 0.184 
1.98 0.64 11.63 3.9 194 
0.77 0.35 1.85 0.77 12 
12.01 3:47 16.24 4.83 204 
4.79 1.00 4.78 0.92 > 4g 
0.044 0.018 0.178 0.18 «0.36 































error of the mean. 


tissue section in relation to the film was recorded by driving 
a sharpened probe through 2 predrilled holes in the acrylic 
sheets, thus piercing both the film and the tissue (Fig. 2). 
Data analysis: A clear acetate sheet was placed over the 
slices and the outline of the sections, the ventricular lumens, 
the 2 register holes, and the infarcts were traced. This tracing 
could then be superimposed on the autoradiogram using the 
2 register holes for precise alignment. The x-ray film revealed 
the blood flow pattern around the area served by the occluded 
‘tery and thus defined the risk zone. A tracing and its auto- 
iogram are shown in Figure 1. The cerium-141-labelled 
rospheres produce sharp spots in the autoradiogram. 
dies with specially prepared phantoms indicate that the 
pots: identify individual microspheres in the tissue and that 
ére is little exposure of the film between the spots. This is 
unlike technetium-99m-labelled microspheres, which produce 
blurred autoradiographic image.’ In Figure 1, the field of the 
luded artery is easily identifiable as the region of the au- 
‘adiogram which is devoid of spots. This is designated the 
gion at-risk, The volume of the region of risk was calculated 
by planimetering the area of the risk zone for each slice and 
ultiplying this by the thickness (5.0 mm) of the section. The 
alues for sequential slices were summed to provide the total 
volume for each heart. Using a similar procedure, the total 
lume of the necrotic tissue was calculated. 

_ Blood flow measurements: In order to quantitate regional 
yocardial blood flow, 4 samples (approximately 250 mg each) 








stain as a guide, 2 samples were taken from the center of the 
j farcted region (1 from the epicardium, and 1 from the en- 


BLE n “Bead Locations for the 4 Groups o of Animals 
: - Studied 


‘First Ter- Fist 





Second Ter- 


Branch minal. Branch. Branch minal 
Group LAD LAD Circumflex Circumflex Circumflex 





24 hour contro 2 =) 2 0 te 2 4 
24 hour drug 0 3 20 mee | 4 
6 hour control: 0 5 = Ie ee einen i 2 
6 hour drug Ce eee er 2 i 2 








for each group. LAD = left anterior cece 





ere taken from each heart. Using the tripheny] tetrazolium: 


L The numbers refer:to the incidence of an embolus in that location A 





p.= value of significance between drug and control experimental groups experiencing the same length of coronary occlusion; SEM = standard i ; 





docardium) and 2 samples were taken from the epicardial and 
endocardial regions of normal myocardium well-remote from 
the infarct. The tissue samples were then weighed and counted _ 
using a gamma counter. Blood flow was then calculated? — 
Animal numbers and subdivision: A total of 39 dogs were 
taken for study. Six of these died from aortic rupture or an- 
eurysm {a hazard of the “blind” coronary cannulation pro- __ 
cedure) before or just after embolization. An additional 2 dogs 
died from ventricular fibrillation soon after coronary embol- __ 
ization, Of the remaining animals, 17 were randomly assigni 
to the 24 hour series (8 drug treated and 9 controls); however, — 
1 of the latter group died 4 hours after embolization, probably __ 
as a result of injury sustained during cannulation ora lethal 
arrhythmia. Fourteen were assigned to t ries (7 
drug-treated and 7 controls). 
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Results _ 

Two. series of studies were carried out 
infarct sizing and risk-zone analyses w 
24 hours after embolization. In the seconc 
surements were taken after only 6 
The second series was carried ¢ 














th group. In ee 
produsi ci ut 5 





group, the mean ee t size we 
control group, the e value W was 12. 


zone. These ‘variables are © plotted for cis group: 
Figure 4. In Figure 5 the size of the infarct 
centage of ventricular mass is plotted against { 
), which are, a course, determined before the of the region at risk as a percentage of the ven 
mof the drug. Table Lalso shows the heart mass, as was done by Jugdutt et al.!° Note th 
sure measurements for the 2 groups. polation results and A me lines projec 
tee confirm that only 1 pop- | poi 
taboos the locations of the 


size pe the 24- our treatment and 
control group. — 
Six hours of elapsed ischemia: Although i 
that flurbiprofen cannot afford a sustained protecti 
fs J against ischemic injury, it may well delay injury, as i 
the reports we found no correlation be- dicated by the 6- hour reniy of Darsee et al.!° The pre- 
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FIGURE 4. Tissue salvage and risk z 

`. centage of the risk zone which survived (p 
salvage) after 24 hours of ischemia is. plotte 
the absolute size of the risk zone; No correl 
found, and the: flurbiprofen-treated hearts (closed 
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ading protocol was therefore repeated except that the 
duration of elapsed ischemia was reduced to 6 hours. 
‘The results (Table I and Fig. 3B) reveal that in the 
drug-treated groups the amount of necrotic tissue at 6 
hours, as revealed by tetrazolium staining, was.a.much 
smaller fraction of the zone of risk than that seen at 24 
hours (17.3 + 5.7% versus 84.0 + 5.0%). In the 6-hour 
ontrol group this fraction (68.5 + 9.2) was not signifi- 
antly different from that in the 24-hour control group 
91.8 + 3.2%). The difference between the 6-hour 
drug-treated group and 6-hour control group, however, 
was highly significant when expressed as infarct mass 
(p <0.04), percentage of ventricular mass (p <0.02), or 
as a percentage of the risk region (p <0.002): These re- 
ults, which agree with those of Darsee et al,!° indicate 
hat flurbiprofen delays tissue injury as assessed i by 
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30. circles) do not segregate from the con ae 
(open squares), suggesting that niy 1 populate: ; 
exists. 3 ae 











tetrazolium staining at 6 fours. By 24 hours: however: ae 
the drug-treated hearts had clearly sustained the same _ 
degree of injury as the control hearts. _ 

When infarct size is s expressed: a as 


















segregate into 2 different population, T 
with the 24-hour group (Fig. 5) and agai 
observation that at 6 hours infarct si size wass 
the drug-treated group: -= 

Blood flow studies: In order to asce 





















ischemia | tissue samples were cranvete 
of the ischemic zones and the  mierosphere 















: 6. Relation between infarct size as a percentage 
the ventricular mass and risk-zone size as a percent- 
2 of ventricular mass after 6 hours of elapsed ischemia. 
e trol hearts; closed circles, flurbipro- 
Note that in comparison with Figure 
l: groups. segregate into 2 different 
licating that at 6 hours the infarct size was 
s a result of rd treatment. Lines are fit by the 

es method. 


INFARCT SIZE AS A PERCENT OF VENTRICULAR MASS 





hese regions. The results showed a sur- 
ariability. All of the ischemic tissue 
duction of flow by at least 75% and the 
ded to be higher in the subepicardium 
\docardium, although these differences 
> statistical significance, probably due to 
» data. No differences were seen be- 
1ps,  Padicating that they were indeed 


is or coronary artery surgery 
however, distinguish 


he responsiveness of 
his caution is particu- 


: 6 Hours 


a CONTROL 
@ DRUG 





RISK ZONE SIZE AS A PERCENT OF VENTRICULAR MASS 


nately, the distribution of flow in and around a an inf: 
changes during the first 24 hours.'41521 Thus, if 
drug had any effect upon blood flow patterns around 
ischemic zone, it might be incorrectly interpreted 
change in infarct size. In our study, the risk zone 
marked with radioactive microspheres immediai 
after coronary occlusion and before the drug was 
ministered. The only possible effect the drug could | 
had on the delineation of the risk zone would be to h. 
induced some loss of microspheres from the myoc 
dium over the 24-hour ischemic period. Although s 
(9 um) microspheres can be lost during extended per 
ods of ischemia and although this loss may be au: 
mented by the process of necrosis,?? we used 15 p 
spheres for the present study and their loss, even fr 
necrotic myocardium, appears limited. | 

Other differences between our study and that 
Jugdutt et al are related to the surgical procedures 
Jugdutt used.an occluder which was placed on the: 
cumflex artery several days before occlusion and in 
process of ‘implanting the occluder, sympathetic ı nervi 
to the region supplied by that vessel were likely t 
disrupted. Jones et al?* have reported that sym] 
ectomy stimulates collateral growth; thus, it is 
ceivable that the hearts in the Jugdutt et al stud: 
have developed a better collateral circulation than th 
used in our study. One difference in protocol fror 
model is that our study required the use of anest 
whereas Jugdutt et al were able to induce occlusion 
the conscious animal. The possibility that the hype 
tension and the tachycardia associated with the an 
thesia might have augmented the extent of necro i 
cannot be ruled out. 

One additional difference is related to thes size of th 
ischemic bed under study. We induced ischemia by in 
troducing a plastic bead into a coronary artery, theret 


generating a pelea small a area of ichemia compar 








with those of others.!!2:!3 In our study only about 5% 
_ of the ventricular mass was rendered ischemic. Since 
< Schaper et al” have suggested that collateral flow to the 
center of an ischemic region is inversely related to the 
mass of that region, it can be argued that our smaller 
risk zones should actually improve the chances of a 
beneficial drug action. Furthermore, if there is a sal- 
ageable zone of tissue of finite thickness at the pe- 
phery of an ischemic region, then the ratio of sal- 
ageable tissue at the periphery to condemned tissue 
t the core should be increased as the absolute mass of 

e ischemic zone gets smaller.” 

The autoradiograms obtained in these studies re- 
vealed a‘sharp interface between well-perfused tissue 
and ischemic tissue. Some investigators believe?®:?? that 
progressive gradients of flow characterize the transition 
between normal and ischemic tissue. Other groups, in- 
cluding ourselves,?4*! believe that the interface is sharp. 
The findings in the present study further reinforce this 
view. 

In studies by others,™!10%-13 tissue salvage has been 
emonstrated at the lateral borders of the infarct. In the 
present study, we also observed a lateral region of tissue 
salvage at 6 hours. Although this zone had disappeared 
by 24 hours, it does support the view that certain areas 
within the infarct may be more amenable to protection. 
We observed that if any viable tissue remains within the 
sk zone after 24 hours, the tissue inevitably is subep- 
icardial in location. This can probably be attributed to 
greater collateral flow to the subepicardium than to the 
ubendocardium. In the present study, microsphere 
counting suggested a transmural gradient of collateral 
flow, which would agree with the previous re- 
arts, 15.32 

Since about 10% of the subepicardium survived in 
hese hearts, any long-term beneficial drug effect would 
ave been expected to have increased the size of that 
zone. Ina previous study?’ from this laboratory, using 
a similar procedure for estimating changes in infarct 
ze, propranolol increased the amount of epicardial 
alvage from 15 to nearly 40% of the risk zone after 24 
hours of ischemia. Thus, some interventions do promote 
salvage in this model. 
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y the relation between myocardial thal- demonstrated a biexponential configuration. 
1) | early fast release component decreased w 
ductions in coronary flow, and the later slow re 
) were pertusot i for 3 hours at constant flows component did not vary significantly with flow. ` 
ing from physiologic (12 ml/min) to severely data show that thallium clearance has at lea ; 
1.5 ml/min); thallium activity was moni- cc 
scintillation probe. Each heart was à 

r 1 hour with thallium buffer, followed by intracellular) component independen 
1 thallium-free buffer at the same flow flow. These findings should be useful in pr 
curves for. all 4 flows were better understanding of thallium redistribution 

owever, release curves during served clinically. 

ashout with thallium-free buffer 













































prad use eol halkum: 201 (T1-201) Gewirtz et alë demonstrated no change in the rate 
ing, confusion still exists about the T1-201 release from ischemic versus nonischemic le’ 
201 release from normal and ventricular myocardium, using myocardial  biops 
Yet, the determination of rel- evaluation of Tl-201 activity in the canine left an 
tribution and its change over descending coronary artery occlusion model after i 
ically to evaluate patients travenous administration of T1-201. In a later stud 
hel Change in Gewirtz.et al® substantiated this finding in the sam 
Biter intravenous ad- model by evaluating arteriovenous Tl-201 difference: 
in ischemic and nonischemic regions. Recently, G: 
wald et al! studied the impact of ischemia on myocardi: 
Tl-201 release after administration of an intracoron: 
dose in order to evaluate its release without the com 
plicating effects of T]-201 in the systemic arterial blood, 
as would be the case clinically. These investigato) 
found a slowing of T1-201 release as blood flow was rı 
duced, which seemed paradoxical, considering th 
similar behavior of thallium and potassium ions in b 
ological systems}0-14 and the known release of pota 
um which occurs during myocardial ischemic 
sult. 15-17 

The present study uses isolated retrograde perfuse 
rat hearts to clarify further the impact of ischemia o 
myocardial T1-201 uptake and release. Hearts are pel 
fused at constant flow rates for the 38-hour duration ¢ 
each experiment. The flow rates vary from 12 ml/min 
(control) to hypoperfusion rates of 6,3, or 1.5 ml/min. 
During the first hour of perfusion, a thallium- labelled: 
buffer was used. In this model, Tl-201 accumulation and _ 
retention in the myocardium may be ry ee without. 


























the ebiapliditings: due to the uptake and release of carder was ined: During bach esperiment, the heart rate and 
T1-201 by other organs or by neurohumoral factors ex- left ventricular peak systolic pressure were recorded at base- 
- ogenous to the heart. Thus, by monitoring the global line, after 1 hour (at the end of the TI-201 perfusion period), — 


2 4 « ` : and after 3 hours (at the end of the period of perfusion with ` 
retention of T1-201 by the myocardium during the 2 T1-201-free buffer). 


hour release period, the influence of reduced coronary The perfusate, a modified Krebs-Henseleit buffer aed 
flow could be investigated. Observations of T1-201 ac- of Na? 118 0 mM, KCI 4.7 mM; EDTA (2Na +» 0.5 mM, 
cumulation and release patterns in this model should KH,PO4, 1.2 mM, MgSO, 1.2 mM, CaCl 1.75 mM, NaHCO; 
e useful in understanding T1-201 release patterns as 25.0 mM, and glucose 11.0 mM, with a pH of 7.4. The buffer 
hey might be measured in patients using new quanti- was warmed to 37°C in.a water bath and bubbled with 95 













































tive approaches.!8.19 oxygen and 5% carbon dioxide for at least 10 minutes befo: 
pene Methods use and for the duration of each experiment. The. 
was delivered with a Masterflex roller head 7016 pump and 
Male Sprague-Dawley rats (Charles River Breeding Lab- was recirculated during the 1-hour uptake period but as ot 





oratories, Wilmington, Massachusetts) weighing 320 to 370 recirculated during the 2-hour release period. ees 
‘were anesthetized with Nembutal® (10 mg/100 g) adminis- A gamma scintillation probe (Ludlum model 2200) v was 
tered intraperitoneally. Hearts were isolated and the coronary positioned 5em from the long axis of the heart and 1 was fi fitted 
rteries were perfused retrogradely from the aorta using a with an 8 mrn thick lead collimator that was 3.5 cm in length... 
modified Langendorff technique (Fig. 1). After transverse The body of the probe was also wrapped i ina 2 mm thick sheet 
incision of the abdominal cavity, the diaphragm was tran- of lead. The gamma probe window was set at 60 to 90 keV.” 
sected and the anterior chest wall was reflected to expose the Two perfusates were prepared: 1 with 1 ml of Tl-201 (0. 25 
heart. The heart and proximal aorta were isolated from the to 1.0 mCi/ml) added to 500 ml of buffer and the other without 
distal aorta, pulmonary artery, pulmonary veins, and venae any radionuclide. Experiments were performed with flow held 
avae. The heart was then placed in a shallow dish of iced constant at either 12, 6,3, or 1.5 ml/min for each 3-hour ex- 
normal saline solution. After exposure of the lumen of the periment. During the first hour of each study, the iso tedrat 
proximal aorta with fine, blunt tweezers, the heart and prox- heart was perfused with thallium-containing The 
mial aorta were lifted and the proximal aorta was placed ap- T1-201 buffer was then discontinued and followed 
proximately 3 mm onto an aortic cannula. The proximal aorta of perfusion with buffer free of T1-201. During the pe: : 
was secured around the cannula temporarily with a serrated perfusion with Tl-201—containing buffer, probe-determined sone 
clip. Retrograde coronary perfusion through the aorta at a activity was noted at 0.25, 0.5, AL L 5, 2, 2.5, 5, 10, 20, 30, 40,50, 
onischemic flow rate of 12 ml/min”? was then begun imme- ith buffer 
liately with Krebs-Henseleit bicarbonate buffer (pH 7.4) free of T1-201 and probe-monitored myocard 
hrough previously primed tubing. The time required from expressed as a percentage of the maximal counts per - 
he initial abdominal incision until retrograde perfusion was achieved during the accumulation phase. Activity was moni- _ 
no- -more than 3 minutes. Any pulmonary or thymic tissue tored 0.25, 0.5, 1, 1.5, 2, 2.5, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 
dherent to the heart was then removed. The proximal aorta 100, 110, and 120 minutes after initiation of perfusion with “oe 
s secured to the cannula with a 3-0 silk suture. An 18 gauge T1-201 free buffer: — - 
needle was inserted into the left ventricle between the left The model ult) = aj tagt = ew hut) was fi tt 
anterior descending and left circumflex coronary arteries to data using the BMDP nonlinear. regressi 
monitor heart rate and left ventricular pressure.?! As outlined BMDPS3R,” a commercially. available statist ac 
n Figure 1, the left ventricular cannula was connected to a Parameters Ay, ao, and ay were estimated, in addition 
Statham model P23Db pressure transducer with a 10 em as 
egment of flexible thick-walled tubing. The pressure trans- 
ducer’s calibration outlet was placed level with the right 
atrium and the transducer was connected to a B-D Electro- 
dyne.CB-124B 4-channel monitor to. display a continuous 
pressure waveform. A B-D Electrodyne WR-4D’ paper re- 
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235 + 21 250 + 14 
240 + 14 5 220 + 28 

122 + 39 i 138.432. 
89 + 1 Hae E 


nuie) Lvs? = ‘lett ventricular peak systolic pressure on Hg). 





deled as a constant at timezero TABLE I Uptake Constants Àu and Half-Life at Varying 


Flows 








data, : multiexponential function was fit to 


; Flow Uptake Constant 
so ercont tarima] counts Bae minute {ml/min} Au $ SD (min') 


12 > 0.117 + 0.004 








sing | the computer program BMDP3R 
ackage from the University of California at Los 
a run of the program was performed for 


and left sentcicular peak systolic 
antly lower at 1. 5, 3, and 6 ml/min 


Table I) During the course of each 3-hour 
nt, there was n i 3! l 
and6 ml/min of coronary f | @—e12 mi/min 


; o-+0 6 miz miñ 
l/mi of coronary flow, the oe ee 
om O L5 mimin 


entricular peak systolic T sem 


ignifi cera curing the 3-hour 


% MAXIMAL CPM 


e 46 single expo- 


0.004 min™! at 
-5 ml/min. Ac- 
stant increased 
low was reduced from 





. Note that even at the lowest coronary flow rate, 1.5 milf 3 
the maximal counts. per minute (CPM) have occurred Dy 20 mi útes 
i SEM = standard error of the mean: 





% MAXIMAL CPM 


‘ $ 
L5 imm 


Sl / min’: 





minute; SEM = = standard error of the mean: 


Because of the nonlinearity of this relation (Fig. 4), the 
ata were reanalyzed using a linearizing transformation 
In (0.125 — A,)] of the release constants, and the sig- 
nificant monotonic relation between the fast release 
_ constant (\;) and flow was confirmed, The value of the 
_ fast initial exponential release constant decreased from 
- 0.107 + 0.009 min~! at 12 ml/min to 0.036 + 0.015 min=! 
at 1.5 ml/min (Fig. 4). Accordingly, the half-time for: the 

: fast component of thallium released increased from 6.5 
to 19 minutes as flow decreased from 12 to 1.5 ml/min 
Table III). Although the value of the slow later expo- 


nential release constant decreased from 0.022 + 0.006 
min™! at 12 ml/min to 0.015 + 0.004 ae 1.5 ie = 


Fig. 4), this change was not. significa! 


plin, but this increase was not signi cant a ; 


Discussion o 


The results of this study show that if T1-201 i is de? | 


livered continuously using perfusate with a constant 


“concentration; the myocardial uptake rate is monoex-. 
ponential and decreases as the perfusion rate decreases. 
‘After the heart, contains TI- 201, pie pertusion with geo 


thallium-free buffer, 
: phases are noted: a more rapi 


‘late phase. The earlier more rapid ae shinee l y i 


where the slow. release component 
lular compartment. 

Kinetic features of tha 
a mongetponential i increas 


Thi study was done using _ 
psy in a canine model, i in 





si Cee ‘Fast constant 
; [ot Stow constant 
| [oso 





a second less rapid com- 
s) which was probably in- 
‘component (half-life 446 
ely intracellular. Myocar- 


ithin 1 minute. Af- 
yocardial release- 


which ran parallel 
t of release from 
ed that in zones 


of mardni ikat were supplied by Jesael 
subnormal blood flow, Tl-201 activity increased 
slowly, but that after a peak was achieved myoc 
clearance again closely paralleled blood clearanc 

In an effort to investigate myocardial release 
directly, Krivokapich and Shine?® studied efflux 
T1-201 under nonischemic. conditions with is 
perfused rabbit interventricular septa. The 
ments included a set of conditions similar ta 


Be with a nate O 5 S m ea 
chloride. The tissue clearance after 40 minutes 
washout was 0.013 + 0.003 min~!, not significan 
different from our slow release constant at 12 ml/m ; 
0.015 + 0.004 min~!. These investigators pro 
phases of thallium release: vascular, interstitial, : 
cellular, and slow cellular. 

Finally, Grunwald et al! evaluated the relatio | 
tween myocardial release and blood flow in the nor 
and subnormal range after intracoronary Tl-201 ad- 
ministration in a canine model. T]-201. activity. was 
monitored with an external scintillation detector; Th x 
investigators studied T1-201 release for an inte \ 

50 minutes and demonstrated a monoexpon 

lease component with a half-life of approximate 
minutes. When measurements were made using cor 
nary sinus Tl-201 output, 3 exponential componen 
were demonstrated: (1) an early rapid component 

a half-life of 2.25 minutes, (2) a slower interme 
component which the investigators did not comme: 
upon (half-life approximately 13 minutes), and (3) 
slow component with a half-life of 67 minutes. Ther: 
remarkable similarity in the data generated using t 
dog model of Grunwald and our isolated rat heat 
model. First, the slow washout phase i is of the sam 
order of magnitude (half-life = 67 minutes [dog] versu: 
32 minutes [isolated rat heart]). Species differen 

the normal coronary blood flow/g in dog (1 ml/min gy 
versus isolated rat heart (15 ml/min/g)?° are likely t 
account in part for this difference. In addition, th 
may be species differences in the way T1-201 is handled 
Furthermore, we, too, have clearly demonstrated. tha 
as coronary blood flow is reduced, the myocardial re 
lease rate also decreases. 

Clinical implications: This report provides furt 
clinically relevant understanding of the relation 
tween the kinetic effects and myocardial perfusion ( 
thallium. Recognizing that several distribution. spa 
are confounded a purely exponential model and t 
specific variables for the mechanisms of transpo: 
cannot be etimated i in this way," c one might view 





of the Fast (À) and Slow (Az) Release Constants at Varying Flows 


Slow Release 


Net SD (min~) Half-Life (min) 

o 0015 0.004 O 0ST 46 
0.017 £0,005 

< 0,018 £ 0.002. 

0.022 £ 0.006 _ 










































extracellular distribution space and the slow component 
-as being. primarily identified with the intracellular 
distribution space. Thus, changes in the early expo- 
nential component of thallium release after peak uptake 
‘are related to changes in blood flow, while later release 
is not significantly related to blood flow. 

Our data should be helpful in interpreting myocardial 
: ‘elearance rates for thallium and in differentiating initial 
thallium distribution in normally perfused myocardium 
from tissue undergoing ischemic insult.!8:!9 Some pa- 
“tients with initial defects due to chest wall or dia- 
< phragmatic attenuation or apical thinning have normal 
-coronary arteries. Clearance rate measurements might 
allow more accurate definition of those patients with 
norma! myocardial perfusion. From our data, it appears 
_ that the clearance rates which predominate during early 
thallium release provide insight into coronary blood 
- flow. However, the clearance rates which predominate 
during later thallium release did not provide insight into 
the severity of myocardial ischemia. 

Our previous work in the fetal mouse heart suggests 
that during ischemic-like injury, thallium efflux exceeds 
-thallium influx only after 4 hours of insult.?? Therefore, 
evaluation of very late clearance rates might provide 
further information on myocardial cellular necrosis. In 
the present study, observations made on thallium 
-clearance rates during the first 20 minutes are pre- 

dominantly related to coronary flow and might con- 
found any estimate of cell viability. Our data suggest 
that observations on thallium release should be ex- 
_ tended to identify more precisely the cellular compo- 
-nent of thallium release. 


_ Acknowledgment: We thank Kumpei Kobayashi, PhD for 
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Currently available antianginal agents... 
and how they are most appropriately employed as 


BASIC THERAPY FOR THE 
PREVENTION OF ANGINA PECTORIS* 


Report from “Step-Care Therapy for Ischemic Heart Disease” 
—a special symposium preceding the annual meeting 
of the American College of Cardiology, April 24, 1982. 








Synopsis of the Symposium 


itep 1: Nitrates 


‘ince nitrates both reduce myocar- 
lial oxygen demand and increase 
nyocardial oxygen supply, their use 
s warranted as initial therapy for the 
ontrol of angina pectoris. Dosage 
eeds often vary significantly from 
latient to patient, and attention 
hould be given to ensure that an 
dequate dosage level has been 
stablished. 


tep 2: Nitrates and 
yeta blockers 


+r angina refractory to maximum- 
lose nitrate therapy, the comple- 
nentary actions of beta blockers 
nd nitrates provide a rational ther- 
peutic modality. At this point a beta 
locker should be added to the 
trate regimen. 


itep 3»Nitrates and 
magm antagonists 


alci antagonists have special 
sefulness in controlling cases 
there the myocardial oxygen sup- 
ly is diminished by coronary vaso- 
pasm; their use in combination 
vith nitrates is recommended if 
tep 2 therapy is unsatisfactory (or if 
ne“patient has variant or vasospas- 


idangina). 


fe). 


| 1982 Ives Laboratories Inc. 
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Consensus of the Symposium 
Nitrates are basic in step-care therapy for 
ischemic heart disease 


Step 2 
Step 1 


Stable or unstable 
angina: Nitrates 


Nitrates + 


The basic antianginal agent 
in these basic dosage forms 


ISORDIL® SUBLINGUAL 
Sublingual Tablets, 2.5 mg, 5 mg, 
and 10 mg 

ISORDIL” CHEWABLE 

Chewable Tablets, 10 mg 
ISORDIL” TITRADOSE®* 

Oral Tablets with E.Z. Split® scoring; 
5 mg, 10 mg, 20 mg, and 30 mg 
ISORDIL” TEMBIDS® Capsules 
Sustained-Release Capsules, 40 mg 


TEMBIDS® — TRADEMARK FOR SUSTAINED-RELEASE CAPSULES 
+US Pat Nos 3883647 and D224591 (Titradose®) 


If not controlled: 


beta blockers 





In angina pectoris... 


Step 3 

If still not controlled 
(or in variant 
angina): Nitrates + 
calcium antagonists 















The complete Proceedings 
of the Symposium are 
available on request from 
the Professional Services 
Department of Ives 
Laboratories. ~ 


685 Third Avenue 
New York, NY 10017 


ISORDIL (ISOSORBIDE DINITRATE) 


is basic 


*ISORDIL has been evaluated as probably effective when taken by the 
sublingual or chewable route and possibly effective when taken orally 
for this indication. See Brief Summary on following page. 


(SOSORSDE 
DINTRATE) | 


IS 
BASIC 


“Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
and/or other information, FDA has 
classified the indications as follows: 
“Probably” effective: When taken by the 
sublingual or chewable route, Isordil 
Sublingual and Chewable Tabiets are indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

“Possibly” effective. When taken by the 
oral route, Isordil is indicated for the relief 
of angina pectoris (pain of coronary artery 
disease). It is not intended to abort the 
acute angirial episode, but is widely 
regarded-as useful in the prophylactic 
treatment of angina pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


“Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites 
o and nitrates during the. early days of the. acute 
phase of myocardial infarction. (the period 
during which clinical and laboratory findings 
are unstable) are insufficient to establish safety: 
Precautions: Tolerance to this drug and cross- 


tolerance to other nitrites and nitrates may occur. 


Adverse Reactions: Cutaneous vasodilation: 
with flushing. Headache is common and may 
be severe and persistent. Transient episodes 
of dizziness:and weakness as well as other 
signs of cerebral ischemia associated with 
postural hypotension may occasionally 


develop: This drug can act as a physiological ==; 


antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. An occa: 
sional individual exhibits marked sensitivity 
to the hypotensive effects of nitrite, and o 
severe responses (nausea, vomiting, weak- 
ness, restlessness, pallor, perspiration and: 
collapse) can occur even with the usual t 


; peutic. dose. Alcohol may enhance this effect: o 


g rash and/or exfoliative dermatitis, may. 
occasionally occur. a 
` Consult direction circular before prescribing. 
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Dedicated to Improving the 
Quality of Life Through Medicine” 


MYOCARDIAL 


REVASCULARIZATION 


MEDICAL AND SURGICAL ADVANCES IN 
CORONARY DISEASE __j 


The most up-to-date refer 
on the state of the art of —s_—«w™ 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
madalities not previously published anywhere. This volume is 


Revascularization heldin Nassau, The Bahamas, it is edited by 


two internationelly. renowned specialists; Dean T. Mason, MD; 
and John J. Calling, Jr, MD. 
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‘national program committee 
zed this symposium on a strict- 
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similar to blood dyscrasias associated with other sulfo- : 
nylureas, have beeri reported. ses one Microbio ! 
BECAUSE OF THE PROLONGED HYPOGLYCEMIC es Complicating S 
ACTION OF DIABINESE, PATIENTS WHO BECOME ~ ce 
HYPOGLYCEMIC DURING THERAPY WITH THIS: 
DRUG REQUIRE CLOSE SUPERVISION FOR A MINI- 
‘MUM PERIOD OF 3. TO 5 DAYS, during which time tre- 
guent feedings or glucose administration are essential. 
he anorectic patient or the profouridly hypoglycemic 
patient should be hospitalized. 
Rare cases of phototoxic reactions have been reported... 
Edema associated with hyponatremia has beet. intier : 
‘quently reported. itis usually readily reversible when: 
medication is discontinued... 
Dosage: The total daily dosage is enerally taken at a 
single time each:morning with breakfast, Occasionally, 
‘oases. of pastroftastna! intolerance: may bë relieved by 
i gaange d ie fay dosage. A LOADING OR PENING 
NECESSARY AND SHOULD NOT BE 
“SED, Thon mG to moderately severe, mdse aged, 
stable diabetic should be started on. 250 tg daily, 
Because the geriatric diabetic patient appears to be”. 
more sensitive to the ‘hypoglycemic effect of sulfonyl: 
rea drugs, older patients should be started on smaller 
i ns ‘of Diabinese; inthe range of 100 to 125. mg 








After ive. to:Seven days following initiation of therapy, 
dosage may be adjusted upward or downward in incre- 
mems of 5010. 128 oat intervals. of three to five days. 

. PATIENTS WHO DO NOT RESPOND COMPLETELY: 
TO 500 MG DAILY WILL USUALLY. NOT RESPOND TO 
HIGHER DOSES. Maintenance doses above 750 mg.’ 
daily should be avoided. : 
Supply: 100 mg and 250.mg, blue, :D’-shaped, scored 
tablets, j 
More detailed professional information available on. : 
request. 
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ardia and stated that 

and refractoriness of 

and slow pathways of the AV node 
onduction could occur during 


of Medicine, University 
uscript received June 
r ber 25, 1982, accepted 


BA paroxysmal ; 
M as atria 


atrial AEE showed that most-of. the 

followed by 2 QRS complexes (Fig. 2). When. 3 
followed by a single QRS complex, the P-R interval wa 
markedly prolonged. Administration of procainami 
disopyramide also aggravated the arrhythmia, 

Pacing techniques included incremental atrial pacing unt: 
the development of second degree AV nodal block, ‘pro 
grammed atrial extrastimuli scanning diastole. during atria 
pacing at a cycle length of 700 ms, and programmed sin l 
ventricular extrastimulus scanning diastole during s 
rhythm. No discontinuity of Ay-A2, Ao-Hy could be de 
strated, and no arrhythmia was induced by atrial paci 
During sinus rhythm an interpolated ventricular 
stimulus produced 2 distinct patterns: (Fig, 3); When th 
coupling interval was $330 ms, no tachycardia was inducea 
and there was minimal prolongation of the A-H interva 
the first sinus beat which followed the ventricular extr 
stimuli (Fig. 3 and 4) At longer coupling intervals, mos 
trastimulus beats had a prolonged A-H interval ranging fr 
400 te 550 ms (Fig. 3) and were followed: by-short runs 
nonreentrant tachycardia (Fig. 5). The induced tachycard. 
was similar to the spontaneous tachycardia. A His potenti 
was recorded preceding each QRS complex with the H. 
interval constant at 45 ms. No ventriculoatrial conduc 
was present during ventricular pacing. l 
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O ARRHYTHMIA < @ NO ARRHYTHMIA 
% VENTRICULAR REFRACTORY PERIOD: 


400. 500: 
COUPLING. INTERNAL 
(msec) 


IGURE 3. Patient 1. The relation of the coupling interval of the pro- 
yarmmed ventricular extrasystole and the A-H interval of the first sinus 
beat after the extrasystole. Prolonged A-H interval of the-first sinus beat 
s seen- only when the: coupling interval was more than 330 ms. The 
upraventricular tachycardia was induced only when the A-H interval 
as. prolonged. 
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‘Patient p A 68-year-old man was referred ior evaluneion 
of supraventricular tachycardia, which developed after. 


quinidine treatment for ventricular premature contractions. 
Procainamide and disopyramide also induced similar su- 
praventricular tachycardia characterized by 1 P wave e fol- 
lowed by 2 QRS complexes (Fig. 6). 


_ The sep rials cae in these 2 pati nts 


IGURE 5. Patient 1. ‘bine sinus sihyihm an itepolatedm vêntricalar extrastimulus (coupling interval of 460 ms) induced a nonreentrant supravonticuar 
hycardia. A-H interval of the first sinus peat after the ventricular extrastimulus was markedly prolonged. (440 ms): . 
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tachycardia. The presence of 2 distinct patterns of A-F 
conduction in Figure 3 suggests dual nodal tracts which 
are not excluded by the failure to document a discon 
tinuous Aj-Ao, A-Ha curve in an anterograd : 
fashion.4 
The supraventricular tachycardia of the first. pation 
was aggravated by increased vagal tone and improved 
by atropine sulfate. Such paradoxical response has no 
been reported previously. One possible explanation: 
that increased vagal tone potentiated the unidire ional 
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both reper ys enabled subsequent simultaneous an- 

e conduction of the sinus P waves. SN = sinus VENTRICLE 
QRS conducted through fast pathway; V1. = 
OR Paed rouh slow pathway. a 
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retrograde block that is present in the AV nodal path- 
way in the basal state. The increased vagal tone insu- 
lates both AV nodal pathways and makes anterograde 
conduction through both AV nodal pathways possible. 
The supraventricular tachycardia in the second patient 


“probably had the same mechanism as that in the first 


patient, although electrophysiologic study could not be 


- performed. The episodes manifested by QRS complexes 


in groups of 5 are explained by the presence of 3 to 2 
anterograde AV block through the slow pathway. 
Procainamide has been reported to facilitate simul- 
taneous conduction through dual AV nodal pathways 
by altering conduction and refractoriness of the anter- 
ograde fast and slow pathways of the AV node during 


_ atrial pacing.® However, we believe that the type 1 


antiarrhythmic drug in our patients potentiated si- 


- multaneous conduction through dual AV nodal path- 


ways by blocking retrograde conduction. Impairment 


Survival After Sudden Obstruction of 
The Left Main Coronary Artery 


MOSHE Y. FLUGELMAN, MD, MEIR SHALIT, MD, 
ARIE SHEFER, MD, YONATHAN HASIN, MD, and 
MERVYN S. GOTSMAN, MD, FRCP 


_ Left main coronary artery (LMCA) stenosis occurs in 


10% of patients undergoing coronary arteriography, but 


~ total occlusion is rare.! Goldberg et al? reported 6 cases 


of complete obstruction of the LMCA among 2,200 pa- 
tients studied arteriographically. Sudden obstruction 
of the LMCA should be lethal,’ and we found no report 
describing survival with sudden obstruction of the 
LMCA. The present report describes such a patient. 


A 55-year-old man, a heavy smoker with no history of 


_ ischemic heart disease, had ventricular fibrillation 30 min- 
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utes after the onset of severe retrosternal chest pain. Sinus 
rhythm was restored after 6 direct-current cardioversions 
combined with lidocaine infusion. After resuscitation, pul- 


~ monary edema developed; the patient had a systolic blood 


pressure of 60 mm Hg, a pulse rate of 120 beats/min and 


_ frequent premature ventricular contractions. Electrocardi- 


ograms showed sinus tachycardia with frequent ventricular 
premature contractions and an acute extensive anterior 
myocardial infarction. The cardiac index, measured with a 
thermodilution Swan-Ganz catheter, was 1 liter/min/m2. An 
intraaortic counterpulsation balloon was inserted through 
the right femoral artery during resuscitation; the blood 
pressure increased to 110/70 mm Hg and the cardiac index 
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of retrograde conduction of the AV node by these drugs 
has been reported previously.>-7 
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FIGURE 1. Left coronary arteriogram (right anterior oblique view) 
showing complete obstruction of the left main coronary artery. 


to 1.9 liters/min/m?. Mechanical assistance was combined 
with intravenous treatment of glucose-potassium-insutin 
solutions and oral isorbide-dinitrate, digoxin, and diuretic 
agents. Cardiac catheterization and angiography, performed 
15 days later, revealed a left ventricular end-diastolic pres- 
sure of 35 mm Hg, a large aneurysm of the anterior and apical 
regions, and normal contraction of the inferior wall. Coronary 
arteriography demonstrated complete obstruction of the 
LMCA (Fig. 1) while the right coronary artery was normal; 
there was no collateral filling of the left coronary system. The 
left ventricular ejection fraction was 16% with mechanical 
assistance and 5% without assistance. 

After 26 days, the patient developed a shaking chill and 
the intraaortic counterpulsation balloon was removed, The 
patient was discharged after 40 days. By this time he had 
signs of moderate congestive heart failure but no angina 
pectoris and was in New York Heart Association functional 
class III. On discharge, the cardiac index was 1.8 liters/ « 
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: minh Radionuclide angiography showed a left ventricular 
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` patient during dialysis, up to 36 mg of fluoride can be 





severe, the patient has little cardiac reserve, and he 
mains severely disabled but alive 12 months l 
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Diffuse wheezing and bibasilar rales were present 
lungs, the heart was enlarged, and a grade 2/6 apical sys 
crescendo-decrescendo murmur was present. The liver 
enlarged and the abdominal cavity contained excessive fi 
The ankles and feet were edematous. The blood hemat 
was 23% and the leukocyte count 11,000/mm4. The se 
sodium level was 138, chloride 98, bicarbonate 22, and 
tassium 10.5 mEq/liter. The blood urea nitrogen and glue 
levels were 64 and 141 mg/100 ml. Free fluoride concentration 
was 0.4 mg/liter (normal-0.01 to 0.20). Arterial blood gas 
analysis while the patient was breathing 100% oxygen re- 
vealed a pH of 7.19, partial pressure of carbon dioxide 51 mm 
Hg, and partial pressure of oxygen 153 mm HgyElectrocar- 
diograms recorded sinus arrhythmia with an average rate of 
70 beats/min, probable biatrial overload and: tet ventricul | 
hypertrophy. ao 

Cation exchange resin therapy and peritoneal dis 
were instituted, and 4 days later the arterial blood; gases and 
serum electrolyte levels were normal. 





















































The connection between potassium . alterations 
death from fluoride poisoning has gone unnoticed in the 
literature. We previously observed a patient with fat. 
fluoride ingestion who developed markedly peaked 
waves on the electrocardiogram before refractory ve 
tricular fibrillation, were able to reproduce these ele 
trocardiographic changes with fluoride administrati 
in the experimental animal, and showed that they ` 
indeed accompanied by elevated potassium levels. 

Fluoride, being the most electronegative elemen 
well known to lower the levels of cations such as calciu 
and magnesium because of the tight binding of 
fluoride with these cations.* The exact mechanisr 
erkalemia is) not known but might be relate 
c effects of fluoride on the cell membranes, 
lowing potassium to leak into the blood. l 

The mode of exposure to the fluoride ion in ‘this case 
is unusual and has not been previously described as 
route of fluoride intoxication. If over 100 gallons of ta: 
water with normal fluoride levels of 1 ppm is used by 












absorbed in a single run. After the contamination of the 
public water supply, the dialysis patients were subjecte 
to a very high fluoride load and since the elimination 
fluoride is almost exclusively renal,® a patient with ren. 
failure (undergoing repeated hemodialysis) will have 
mechanism for excreting | the very high fluoride load 
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_ Coronary Arterial Rupture During 

_ Coronary Angioplasty 

By 

W 

JEFFREY E. SAFFITZ, MD, PhD,* 

| THOMAS E. ROSE, MD, JOHN B. OAKS, MD, 

k and WILLIAM C. ROBERTS, MD 

bd 

_ Although percutaneous transluminal coronary angio- 
Fs plasty (PTCA) appears to be a relatively safe and ef- 
~ fective procedure, reported complications include cor- 
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onary occlusion and dissection with or without acute 
myocardial infarction.!? Herein, a hitherto unreported 
complication of PTCA is described. 


A 77-year-old man with unstable angina pectoris by cor- 
onary angiography had focal severe stenosis of a dominant 
right coronary artery (Fig. 1a), a normal left coronary system, 
and normal left ventricular function. PTCA of the right 
coronary artery was performed. The tight stenosis prevented 
appropriate placement of a 2-mm Gruntzig catheter; 
therefore, the narrowing was dilated initially by multiple 
inflations of a Simpson catheter advanced across a guide 
wire, and subsequently by a 3-mm Gruntzig catheter at 4atm 
(Fig. 1b). Post-PTCA angiograms demonstrated mild resid- 
ual stenosis (Fig. 1c). Coronary angiography 3 months later 
disclosed significant stenosis again at the site of the previous 
dilatation procedure (Fig. 1d). Repeat PTCA was performed. 
Multiple inflations of a 3-mm Gruntzig catheter at a maxi- 
mal pressure of 9 atm reduced the stenosis to about 60% 
diameter reduction. A 3.7-mm Gruntzig catheter was then 
positioned and inflated 5 times at a maximal pressure of 10 
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FIGURE 1. Right coronary arteriograms 
before (a and d), during (b and e), and 
after (c and f) percutaneous translumi- ‘5 
nal coronary angioplasty (PTCA). a, a 


(arrows). b, the stenosis was dilated by 
a 3-mm Gruntzig balloon (B) catheter. 
c, mild residual narrowing remained 
after the first PTCA procedure. d, the 
previously dilated area was again se- 
verely narrowed (arrows) 3 months 
after the first PTCA procedure. e, the 
narrowing was dilated by a 3.7-mm 
Gruntzig balloon (B) catheter. f, arteri- 
ography after PTCA showed leakage of 
contrast material into the epicardial 
tissues. The luminal diameter immedi- 
ately proximal and distal to the nar- 
rowing is approximately equal to that of 
the pacing catheter (d). The diameter of 
the inflated balloon (e) is larger than that 
of the pacing catheter and thus ex- * 
ceeds the diameter of the nonstenotic , 
arterial lumen. 
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discrete severe narrowing is present [ 
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FIGURE 2. a, Photograph of heart showing hemorrhage in the right atrioventricular sulcus which contains the right coronary artery. b, a rupture 
site (arrows) in the right coronary artery 3.5 cm from the aortic ostium. c, radiograph of the major epicardial coronary arteries demonstrating focal 
calcific deposits. Arrows designate the site of rupture of the right (R) coronary artery. FD = first diagonal; LAD = left anterior descending; LC = 


left circumflex. (Photographs by M. M. M. Moore.) 





FIGURE 3. Photomicrographs of cross-sections of the right coronary artery in the vicinity of the rupture site. Proximal to the rupture site (a) the 

atherosclerotic plaque is split. This split communicates with the original lumen, indicated by the asterisks. The split extends through the media 
e (b) and adventitia (c) until through-and-through rupture (arrows) occurs (d,e). Rupture occurred opposite a large calcified (Ca++) plaque (outlined 
by dashed line). Distal to the rupture site (f), additional splitting of the intimal plaque is seen communicating with the original lumen. 












TABLE 1 Number of 5-mm S : m ( 

















f the i Majer Epicardial Coronary Arteries Showing the 4 Grades ot Cross-Sectional 
Area Narrowing : ee 
ae ee a E TOO Bamm Tonan (hi Narrowed b Each of 4 
Se Ba Sos Categories of Cross-Sectional Area Narrowing 
Coronary Length Segments’ Oe re ete ee nner 
Artery (em) ANY, os! 0-25% 26-50% 51-75% 76-100% 
> z: oer - - - — — 
LM 0.5 
LAD 9.0 
Lc 45 
Totals 22.5 


LAD = left anterior doscanang, L LO = lett circumflex, LM = left main, and R = right = are. 


atm (Fig. le). On the fifth inflation, the proximal end of the tery was. extremely small and, a large amount of calcium 


balloon ruptured. Angiography then demonstrated extrav- was present in the atherosclerotic plaque. In addition, — 
asation of contrast material into the epicardial tissue plus the artery itself was quite small. (The patient weighed — 


run-off into the distal right coronary artery (Fig. 1f). The only 105 ds and the heart weigh d nly 2 T ; 
! poun ghed only 65 g.) The ; 
hedrt-rate and arterial blood pressure quickly decreased; | presence of a small, ri igid (caki fie d) artery and the use 


a rane Pom ied a preada sae, but fatal edrdiap: of a. balloon n larger than the men itself caused the 


At necropsy, the heart weighed 265 g. The epicardial ad- 
ipose tissue surrounding the right coronary artery was 
hemorrhagic (Fig. 2a) and an elliptical rupture site mea- 
suring 0.6 cm.in.the long axis was present in the right coro- 
nary artery 3.5 cm from the ostium (Fig. 2b). Radiographs 

of the major epicardial coronary arteries (Fig. 2c) disclosed 
focal calcific deposits. The results of histologic examination 

of 5-mm segments of the major epicardial coronary arteries... 
are shown in Table I, A 1.7-cm segment of right coronary: 
artery containing the rupture site was subserially sectioned 

d pliotomerographs of several sections are illustrated i in 












































Iti is clen that the right coronary Fater. in the patient a 
just described ruptured during the PTCA procedure. 
At the site of the arterial rupture, the lumen of the ar- 










Q-T Prolongation and Torsades de 
Pointes Ventricular Tachycardia 
Produced by the Tetracyclic — 

pricepreseen Agent Meprotiine 
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yeli erlidegroan drugs: auch iy as imipramine “and 

pramine have long been known to produce cardio- E 
scular side effects including sinus tachycardia, pro- 
longation of the P-R, QRS, and Q-T intervals, andde- m 
creased T-wave amplitude.) 12) -Life-threatening ven- 
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FIGURE 1. Admission electrocardio- 
gram. 





V2 


FIGURE 2. Ventricular ectopy with 
torsades de pointes. 


butamide (500 mg), hydrochlorothiazide (25 mg), and spi- 
ronolactone (25 mg). 

On arrivul at the hospital, the patient had a regular pulse 
and was normotensive. She had no precordial murmurs and 
no neurologic abnormalities. Electrolyte and thyroid function 
tests gave normal results; the electrocardiogram revealed a 
prolonged Q-T interval of 0.64 second at a rate of 75 beats/ 

«min (Fig. 1). In the emergency room, ventricular bigeminy 
gnd runs of VT developed which were suppressed with in- 
trawenous lidocaine. All medications were discontinued and 
she received 1 dose of oral propranolol which was then 
stopped because of sinus bradycardia. Because of recurring 

VT, her antiarrhythmic regimen was changed to intravenous 

bretylium (300 mg bolus and infusion at 2 mg/min). A pro- 

longed episode of torsades de pointes configuration VT 

causing hypotension and loss of consciousness occurred 30 

hours after admission (Fig. 2). At that time, she was still 
receiving bretylium and had a serum potassium level of 4.1 
mg/liter (normal range 3.5 to 5.0). Dilantin was begun and 
over the ensuing 4 days, no further ectopy occurred and all 
` antiarrhythmic drugs were gradually withdrawn and dis- 
continued. The Q-T interval gradually shortened in associ- 
ation’with a measured decrease in serum maprotiline level 

(Table I). A 24-hour ambulatory electrocardiogram, recorded 

g just before discharge while the patient was taking her orig- 
einal medications (except maprotiline) and no antiarrhyth- 
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mic drugs, disclosed a Q-T interval of 0.42 second (Q-T, = 
0.43). No ventricular ectopic activity was recorded. 


We report the occurrence of a prolonged Q-T interval 





resulting in VT and torsades de pointes in a patient — 


taking the tetracyclic antidepressant, maprotiline. 
Prolongation of the Q-T interval predisposes to reen- 
trant arrhythmias probably by increasing the disparity 
in ventricular repolarization. In our patient, Q-T pro- 
longation and consequent torsades de pointes occurred 
coincident with a recent increase in maprotiline dosage 


and resolved after discontinuation of the drug anda 


decrease in the serum maprotiline level. The increased 
Q-T interval observed 24 to 36 hours after the last dose 


was taken may be due to a cardioactive metabolite of 


maprotiline or a drug interaction, as with levothyroxine. 
Thus, the tetracyclic antidepressant drug maprotiline 


may cause Q-T prolongation similar to that seen with 


the closely related tricyclic antidepressants, and this — 


effect can occur at a therapeutic serum concentration. 
We recommend that physicians prescribing maprotiline 
maintain the same vigilance for cardiovascular side ef- 
fects as that currently accorded tricyclic antidepressant 
drugs. 
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TABLE! Serum Maprotiline Levels and Q-T Intervals With 


Time 
Time After Q-T 
k Last Dose Maprotiline Interval Q-T,t 
3 i, (days) Level (ng/ml)* (s) (s) 
1(A.M.) 169 0.68 0.683 
E (P.M.) 118 yo SF 
p> 2 (A.M.)* 82 0.84 0.808 
` (P.M.) wate 0.77 0.794 
3 69 0.76 0.700 
4 54 0.60 0.588 
5 31 0.55 0.545 
6 55 0.48 0.500 


i Therapeutic level = 100 to 300 ng/mi*; reported half-life = 43 to 
| 48 hours. 
gE t QT, = Q-T interval (including U wave)/ y R-R interval (upper limit 
i of normal for adult woman = 0.43 second). 

tł Occurrence of torsades VT. 
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__ Angiographic Evidence of Hemorrhagic 
_ Myocardial Infarction After 

_ Intracoronary Thrombolysis With 

_ Streptokinase 


WILLIAM C. LITTLE, MD and 
EDWIN W. ROGERS, MD 


; The reperfusion of acutely ischemic myocardium by 
e intracoronary streptokinase thrombolysis is an exciting 
new therapy for acute myocardial infarction (MI).! It 
bi appears that successful thrombolysis and reperfusion 
_ in the first few hours after acute coronary occlusion may 
_ salvage myocardium and possibly improve prognosis. 
A potential adverse effect of reperfusion is the pro- 
_ duction of hemorrhage in the area of myocardial ne- 
= crosis.?~4 We report on a patient with prompt, successful 
_ coronary thrombolysis by streptokinase infusion who 
| showed angiographic evidence of a hemorrhagic MI. 


| A previously well 72-year-old man was admitted with chest 
| pain of 1 hour’s duration. An electrocardiogram showed an 
` acute inferior wall MI (Fig. 1). Immediate coronary angiog- 

raphy demonstrated no significant narrowing of the left 
= coronary system but complete occlusion of the proximal 
È portion of the right coronary artery (Fig. 2, left). The an- 

giogram was unchanged after intracoronary administration 
of 200 ug of nitroglycerin. The intracoronary administration 
| ofa 10,000 unit bolus of streptokinase followed by an infusion 
` of 2,500 units/min for 30 minutes produced no change. A 
| 0.035 inch flexible tipped guidewire was passed through the 
| occlusion in the right coronary artery, and streptokinase was 
_ infused for another 15 minutes. Repeat angiography (ap- 
proximately 2.5 hours after the onset of chest pain) demon- 
strated that the right coronary artery was patent with a re- 
sidual high-grade stenosis of the proximal and middle por- 
tions (Fig. 2, right). A nonopacified lucency probably rep- 
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resenting thrombus was seen to move from the area of pre- 
vious occlusion in the proximal right coronary and lodge in 
the midportion of the posterior descending artery. After in- 
jection of the right coronary artery, contrast material was 
seen in the wall of the left ventricle (Fig. 3, left). On the 
subsequent left ventriculogram, the intramyocardial contrast 
material was seen in the endocardium of the posterior basilar 
segment of the left ventricle, in an area of localized akinesia 
(Fig. 3, right). A resting thallium scan immediately after 
reperfusion showed a large area of markedly decreased 
thallium uptake in the inferior wall (Fig. 4). Twenty-four 
hours after reperfusion, the subendocardial contrast material 
was again visualized fluoroscopically and repeat angiogra- 
phy demonstrated that the right coronary artery remained 
patent. The filling defect in the mid-posterior descending 
coronary artery had resolved. A 2-dimensional echocardio- 
gram demonstrated inferoposterior hypokinesia before re- 
perfusion. After reperfusion, the inferoposterior wall had 
become akinetic and the apex was hypokinetic. Initially, the 
electrocardiograms (Fig. 1) demonstrated an evolving inferior 








FIGURE 1. Serial electrocardiograms. 


FIGURE 2. Left, right coronary angio- 
gram demonstrating complete occlu- 
sion in its proximal portion. Right, after 
guide wire probing and intracoronary 
streptokinase, the right coronary artery 
was patent with residual stenosis. A 
filling defect thought to represent the 
occluding thrombus was seen to move 
from the area of initial occlusion and 
Ipdge in the mid-posterior descending 
* coronary artery (arrow). 


FIGURE 3. After the coronary angio- 
gram (Fig. 2, right), contrast medium 
was seen in the myocardium (left, 
arrow). This intramyocardial contrast 
medium in the ensuing left ventriculo- 
gram (right, arrow) was in the suben- 
docardium of the inferobasilar left 
ane in an area of localized akin- 
esia. 


y 


MI, but despite continued patency of the right coronary ar- 
tery, they* subsequently showed incomplete right bundle 
branch block and suggested posterior extension of the MI. 
The patient was placed on heparin infusion for 7 days after 
thrombolysis, and his subsequent hospital course was com- 
plicated by a femoral hematoma and transient pericarditis. 
He was discharged on the 14th hospital day and his subse- 
* guent convalescence was uneventful. 


N hA this patient, who presented with symptoms and 
s electrocardiographic changes of an acute transmural 
inferior MI, prompt recanalization of the occluded right 
coronary artery was associated with extravasation of 
angiographic contrast medium from the reopened right 
coronary artery into the subendocardium of the poste- 
rior basilar left ventricular wall. This subendocardial 
contrast persisted at least 24 hours. 
i Experimentally, hemorrhagic MI has been produced 
ra by coronary reperfusion after transient occlusion.°-4 
Experimentally, such hemorrhage occurs in areas of the 
most’ severe myocardial ischemia where cell injury is 
already irreversible.’ In our patient, extravasation of 
contrast medium was limited to the subendocardium 
4 where ischemia would be most severe. It is possible that 
hemorrhage into already necrotic myocardium may 
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jeopardize adjacent islands of potentially viable myo- 
cardium.4 We are unable to determine whether the 
production of hemorrhagic MI adversely affected our 
patient; however, several observations suggest that it 
did. The inferoposterior left ventricular wall which was 





FIGURE 4. Resting thallium scan (lateral view) obtained after throm- 
bolysis showing markedly decreased uptake in the inferior left ven- 
tricular wall. 


908 BRIEF REPORTS 


hypokinetic as visualized on 2-dimensional echocardi- 
ography before reperfusion was akinetic on both echo- 
cardiography and angiography after reperfusion. In 
addition, the apex became hypokinetic despite reper- 
fusion. There was no thallium uptake in the inferior wall 
` after thrombolysis, and the serial electrocardiogram 
suggested extension of the initial inferior MI to the 
posterior wall. These observations suggesting no benefit 
‘from reperfusion and possible deterioration after 
thrombolysis did not result from either an inordinate 
delay in reperfusion or early reocclusion of the artery. 
The finding of postreperfusion extravasation of 
contrast medium into the myocardium may be a useful 


angiographic sign of the production of hemorrhagic MI 
by coronary thrombolysis that merits further observa- 
tion and study. 
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Real-Time 2-Dimensional 
Echocardiographic Visualization of 
Thrombus on a Bjork-Shiley Mitral 
Valve Prosthesis 


Emergency Cesarean Section and Mitral Valve 
Replacement in Late Pregnancy 


BASIL S. LEWIS, MD, MRCP, FCP(SA), NEARCHOS 
E. AGATHANGELOU, MD, LUIS A. DOS SANTOS, 
LMC, and MANUEL J. ANTUNES, MD 


Echocardiography is invaluable in the assessment of 
cardiac valves, but the signs of prosthetic valve dys- 
function may be difficult to interpret, especially in pa- 
tients with metallic valve prostheses.!~4 


A 25-year-old woman underwent mitral valve replacement 
with a 29 mm Bjérk-Shiley prosthesis. On routine exami- 
nation 5 years later, she was well and the prosthesis ap- 
peared to be functioning normally. She was receiving war- 
farin (prothrombin index 32% ), but because she was then 
38 weeks pregnant, warfarin was replaced by intravenous 
heparin. Five days later the patient had left anterior chest 
pain and an episode of hypotension. Examination revealed 
muffling of the prosthetic valve sounds. However, blood 
pressure soon returned to normal, and on cinefluoroscopy 
the disc moved normally. Real-time 2-dimensional echo- 
cardiography showed a large mass on the ventricular surface 
of the prosthetic valve disk (Fig. 1). Disc excursion was nor- 
mal. The left ventricle contracted well, and the left atrium 
was enlarged 2.5 times the diameter of the aortic root. The 
diagnosis of prosthetic valve thrombosis with intermittent 
mitral valve obstruction was made. 





From the Departments of Cardiology and Cardiothoracic Surgery, 
Baragwanath Hospital and the University of the Witwatersrand, 
Johannesburg, South Africa. This work was supported by the Stella and 
Paul Loewenstein Cardiac Fund of the University of the Witwatersrand, 
Johannesburg, South Africa. Manuscript received June 8, 1982; revised 
manuscript received November 30, 1982, accepted December 1, 
1982. 


The clinical state deteriorated. Emergency Cesarean 
section was performed and a healthy boy was delivered. The 
chest was opened and cardiopulmonary bypass established. 
A large, fresh thrombus was present on the ventricular sur- 
face of the prosthesis (Fig. 2). The valve was replaced with 
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FIGURE 1. Top, real-time 2-dimensional echocardiogram (parasternal 
long-axis view in diastole) showing a mass (arrow) on the ventricular 
surface of the Björk-Shiley disc. LA = left atrium; LV = left ventricle. 
Bottom, parasternal short-axis view (diastolic frame) showing the N 
thrombus (arrow) in the left ventricular outflow tract. . 
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a Hall-Kaster prosthesis, the patient made an uneventful 
recovery, and both mother and child were discharged well 2 
weeks later. 


S Two-dimensional echocardiography is useful in 
identifying masses on bioprosthetic valves,5 but it is 
difficult to demonstrate thrombus on the disc of a 
Björk-Shiley prosthesis because of bright echocardio- 
graphic reflections from the valve itself. Serial studies 
may show changes in the amplitude, velocity, pattern, 
or timing of disc motion,?-46-8 whereas abnormal left 
ventricular filling rate? may indicate impaired mitral 
blood flow. In our patient, the major part of the 
thrombus formed on the ventricular surface of the disc. 
The echocardiographic beam reached the thrombus 
before the valve, and we recorded high quality images 
of the mass, corresponding exactly to the findings at 

. ‘operation. Direct visualization of the thrombus was 
invaluable because obstruction to blood flow was in- 
termittent. At echocardiography the patient was 

a asymptomatic and cinefluoroscopy gave normal re- 

sults. 

The diagnosis of a clotted mitral valve prosthesis at 
38 weeks of pregnancy posed interesting problems in 
management. The transfer from warfarin to heparin is 
routine, but we urge great vigilance because thrombosis 
of the mitral Bjork-Shiley prosthesis is not rare.!® 
Clinical deterioration in our patient’s condition neces- 
sitated immediate obstetric and cardiac intervention 
which were performed successfully at the same oper- 
ating session. 


a 
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Cardiac Rhabdomyosarcoma 
Presenting as Hypereosinophilic 
Syndrome 


e U 7 
N MARTIN J. SULLIVAN, MD, GREGORY P. WANGER, 
* MD, STEVEN A. SCHONFELD, MD, and THOMAS 
M. BASHORE, MD 


We report herein the first patient with intracardiac 
rhabdomyosarcoma presenting with a clinical syndrome 
mimicking Léffler’s endocarditis! 4 with profound eo- 
sinophilia and refractory congestive heart failure. 
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FIGURE 2. Excised Björk-Shiley mitral valve showing extensive tissue 
ingrowth and a large mound of thrombus on the ventricular surface of 
the disk. 
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A 59-year-old white man was well until 4 months before 
death when fatigue, fever, and the onset of a 35-pound weight 
loss developed. Electrocardiograms (Fig. 1) 5 days before 
death showed acute anterior wall injury, right axis deviation, 
probable right ventricular hypertrophy, nonspecific T-wave 
changes, and right intraventricular conduction delay. The 
white blood cell count was 90,000 cells/mm? with 57% eo- 
sinophils. Serial electrocardiograms showed no changes and 
serial creatine phosphokinase enzymes were normal. Ex- 
amination 24 hours before death disclosed a supine blood 
pressure of 80/50 mm Hg, without pulses paradoxicus and 
sinus rhythm. The neck veins were distended to the angle of 
the mandible at 90°. The heart sounds were reduced and no 
murmurs were heard. The patient was transferred to the 
Ohio State University Hospitals. 

The electrocardiogram was unchanged and the chest ra- 
diograph showed borderline cardiomegaly with clear lung 
fields. Serum lactate dehydrogenase was 3,010 U/ml (normal 
up to 440), and creatine phosphokinase was 7 U/ml (normal 
up to 12 U/ml), increasing 12 hours later to 13 U/ml with 7% 
MB band. The serum immunoglobulin E (IgE) level was 193 
U/ml (normal up to 455). The total eosinophil count was 
14,200 cells/mm?. A bone marrow aspirate showed 30% eo- 
sinophils with a predominance of mature forms. Right-sided 
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FIGURE 1. Twelve-lead electrocardiogram. The unusual, localized anterior epicardial injury pattern is demonstrated. 





FIGURE 2. Gross pathology specimen of the sectioned heart. Extensive 
infiltration by the cardiacc rhabdomyosarcoma into the right ventricular 
cavity is evident. 


cardiac catheterization disclosed a right atrial mean pressure 
of 22 mm Hg and a right ventricular pressure of 33/20 mm Hg 
with unusual sinusoidal appearing wave forms. The pul- 
monary trunk could not be entered. A 2-dimensional echo- 
cardiogram was of poor quality and showed only right atrial 
enlargement. The patient died within 24 hours after hospi- 
talization. 

At autopsy, the heart weighed 910 g. Necrotic tumor arose 
from the right ventricular free wall and virtually filled the 
entire right ventricular cavity, with extensive invasion of the 


right ventricular myocardium and ventricular septum (Fig. 
2). Several tumor nodules up to 0.5 cm in diameter were 
found in the left ventricular wall and hilar lymph nodes. 
Histologically, the tumor was composed of large cells with 
irregularly shaped nuclei and prominent nucleoli. Multi- 
nucleation and strap cells were present. Special staining with 
phosphotungstic acid hematoxylin and for nicotinamide 
adenine dinucleotide in reduced form (NADH) revealed 
striations characteristic of rhabdomyosarcoma. 


To our knowledge, eosinophilia and rapidly pro- 
gressive congestive heart failure have never been re- 
ported with a primary intracardiac tumor. As the course 
of these unusual neoplasms might be altered favorably 
by surgical intervention,’ the diagnosis should be sus- 
pected in patients with eosinophila and profound con- 
gestive heart failure, especially when intracardiac mass 
lesions are identified. 
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arrangement in which only the aorta was connected t 
its wrong ventricle (“partial transposition”). If t 
system were still employed, it could be argued that 
ventriculoarterial connection in congenitally correc 
transposition was also that of “complete” transpos: 
in the sense that both. arteries are connected to | 
propriate ventricles. However, we know of no cente: 
now uses this system in its clinical practice. Nowada 
hearts in which both great arteries are connected to 
same ventricle are almost invariably known as dou 
outlet. The term complete transposition is then fre 
be used specifically and solely to describe those hea 
in which the right atrium is connected to the mor 
logic right ventricle and then to the aorta, wher 
left atrium is connected to the morphologic left v 
and then the pulmonary trunk. Similarly, cong 
corrected transposition can then be used with scient 
precision to describe only those hearts in which th 
atrium connects to the morphologic left ventricl 
the pulmonary trunk, whereas the left atrium conni 
to the morphologic right ventricle and the aorta. 
these entities, delineated because of abnormal chi 
connections, the relations may not always be as an 
pated. Ventricular architecture may be unusual; h 
ever, these features can then be described in a subsid 
fashion without in any way affecting the basic defi 
of of complete and congenitally corrected transpos 

-When we consider the terms d- and l-transposit 
we encounter many more problems, but only when 
terms are used inappropriately to describe anor 
defined on the basis of segmental connections. 
Van Praagh and colleagues!” introduced the term: 
were meant to describe relations of the great arter 
which the aorta was anterior to the pulmonary trun 
and either to its right (d) or its left (1). The terms we 
not used in isolation but were part of a full segment, 
description of the heart: for example, transposition. 
d, dj or transposition {s, 1, 1}. It so happens that th 
particular segmental combinations are what could 
ternatively be called complete and corrected transp 
mion, Yespertively.: It is a fact that in persons: 































































































there is a right-sided aorta in complete transposition 


ight-sided aorta with congenitally corrected transpo- 
ition. In patients with the usual atrial arrangement, 
omplete transposition! is frequently found with a left- 
ided aorta® and congenitally corrected transposition 
ccasionally found with a right-sided aorta. These 


jectives to qualify the presence of ventriculoarterial 


them adequately, providing it is assumed that more 
mplex lesions such as tricuspid atresia or double inlet 
re not present. Thus, complete transposition with usual 
atrial chambers and left-sided aorta can be described 
as transposition \s, d, l} or congenitally corrected 
ransposition with usual atrial arrangement and right- 
ided aorta as transposition {s, l, d}. What is clear is that 
uch variants as complete transposition with usual atria 
and left-sided aorta, or complete transposition with 
irror-image atria and left-sided aorta, cannot sensibly 
e described as d-transposition. Similarly, congenitally 
orrected transposition with either mirror-image atria 
r usual atria and right-sided aorta cannot adequately 
> catalogued as l-transposition. Yet, this is now the 
pproach advocated by some highly respected. author- 
ities. We suggest that the time has come to pause and 
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rcreasing habit £ 
using d- and l- -transposition inappropriately. The 
anomalies to which the terms are applied are described | 
simply and accurately as complete and congenitally 
corrected transposition, respectively. They also can be 
accounted for using full symbolic segmental notation 
as suggested by Vai Praagh et al.” There is no need to 
describe them us d l-transposition i 
isolation. It is nota matte of sema tic p 
a matter of introducing precision toa 
biguity from the a ia ) ninge 
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cts); the other 12 pa- 


arction \ Versus S-T Infarction 


_ implies more damage as measured by peak creatine _ 


; findings it should not | be surprising that they overlap | 5 







dence.4-6.17,19 thdéed, Wilson, a pioneer in cardiology 
and his colleagues!® demonstrated abnormal Q wave: 
in nontransmural infarction both experimentally a 
clinically. The perceptive observations of, Pipberger 
Lopez”? suggest that the erroneous criteria may ha 
been reinforced by Prinzmetal’s experiments of 1954 
subsequently invalidated by the same investigator I 
1957. ee 


Conceptual Errors Inhibit investigation _ 


Whatever the reason for continued confusion re 
garding their anatomic extent, the pseudospecificity 
Q and S-T myocardial infarctions remains a last 
myth. Indeed, investigators of the highest intellect an 
skill—despite explicitly acknowledging the materi 
cited in References 1 to 3,?!—write “regardless of t 
terms used... 724 implying that slipshod terminolo 
is unimportant. Such disregard by distinguished 
leagues is disturbing. We are not dealing with mino 
matters such as “ECG” (English) versus “EKG” (Dute 
and German). Arguments over terminology would be 
mindless quibbles if misleading labels did not perpet 
uate misleading concepts. False terminology does m 
than semantic damage: it does. conceptual damage 
we continue to accept a Q infarct as dependably indi 
cating a transmural lesion, we can inhibit consideratio 
of what it really does mean. Indeed, do Q infarcts ar 
S-T infarcts have distinctive. gross: anatomy? Given 
ultimate nonspecificity of many electrocardiogra 
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are gross misnomers. 





ansmural” and ontenan 





Q Intarcts Veris s-t Infarcts: 
Differences and Similarities 


Although their gross anatomy cannot yet be predi 
electrocardiographically, Q-wave and S-T infarcts diffe 
clinically and physiologically. Prodromal symptoms ar 
more frequent with S-T infarcts??; vomiting is mor 
frequent with Q-wave infarcts. 18 Q- wave infarctio! 








; phosphokinase levels,” with a greater tendency to un- — 


le SABE vs 


¿dergo expansion.*4 Positron emission tomography” _ 


shows defects with homogeneous depression of tracer _ 








TABLE! Q-Wave Infarction Versus S-T infarction: 














































Differences : 
Q-Wave | $-T 
infarct Infarct* 
` Fresh thrombosis More Less: 
<= Collateral vessels Fewer More 
_. Damage T 
m tEnzyme levels "Higher Lower 
{Tracer concentration (PET) Homogeneous Unequal 
LV wail abnormality,t More: Less 
improved by bypass tess or none More 
Tendency to expand More . Less 
Pradromal symptoms ' Less More 
Vomiting More Less 
Atrioventricular and More Fewer 
“intraventricular blocks 
Congestive failure More Less 
Early mortality’ More Less. 
Recurrent infarction : Less . More 





-* Without QRS abnormality. t Some studies differ. 
. PET = positron emission tomography. 


accumulation in all Q-wave infarcts as compared with 


omographic infarct. size greater and residual tracer 
_ more depressed in Q-wave infarcts.”8 Two-dimensional 
echocardiograms showed more (100%) regional wall 
abnormality during Q-wave than S-T infarction 
_ (86%).7627 Although total mortality may equalize over 
5 to-10 years in the 2 groups, early mortality both in the 
hospital and after discharge is greater with Q-wave in- 
farcts, whereas recurrent infarction and late mortality 
are much greater with S-T infarcts.223° 

Although the number of diseased coronary arteries 
and the degree of occlusion throughout the system ap- 
ear equal in both types,”? fresh coronary thrombosis 
ay be slightly?! to moderately! more frequent with 
wave infarction: Collateral vessels were demonstrated 
n 93% of all patients with S-T infarct and 78% with 
Q-wave infarct who had postinfarction angina, but in 
only 35% of patients with Q-wave infarct and no sub- 
sequent angina. 31 Coronary bypass tends to improve 


farcts, but ‘more akinesis in patients: with anterior 








ll motion abnormalities.?3 | ‘Finally, ir t 
itched, although retrospective, series 
oduced less congestive failure, fewer 








potension and ventricular arrhythmias occurred 


ily equal occurrence of pericarditis.2! Because me- 
ticulous postmortem examination shows that in fresh 
infarction acute pericarditis always indicates 
transmural lesions,)° those non- -Q--wave infarcts with 
pericarditis, although labelled “nontransmural,”?! 


evidence of me electrocardiogram’s anatomic 1 non- 
7 anai ; 





unequal tracer distribution in 23 of 24 S-T infarcts, with - 


-Q waves.’ Se aoe 


wall motion in S-T infarcts but only in Q-wave infarcts _ 
in which transmural fibrosis is absent.3233 Some in- _ 
vestigators found reinfarction, angina, and late ven- 
tricular arrhythmias to occur equally i in Q-waveandS-T _ 


wave than with anterior S-T infarcts.34 Yet, other 
investigators report comparable ejection fractions and Wh 





ntraventricular b 
uction defects, and fewer atrial tachyarrhythmias; = A 


ually.2! Yet, the same study also reported a statisti- — 


certainly represented transmural infarction—more_ 


TABLE Il Q-Wave Infarction Versus s-t f Infarction: S 
Similarities. : 





Both either vonertawal or nontransmural 

Number of diseased vessels 

‘Degree of occlusion P nO coronary arteries 
Ejection fraction“ : 
Hypotension an 
Ventricular arrhythmia” 
Late (>2 year) oe 


i Some studies differ 















































Subdivisi R Within a Intarctio 
< and $-T infarctions 


Investigations pertinent to this Anse 
anatomically transmural and hontransmur 
with electroçardiographic l Tr ad 


occur in patiente with previous ormal QRS, but ventricular Í 
hypertrophy, preexcitation, or conduction disturbances j 
producing ar changen! shes mask o T ca 





ventricular aati ter 





P Rw. 


Conclusions 


it tanvinee k is not used ri 
“not what is) I 
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controlled trial (RCT) is the optimal test of any thera- 
peutic intervention. Its scientific and practical features 
and the comparative weaknesses of alternative methods 
` have been analyzed in detail elsewhere.!-2 Indeed, it has 
. become fashionable to adorn reports of uncontrolled 
therapeutic trials with explicit (not. to say pious) 
-statements declaring the need for an appropriately 
designed RCT to test the authors’ conclusions.2 Nearly 
all of these authors never conducted a randomized trial 
before or since, so that these “escape clauses” may 
: represent less of a victory for principle accepted than 
-for “revision accepted.” 
Levine? recently observed that even distinguished 
“advocates of RCTs could publish an’ essay insisting on 
an RCT of a new treatment—lest it gain premature 
cceptance—-and in the very same journal and year re- 
port an uncontrolled trial of that treatment. In fairness, 
their essay had claimed the prior necessity of a “pilot” 


‘thors undoubtedly were sincere, but were they right? 
Is a “pilot” trial necessary or even appropriate? Expe- 
rience shows that it is a diversion that consistently lets 
“the “genie escape from the bottle.” Convincing “pilot” 
trials without appropriate concurrent control series 
regularly induce enthusiasm for a new cure, producing 


RCT.*5 The traditional stand is, “How can I deny my 


pilot trials in eliminating or postponing a definitive 
therapeutic trial. 


scientific, behavioral, and ethical. 


The Scientific Cass 


“The scientific case for initial randomize it 
ery reason for doing any control 
trate the value of a treatment 
ith an alternative treatment | atment. The 
‘counterargument, implying that r comparison 
compels us to first learn how best to use any new med- 
icine or procedure, i ignores the fact that learning to use 
a treatment is entirely feasible indeed i in no > way dif- 









comparison 
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With few exceptions,! the prospective, randomized 


_ trial. Since that indeed is traditional practice, the au-. 


a pseudoethical compulsion not to do an appropriate. 
_patients a treatment I know (read: “am now convinced”) < 


works? In urging randomization ab initio, Chalmers? < 
eloquently wrote of the “ ‘pernicious influence” of such- 


Randomizing the first patienti is supported by 3 cases: a 











fóront when randomizing from the first patie 
investigators do exactly as they would in a 
trolled trial, but in an RCT the “learning cur 
new procedure and the “pilot” trial for anew med 
take approximately twice the time Fig. n . Yet, unlike | 
igatexs’/ 
recollections, literature “ronfrols, ” or even retrospective 
historical controls oe massively EY and ` 






nt. The 












Let us further € examine mee ones 
searing, phase changa n treatr : 









as ther would i in an n uncontrolled 
definitive RCT would proceed 
method becomes satisfac 
time, a negligi 


amy) for Truth. Tas 
return, Wi vhich 


: atestible stahdard by 
and avoid ı unseemly 
id a 















Te ent an 
d ge of its short-term, a an 
effects in human beings, the 
precise conditions when Patient 1 is recruited. Without | 
id control | _ subsequent early success or | 
failure tends to bias investigators for or against the trial 
treatment, with successes usually getting published. 2 
This leads directly to the ethical case. se 
ically bound always to offer each 4 








patient. the best available treatment. Yet, with any ne 
trial treatment we cannot know which alternative is begt.\ 
and cannot so advise Patient 1, Indeed, in recruitir 





TRIAL ENDS 
Check Randomization 4 A 


| 

l Agitation For/ | 
Performance Of | 

į Controlled Trial y 


THERAPY THERAPY 
PUT INTO DISCARDED 
USE (occasional new 
4 trial 
RRIA 
Positive Negative Equivocal 
wA a 
RESULTS 
TRIAL ENDS 


rım E —S»> 





Methods / Dose 
< Adjustments -> 
As Necessary 





50% 50% 100% 
Patients Patients 
~ RANDOMIZED NOT RANDOMIZED 


FIGURE 1. Concept of controlled trial randomized from the first patient 
(left) versus unrandomized traditional pilot trial (right). Time is repre- 
” sented vertically (arrow), number of patients horizontally (width of bars). 
The controlled trial includes concurrently randomized control patients 
(white half of bar) absent in the nonrandomized “‘pilot” trial. Each 
segment of randomized trial takes twice as long as a “pilot” trial in- 
luding initiation of therapy, adjustments of methods or dosage, as 
and continuation of the trial on adjusted therapy. Methods or 
adjustments (diagonally striped segments) include the same 
number of patients, although taking twice as long in randomized trial 
owing to allocation of 50% of the patients to the control group. The 
same number of patients are finally studied in each group. At the end 
of the randomized trial there is a valid control population not available 
in the unrandomized “‘pilot”’ trial. After the “pilot” trial the alternatives 
are indicated above its endpoint. The randomized trial in theory takes 
twice as long for the same number of patients, yet the desirability of 
subsequently performing controlled trials after the “pilot” trial can in- 
volve as much or more time. 


tigator asks them all to forfeit their right to standard 
treatment and accept a treatment that he considers not 
. yet sufficiently understood to permit comparison with 
, standard therapy. When uncertain of the precise place 
of a new treatment, including methodology as well as 
efficacy and side effects, it seems ethically unjustified 
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to subject every trial patient to it. (Genuinely informed 
consent would bind honest investigators to state they 
were “getting the bugs out” and might lose some pa- 
tients’ agreement.) Thus, the RCT is not only scientif- 
ically but also ethically superior to nonrandomized 
“pilot” trials in giving each patient an equal chance tq 
get “best treatment,” when we do not know whether 


“best treatment” will prove to be the new treatment or _ 


standard treatment. Once patients are candidly in- 
formed that the trial treatment may be better or worse 
than accepted treatment or no treatment, chance alone 
(that is, random allocation) eliminates bias in allocating 
them to one or the other. 


The Behavioral Case 


Like the scientific case, the behavioral case is inti- 
mately bound to the ethical case: if a physician believes 


what he is doing is best for his patient, he is ethically 
compelled to do it. Yet this is equally true of witch — 


doctors. Both the witch doctor and the modern physi- 
cian respond to a personal ethical system when they act 
on what each considers his best option. Thus, responses 
to ethical compulsion alone do not ensure valid results. 


ae 


At a recent National Institutes of Health conference on — 
percutaneous transluminal coronary angioplasty, dis- _ 


tinguished practitioners of that art, some of whom had 
published one of the “RCTs are needed” escape clauses 
(as just cited), stated that they would not in fact do such 
an RCT because physicians were referring patients to 
them specifically for the procedure (Spodick DH, 
commentator. Personal observations, verified by tape 
transcripts. Bethesda, Maryland, June 11 and 12, 1981). 
This has been the history of a vast number of new 


medicines and procedures: early reports, virtually al- 
ways enthusiastic, from uncontrolled or poorly con- | 


trolled studies, followed by wide application under 


pseudoethical barriers to launching a well-controlled _ 


trial. 
Conclusions: The randomized controlled clinical 


trial is the most powerful and, therefore, the scientifi- _ 


cally optimal (hence, ethically optimal) method of 
demonstrating therapeutic effectiveness and safety. It 


is feasible to perform appropriately designed random- — 


ized prospective investigations beginning with the first 


trial patient (Fig. 1). This sacrifices only time (later — 


likely to be more than regained) in the search for a real 
answer, and ensures an ethical approach that gives every 
patient a 50-50 chance to get best treatment, that is, not 
to get the new medicine at a time when its precise effects 
and risk-benefit ratio are not understood. Randomizing 
the first patient simultaneously avoids unscientific and 
unethical behavior and prevents premature wholesale 
application of inadequately tested methods. 
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RESULTS OF MEDICAL VERSUS 
SURGICAL TREATMENT OF 
> UNSTABLE ANGINA PECTORIS 







































esily did not address (or measure) a variable 


Two recent cases illustrate this. concept. 


changes. Angiography showed a’ severe 
95%) proximal LAD coronary artery lesion 
ithout other important. disease. The LAD 
coronary artery was developmentally small, 
supplying only a small percentage of the 


atic in-hospital medical trial with repeated 
attempts at ambulation. We finally gave up, 
id she -had successful surgery. 

< Patiënt B, a 45-year-old man, had previ- 
ously had exercise angina arid recent severe 
repeated rest pain, with transient S-T and 
T-wave changes. Angiography showed ase- 
vere (>95%) proximal LAD coronary artery 
lesion without other important disease. The 


trunk wrapped around the apex and supplied 
the entire inferoanterior portion of the heart, 
and numerous large branches ran to the an- 
terior and lateral left ventricle. We estimated 
that this vessel alone supplied >60% of the 
eft ventricle, Coronary vein graft surgery was 
‘omptly recommended and accomplished. 

We are convinced that these patients il- 
rate a concept that must be considered in 
als. involving prognosis and therapy. If 
tient A had had an infarction. of most of 





probably have had a small but detectable 
anterior infarction, with acceptable ventric- 
ular function afterwards and.an excellent 






territory and had survived, he would proba-. 





ognosis and severely impaired function. 










incorporated into future studies, as 
h, by their de : 


portant prognostic rtorination: 






















The recent report of the National Coopera- 

. tive Study Group to Compare Medical and 
Surgical Therapy! is important, useful, and 
the result of an enormous amount of very. 


hard work. However, the Study Group evi- i diti ön to location of stenosis, percent 


stenosis, length of stenosis, and number of | 
‘stenoses i in the same vessel influence prog- = 
‘nosis.’ Interestingly, the ongoing National | 


descending coronary artery, We agree with 
their request that methods for measuring this. 
- variable be perfected and: incorporated i mo 


f supreme importance in the prognosis and 
management of single-vessel coronary disease 
ft anterior descending [LAD] or otherwise). Fa 


Patient A, a 64-year-old w woman, had pre- 
vioùsly had exercise angina and recent severe i 
peated rest pain with transient T-wave 


heart. She received a prolonged and system- 


LAD coronary artery was very large; its main 


r diseased vessel’s territory, she would |“ 


< The prognostic significance of left ventricular: © 
(LV) aneurysm: from the Coronary Artery 
“Surgery Study (CASS) has been described by. 


o Faxon et al. H , the st 
bly have had ‘an enormous anteroseptal = one Able ara udy i ie plagued 


tansmural infarction, with dismal immediate 


‘ognosis after recovery. If Patient B had had 
infarction of most of his diseased vessel's 


. attempting to look at LV aneurysm, namely, 
definition. In their study, the authors define 
LV aneurysm as a segment of LV wall pro- 

` truding abnormally “from the expected out- 

“ali ies ‘LV chamber. ” The impli 


‘Single-vessel coronary disease” cannot be 
understood or effectively analyzed without oy 


5 ed or its equivalent. Existing methods for. 
asuring this variable need to be perfected ` 








another, 


; ¿0 Faxon et al found no difference in the mor- 
A. Jarrell Raper, MD 


George W. Vetrovec, MD 
ny Richmond, Nirginia ; 


_* Letters (from the United States) eee a 


REPLY: Drs. Raper:and Vetrovec are prob- 
ably correct in their consideration of a dif- 
ference in prognosis’ for the patient with.” 
-proximal ‘stenosis of a small or large anterior 





future studies. In fact, we argue that in ad 





Heart, Lang, and Blood Institute study 
(Coronary Artery Surgery Study [CASS]} did 


make substantial changes in recording coro- - 
‘nary Artery anatomy for comparison in pro- © 


spective studies. 


The study of LAD disease i in the presence- 
of unstable angina as reported. by the Na- 


tional Cooperative Study Group" did notin- 


_ corporate the described variation in left an=. 
terior anatomy. Certainly we as both inves- ` 
_tigators and clinicians have urged that our 


study, which we think has had a profound 
influence onthe early management of un- 
stable angina, be used’ in context and’ its 
findings incorporated into patient manage- 
ment as applicable. Thus, the management 
of each specific patient must continue ta be 
individualized, although studies such as ours 


should provide an important point: of de- . 


parture for such management. 


Richard O. Russell, d, MD 


C. Richard Conti, MD 


Eugene Passamanl, MD 


‘For the National Cooperative Study Group 


4. Unstable. Angina Pectoris Study Group: National Goop- 


erative Study Group to Compare Medical-and Surgical: 


Therapy, IV. Results in patients. with left anterior de- 
scending disease. Am J Cardiol 198 1;48:517-524, 


LEFT VENTRICULAR ANEURYSM 


BY ANGIOGRAM: A PROBLEM OF oe 


DEFINITION 


by the common denominator. in all studi 


Therefore, it is. not surprising ng 





several pathologic studies in defining the 
_ natural history of this entity. It is probable 
“:othat there is a certain degree: of discrepanc 


from below, on his sternum, th 
: came more audible. The first 2 s1 








¿in regard to segmental wall motion abnor- n i 
;mality, the authors do not tell us what the 


agreement. was in terms of defi inition of an- 
eurysm, 

Third, although the authors usean angio-. - 
graphic definition of aneurysm, they quote 













between angiographic and par 
rysms._ 
Until ‘an adequate method is de rm ned 
to account for cardiac motion, w! ; 
simulate aneurysmal bulging i inapi 
an akinetic segment, the defin 
aneurysm will remain: somewha! arbitrary 
Any study that attempts todefine the natural 
history of LV aneurysm will, to a certain ex-"tea 





_ tent, be misleading in its conclusions. Thus, 
‘any results that are drawn from the study of 


Faxon et al, I believe, should be taken with 
extreme caution. 





-Bony F. Uretsky, MD 
Pittsburgh, Pennsylvania 





T asked the patient to urr ; 
: -elbow position and, pressing the stethoscope oS 



























tality of patients with LV aneurysm com- cise 


~ pared with those without aneurysm, but with: 
“an equal degree of LV function. The authors. ° 
-may have been comparing the same group oe 
_ with itself. 
The second problem with this study:t is that 
it evaluates the angiographic analysis of Bo 
participating institutions in this cooperative: = 
trial. Although there was a 93% interobserver eee 
‘agreement within participating institutions: p ES 
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+ = Degree of stimulation See last page of ad for prescribing information. 


0 = No stimulation Lilly 





bie 
f 


he 


Le 





TERETE A 


€ 


Description: Dobutrex is (+)-4-[2-[[3-(p-hydroxyphenyl)-1-methylpropyl] 
aminolJethyl]-pyrocatechol hydrochloride. It is a synthetic catecholamine. 


HO 
CH, 

É (+) 

cs HO (CH,),—NH—CH—(CH,), OH *HCI 


Molecular Formula: C,,H,,NO,* HCI Molecular Weight: 337.84 


The clinical formulation is supplied in a sterile lyophilized form for intra- 


-venous use only. Each vial contains 250 mg of dobutamine and 250 mg of 


mannitol, Hydrochloric acid is used to adjust the pH. The pH of the reconsti- 
tuted solution is between 2.5 and 5.5. 


Clinical Pharmacology: Dobutrex is a direct-acting inotropic agent whose 
primary activity results from stimulation of the beta receptors of the heart 
while producing comparatively mild chronotropic, hypertensive, arrhyth- 
mogenic, and vasodilative effects. It does not cause the release of endogenous 
norepinephrine, as does dopamine. In animal studies, dobutamine produces 
less increase in heart rate and less decrease in peripheral vascular resistance 
for a given inotropic effect than does isoproterenol. 

In patients with depressed cardiac function, both dobutamine and iso- 
proterenol increase the cardiac output to a similar degree. In the case of 
dobutamine, this increase is usually not accompanied by marked increases 
in heart rate (although tachycardia is occasionally observed), and the 
cardiac stroke volume is usually increased. In contrast, isoproterenol in- 
creases the cardiac index primarily by increasing the heart rate while stroke 
volume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human 


- electrophysiologic studies and in patients with atrial fibrillation. 


Systemic vascular resistance is usually decreased with administration of 


_ dobutamine. Occasionally, minimum vasoconstriction has been observed. 
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Most clinical experience with dobutamine is short-term — up to several 
hours in duration. In the limited number of patients who were studied for 24, 
48, and 72 hours, a persistent increase in cardiac output occurred in some, 
whereas the output of others returned toward base-line values. 

The onset of action of Dobutrex is within one to two minutes; however, as 
much as ten minutes may be required to obtain the peak effect of a 
particular infusion rate. 

The plasma half-life of dobutamine in humans is two minutes. The principal 


-routes of metabolism are methylation of the catechol and conjugation. In 
~ human urine, the major excretion products are the conjugates of dobutamine 


and 3-O-methy! dobutamine. The 3-O-methy! derivative of dobutamine is 
inactive. 

Alteration of synaptic concentrations of catecholamines with either reser- 
pine or tricyclic antidepressants does not alter the actions of dobutamine in 
animals, which indicates that the actions of dobutamine are not dependent 
on presynaptic mechanisms. 


_ Indications and Usage: Dobutrex is indicated when parenteral therapy is 
~ necessary for inotropic support in the short-term treatment of adults with 


cardiac decompensation due to depressed contractility resulting either 
from organic heart disease or from cardiac surgical procedures. 

In patients who have atrial fibrillation with rapid ventricular response, a 
digitalis preparation should be used prior to institution of therapy with 
Dobutrex. 

Contraindication: Dobutrex is contraindicated in patients with idiopathic 
hypertrophic subaortic stenosis. 

Warnings: 1. /ncrease in Heart Rate or Blood Pressure —Dobutrex may 
cause a marked increase in heart rate or blood pressure, especially systolic 
pressure. Approximately 10 percent of patients in clinical studies have had 
rate increases of 30 beats/minute or more, and about 7.5 percent have had 


a 50-mm Hg or greater increase in systolic pressure. Reduction of dosage 
usually reverses these effects promptly. Because dobutamine facilitates 


atrioventricular conduction, patients with atrial fibrillation are at risk of 


developing rapid ventricular response. Patients with preexisting hyper- 


-tension appear to face an increased risk of developing an exaggerated 


pressor response. 
_ 2. Ectopic Activity — Dobutrex may precipitate or exacerbate ventricular 
ectopic activity, but it rarely has caused ventricular tachycardia. 


Precautions: 1. During the administration of Dobutrex, as with any adrenergic 


agent, ECG and blood pressure should be continuously monitored. In 


x 


addition, pulmonary wedge pressure and cardiac output should be monitored 
whenever possible to aid in the safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with suitable volume expanders 
before treatment with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex may be ineffective if the patient 
has recently received a beta-blocking drug. In such a case, the peripheral 
vascular resistance may increase. 

4. No improvement may be observed in the presence of marked mechanical 


_ obstruction, such as severe valvular aortic stenosis. 


Usage Following Acute Myocardial Infarction—Clinical experience with 


_ Dobutrex following myocardial infarction has been insufficient to establish 


the safety of the drug for this use. There is concern that any agent which 
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increases contractile force and heart rate may increase the size of an infarc- @ 
tion by intensifying ischemia, but it is not known whether dobutamine does so. 

Usage in Pregnancy— Reproduction studies performed in rats and rabbits 
have revealed no evidence of impaired fertility, harm to the fetus, or terato- 
genic effects due to dobutamine. However, the drug has not been 
administered to pregnant women and should be used only when the expected 
benefits clearly outweigh the potential risks to the fetus. 

Pediatric Use—The safety and effectiveness of Dobutrex for use in 
children have not been studied. 

Drug Interactions — There was no evidence of drug interactions in clinical 
studies in which Dobutrex was administered concurrently with other drugs, 
including digitalis preparations, furosemide, spironolactone, lidocaine, glyceryl 
trinitrate, isosorbide dinitrate, morphine, atropine, heparin, protamine, 
potassium chloride, folic acid, and acetaminophen. Preliminary studies 
indicate that the concomitant use of dobutamine and nitroprusside results: 
in a higher cardiac output and, usually, a lower pulmonary wedge pressure 
than when either drug is used alone. 


Adverse Reactions: /ncreased Heart Rate, Blood Pressure, and Ventricular 
Ectopic Activity—A 10 to 20-mm increase in systolic blood pressure and an 
increase in heart rate of five to 15 beats per minute have been noted in most 
patients. (See Warnings regarding exaggerated chronotropic and pressor 
effects.) Approximately 5 percent of patients have had increased premature 
ventricular beats during infusions. These effects are dose related. 

Miscellaneous Uncommon Effects —The following adverse effects have 
been reported in 1 to3 percent of patients: nausea, headache, anginal pain, 
nonspecific chest pain, palpitations, and shortness of breath. 

No abnormal laboratory values attributable to Dobutrex have been 
observed. 

Longer-Term Safety—Infusions of up to 72 hours have revealed no 
adverse effects other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evidenced by excessive alteration 
of blood pressure or by tachycardia, reduce the rate of administration or 
temporarily discontinue Dobutrex until the patient's condition stabilizes. 
Because the duration of action of Dobutrex is short, usually no additional 
remedial measures are necessary. 


Administration and Dosage: Reconstitution and Stability—Dobutrex is 
incompatible with alkaline solutions and should not be mixed with products 
such as 5% Sodium Bicarbonate Injection. 

Dobutrex may be reconstituted with Sterile Water for Injection or 5% 
Dextrose Injection. To reconstitute, add 10 ml of diluent to Vial No. 7051, 
Dobutrex, 250 mg. If the material is not completely dissolved, add another 
10 ml of diluent. The reconstituted solution may be stored under refrigeration 
for 48 hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further diluted to at least 50 ml prior to 
administration in 5% Dextrose Injection, 0.9% Sodium Chloride Injection, or 
Sodium Lactate Injection. Intravenous solutions should be used within 24 
hours. 

Solutions containing Dobutrex may exhibit a color that, if present, will 
increase with time. This color change is due to slight oxidation of the drug, 
but there is no significant loss of potency during the reconstitution time 
periods stated above. 

Recommended Dosage—The rate of infusion needed to increase cardiac 
output usually ranges from 2.5 to 10 mcg/kg/min (see table). On rare 
occasions, infusion rates up to 40 mcg/kg/min have been required to 
obtain the desired effect. 


Rates of Infusion for Concentrations of 250, 500, and 1000 mcg/ml 


Drug Delivery Infusion Delivery Rate 
Rate 250 mcg/ml* 500 mcg/mit  * 1000 mcg/ml 
(meg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
§ 0.02 0.01 0.005 
T5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 


*250 mg per liter of diluent 


0.015 } 
+500 mg per liter or 250 mg per 500 ml of diluent 
$1000 mg per liter or 250 mg per 250 ml of diluent 


The rate of administration and the duration of therapy should be adjusted 
according to the patient's response, as determined by heart rate, presence 
of ectopic activity, blood pressure, urine flow, and, whenever possible, 
measurement of central venous or pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have been administered to humans 
(250 mg/50 ml). The final volume administered should be determined by 
the fluid requirements of the patient. 


How Supplied: Vials Dobutrex® (dobutamine hydrochloride, Lilly), for In- 
jection (lyophilized), equivalent to 250 mg dobutamine, 20-ml size, rubber- 
stoppered, in packages.of 1. (121979) 


Additional information available to the profession on request. 


Lilly Eli Lilly and Company 


Indianapolis, Indiana 46285 


200637 


(©1982. ELI LILLY AND COMPANY 


An Effective Bioprosthesis for All Positions 


Efficient hemodynamic function, even in the smallest sizes, prompted early clinical use of the lonescu- 
Shiley Pericardial Xenograft for aortic valve replacement. Recent analysis of clinical data following mitral 
valve replacement utilizing the lonescu-Shiley Pericardial Xenograft reveals not only efficient hemody- 


namic function, but also an extremely low incidence of thromboembolism and thrombosis when compared 
to other bioprostheses. 


In Marian lonescu’s ten year clinical experience with the pericardial valve in the mitral position, a low 
incidence of thromboembolism and no thrombosis have been achieved without the use of longterm anti- 
coagulation.’ Additional clinical studies from other institutions have now confirmed his findings.®*“‘ 
Efficient hemodynamics, excellent thromboresistance and durability are three important reasons why the 
lonescu-Shiley Pericardial Xenograft is an effective bioprosthesis for all positions?‘ 


A film presenting lonescu-Shiley Pericardial Xenograft implantation techniques, clinical data and compara- 
tive in vitro bioprosthetic function is available for your review. To obtain a copy of the film or for further clinical 
data, please contact Shiley Incorporated or your Shiley technical representative. 


Clinical Durability of the Pericardial Xenograft Valve: Ten Years’ Experience with Mitral Replacement;’ Marian I. lonescu, etal. Pre- 
sented at the Eighteenth Annual Meeting of the Society of Thoracic Surgeons, January 11-13, 1982, New Orleans, Louisiana. 
*“The lonescu-Shiley Pericardial Xenograft Valve; Dr. Denton A. Cooley, et al, Texas Heart Institute, Houston, Texas. Cardiology 
Times, February, 1982 

‘Cardiac Valve Replacement with the Pericardial Xenograft;’ Cardiovascular Surgery, 1980, pps. 640-644. Radu Deac, M.D., etal, 
Mures Clinic Hospital, Tirgu-Mures, Romania. 
‘Clinical Experience with the lonescu-Shiley Xenograft Valve at Four to Five Years of Follow Up;’ J. B. Garcia-Bengochea, M.D., 
etal, University of Santiago School of Medicine; Santiago de Compostela, Spain. 
“Conduit Repair for Complex Congenital Heart Disease with Pulmonary Atresia or Right Ventricular Outflow Tract Obstruction; 
E.R. de Vivie, et al. Thoracic Cardiovascular Surgeon, 1981, pps. 329-336. 

Tricuspid Valve Replacement,’ Marian |. lonescu. Modern Technics in Surgery, Cardiac/Thoracic Surgery, Installment Il. 


For detailed information describing warnings, precautions and contraindications, refer to the instructions provided with each device. 


Shiley Inc. Shiley-Howmedica 
17600 Gillette Avenue 350 Avenue Louise 
Irvine, CA 92714 U.S.A Boite 17 

(714) 979-0500 B-1050 Bruxelles, 

(800) 854-3683 Tel: (02) 649-6137 

Cable: SHILEYINC IRIN Telex: 26178 PMSEURb 


f ‘N GRAE 
Telex: 68-5585 


See us at Booth Nos. 1387 & 1389 at the ACC Convention Center 








THE ALPHA 
UNIVERSE 


..1S the Catapres" universe of 
central alpha control for 
all kinds of hypertensives 


No contraindications**to Catapres — 
you can prescribe it for: 


e Asthmatic hypertensives 
Does not act directly on beta: receptors of 
the lungs (blocking these receptors induces 
bronchospasm). 


e Diabetic hypertensives 
Lowers blood pressure without impairing oral 
antidiabetic effectiveness. 


e Hypertensives with renal insufficiency 
Lowers blood pressure without long-term 
reduction of cardiac output. (Does not 
reduce renal perfusion or GFR.) 


e Hypertensives with congestive heart failure 
Does not depress myocardial contractility. 


e Stress-induced hypertension 
Inhibits sympathetic nervous activity 
centrally and does not elevate plasma 
catecholamines. 


e Elderly hypertensives 
Recommended in isolated systolic 
hypertension in the elderly.’ 

*Central alpha-adrenergic stimulation decreases sympathetic 
outflow from the brain, as shown in animal studies. 


**Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 


1. Statement on Hypertension in the Elderly, Revised April, 
1980. Approved by the National High Blood Pressure 
Education Program Coordinating Committee. 


atapres 
(clonidine HCl) 
Hypertension 


Please see brief summary of PI for warnings, precautions, and 
adverse reactions. 





eg Tablets of 0.1, 0.2, 0.3 mg 
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Catapres°® 


(clonidine hydrochloride) 

Tablets of 0.1, 0.2, 0.3 mg 

Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 
Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 
Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
eg recent myocardial infarction, cerebrovascular disease or chronic renal 
failure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride, Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, Baynguds phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro: 
chloride) overdosage. 

How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100.. Àlso available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 

‘or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 
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The Alpha Universe, a painting by Arthur Lidov, commis- 
sioned by Boehringer Ingelheim Ltd. 


Lidov's work, the second in a series on central alpha action, 
interprets the Alpha Universe on many levels...the universe 
of patients who can benefit from the central alpha control of 
Catapres...the special world of patient/clinician interaction... 
the internal universe within each patient that determings or 
modifies his therapy...and the universe of medicine i:self. 
Lidov is a painter whose art invites us to share his own fasci- 
nation with the creativity inherent in science. 


If you like this painting, we would be pleased to send you a 
handsome reproduction suitable for framing...with our 
compliments. 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 


Boehringer 
Ingelheim 


" = A new 


aa a 


; 
i 
k 


INI 
presence” 





DANDY 


j 


Dynamic ECG . 

with three-dimensional 
perspective 
representation, 

result of CARDIOLINE 
experience, 

the co-operation of 
the medical profession, 
and the research of 
CNR at Pisa. 


New in its really portable 
recorder 

New in its really innovative 
analyser 

New in its really functional 
control unit 

New and revolutionary in its 
diagnosis system, based on 
a clear complete, 
three-dimensional image. 


2.5 - minute context of 
memorized cardiac cycles 
with dynamic representation 
three-dimensional 
perspective 





20060 S. Pedrino di Vignate 
(MI) Italy 

@ (02) 95.66.451 (3 linee) 
Telex: 334406 --OCMER-I: 
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Tihe Cassie foe 
is-Lasix regi men. 


furosemide 


Naturally, ieredsd, renal probl 
vigilance to any signs. of toxi ( 


The second precaution is the unvarying use of a single 
diuretic for a given patient (consistent with proper: po 
sium balance). Thus, ‘if the choice i is eons itis 


range of fone forms and aie k for prec 

and is the most widely available brand of furos 
filling or refilling your prescription anywhere i 
States. In fact, according to a 1980 nation : 
office-based physicians affirmed their confidenc 
LASIX® by naming it as the medication they ee i 
most frequently in office practice. 


Protect your LASIX® prescription a 
-prevent substitution 
When you prescribe LASIX®, write the phrase “Do not 
substitute,” or whatever your state sits on the- 
prescription. ; ; 


Professional Relations soff: i 


Reference: 1. Koch H: Drugs m mosi frequently used in offi 
practice: National Ambulatory Medical Care Survey, 1980 
and Health Statistics of the Nat Ctr for Health Statistics, 
(May 12) 1982; 

Before prescribing, please consult complete product informat 
a summary of which appears on n the following page: 


_ füřósemide 
ye diuretic of choice forthe 
digitalized patient. 





` ithesias, 


d needs. 
? : Edema associated with congestive hear! fa 
irrhosis of the liver, and renal disease, including the nephrotic 


; lents not adequately con- 
: oz ‘not be odequotely con- 
{rolled with furosemide alo 


CONTRAINDICATIONS: “Anuria. History Dpr 
area tees 


+, Qi 

ae 
fluid ond el 
coma. Supp! 


agents. Potentiation occurs with gangl- 
onic or peripheral de blocking drugs. Exacerbation or 
‘activation of systemic lupus.erythematosus may occur Furo- 
Semidé appears in breast milk. if use of the drug is:essential, the 
potient should stop-nursing. Cases of tinnitus and reversible 
“hearing impairment have been reported 
Pa ee have also been some reports of. cases in which irreversible 
hearing impairment occurred: Usually ototoxicity has been 
—feported when furosemide'was injected rapidly in patients with 
“Severe impairment of renal function at doses exceeding several 
limes the usual recommended dose and.in- whom other drugs 
knows töbe olotoxic were given: If the physician elects to, use 
high-dose parenteral therapy in-patients with severely impoited 
tenat function, controlled intravenous infusion is advisable. (For 
aoui on an infusion er a notexceeding 4 mg furosemide per min- 
ë 
PRECAUTIONS: Be As with any effective diuretic, electrolyte deple- 
fion may occur especially in patients receiving higher doses and 
n festricied salt intoke. Patients receiving furosemide should be ` 
“Observed for clinical signs of fluid or electrolyte imbalane, = 
namely hyponotremia, hypochioremic alkalosis, and hypokaie-. 
mio. Serum-and urine electrolyte delerminations are. particulary. 
- “important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may aise: influ- 
‘ence serum electrolytes: Hypokaiemia may develop with furo- 
“gemide os with any arer potent diuretic, especially with brisk 
diuresis, when cirrhosis is present, or during concomitant use of 
z: corticosteroids ‘or ACTH. interference with adequate oral electro- 
‘Wie intake will also contribute to hypokalemia, Digitalis mat 
exaggerate metabolic effects of hypokalemia, especially with ref- 
erence to myocardial ‘activity Asymptomotic hyperuricemia can 
‘occurand gout may rarely be precipitated. Increases in blood 


us glucose and alterations in glucose tolerance tests with abnor- 


molities of Ihe fasting and-two-hour-postprandial sugar have 
: Been Observed, and rare cases of precipitation of diabetes melli- 
tus have been reported. Furosemide moy lower serum calcium 
“levels; ond rare cases. of fetany have been reported. Periodic 
setum calcium levels should be obtained. Reversible elevations 
i- These have been observed in-assdciation 
: ‘which should be avoided, particularly in 
“patients with renal insufficiency. Patients receiving high doses of 
` salicylates in conjunction with furosemide may experience solis 
cylate- toxicity of lower doses because.of competitive renal-excre- 


i fory sites. Furosemide has a lendency fo antagonize the effects 
potentiate the action of succinylcholine. : 


‘of fubocurorine and may 
Lithium generally should not be given with diuretics because 
they reduce its renal clearanoe and add a high risk of lithium, 
toxicity Diuretics such as furosemide moy enhance the nephro- 

“toxicity of caphatoridine: Therefore, furosemide ond cephatori- 
dine should not be administered simultanequsly: Furosemide 
Moy. decrease arterial responsiveness to norepinephrine, This 
diminution is not sufficient to preclude effectiveness ofthe... 
pressor for therapautic.use it hos been reported in the 
literature that coadministration of indomethacin. may reduce the 
Natriuretic ond antihypertensive effects of Lasix (sare in 
some patients, This effect has been atiributed bition 


Furosemide should be used uring pregnancy only if the. 

potential beneti! justifies the potential risk to the fetus,- 

ADVERSE REACTIONS: Anorexia, ora! and gastric irritation, 

_ Nausea, vorniling, cramping, diarrhea, constipation, joundice 

: ek igor ae pancreatitis, dizziness; vertigo; pores- 

he; xanthopsia.; blurred vision, finnitus.and hear- 

loss, anemia, leukopenia, agranulocytosis (rare), thrombo- 

aonan. apiaslic onemi (rare), purpura, photosensitivity, 


tosh, uflicaria, necrotizing angilts. (vasculitis, culaneaus vas- =: 


culitis), exfoliative dermafitis, erythema multiforme, pruritus: 
Orthostatic hypotension may occur ond may. be exaggerated 
by alcohol, barbiturates, or narcotics. Other adverse reactions. 
include hyperglycemia, glycosuria; hyperuricemia. muscle: 
spasm, weakness, restiessness, urinary bladder spasm, 
thrombophlebitis. 


e ae 


CROT TI 


mapro o 
senata en ar Hoechst W 


Edited byi 


John H. u gh, MD 


Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New. York 


Hospital- Cornell Medical Center | 


644 pages. 36 chapters by 85 

‘internationally known spe- 
 Clalists. Ilustrated. Compre- 
` hensively indexed. $49.00. 

Available on 30-day pproval. 


High blodd p pressure is no longer only a problem: f world- 
wide interest and relevance. It is now one in w ; 
knowledge base has exploded to the point where 
formed physician can do more and more ab: 

daily practice. „and can apply, tocan ever-i 


extent, more sophisticated and individually tailored 


therapies. 


-Please add Sa 95 Tax in N.Y, State. Outside Western Hemisphere 


Laragh’s TOPICS IN HYPERTENSION places this kind 
‘of vital knowledge within instant reach of the physician. 


ing, hone and treating this. probie 


This book is conveniently organized for effective consul- 
tation and reading: : 


+ Section 1 consider 


i recently maturing biochemical änd 
pathophysiologic aspects of the problem. - 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


. Section 3 discusses hew Wi Perceptions of the clinical and 
-prognostic aspects of hypertension. l ‘ 


* Section 4 considers i in detail the more recently intros: 
duced modes of thera 


batning o of anew more sele tive and specific 
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Your angina patients*can become more 

active now ...with. PROGARDIA protection. 
They'll be pain-free more of the time! and 

find their need for nitroglycerin greatly 
reduced? They'll be able to work harder, 
exercise more? And be more active participants 
in their own lives once again. 


feeling better...doing more 


(NIFEDIPINE) “°°” 


*Procardia is indicated for the management of: 

¢ Confirmed vasospastic angina. 

+ Angina where the clinical presentation suggests a possible vasospastic component. 

* Chronic stable angina without evidence of vasospasm in patients who remain symptomatic despite adequate doses of 
beta blockers and/or nitrates or who cannot tolerate these agents. In chronic stable angina (effort-associated angina) 
Procardia has been effective in controlled trials of up to eight weeks duration in reducing angina frequency and 
increasing exercise tolerance, but confirmation of sustained effectiveness and evaluation of long-term safety in these 
patients are incomplete 


Please see PROCARDIA® brief summary on next page 








PROCARDIA 
(NIFEDIPINE) °°” 


_ —Usual effective dosage 
is 30-60 mg/day 


For most patients, titrate over 7 to 14 days, using the 
patient's blood pressure response, attack frequency, 
sublingual nitroglycerin intake and activity level as a 
guide. Titration may be more rapid (e.g., 3 days) if 
symptoms warrant and the patient is observed closely. 


Because Procardia decreases peripheral vascular 
resistance, careful monitoring of blood pressure during 
initial administration and titration is suggested. Close 
observation is especially recommended for patients 
taking medication known to lower blood pressure. 


— Offers a favorable 
safety profile 


Most frequently reported side effects, usually mild, are 
dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each 
occurring in about 10% of patients, transient 
hypotension in about 5%, palpitation in about 2% and 
syncope in about 0.5%. 
References: š 
1. Stone PH, Turi ZG, Muller JE: Efficacy of nifedipine therapy for refractory angina pectoris. Am Heart J 
104:672-681, September 1982. 
2. Antman E, Muller J, Goldberg S, el al: Nifedipine therapy for coronary-artery spasm: Experience in 
127 patients. N Eng J Med 302: 1269-1273, June 5, 1980. 


3. De Ponti C, De Biase AM, Pirelli S, et al: Effects of nifedipine, acebutolol, and their association on 
exercise tolerance in patients with effort angina, Cardiology 68 (suppl 2): 195-199, 1981 
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BRIEF SUMMARY = ieee 
PROCARDIA® CAPSULES For Oral Use® 


nitedipine 3 

INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the i 
management of vasospastic aye confirmed by any of the following criteria: 1) classical pattern 
of one at rest accompanied by ST segment elevation, 2) angina or coronary pet spasm pro- 
voked by ergonovine, or 3) angiographically demonstrated coronary artery spasm. In those patients 
who have had angiography, the presence of significant fixed obstructive disease is not incompatible 
with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but 
where vasospasm has not been confirmed, e.g., where pain has a variable threshold on exertion or 
in unstable angina where electrocardiographic findings are compatible with intermittent vaso- 
spasm, or when angina is refractory to nitrates and/or adequate doses of beta blockers. . 

Il. Chronic Stable Angina (Classical Etfort-Associated Angina): PROCARDIA is indicated for 
the management of chronic stable angina (effort-associated bk without evidence of vasospasm 
in patients who remain symptomatic despite adequate doses‘of beta blockers and/or organic nitrates 
or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled 
trials of up to eight weeks duration in reducing angina frequency and os yh exercise tolerance, 
but ck Sh of sustained effectiveness and evaluation of long-term safety in those patients are 
incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and 
beta blocking agents may be beneficial in patients with chronic stable angina, but available infor- 
mation is not sufficient to predict with confidence the effects of concurrent treatment, especially in 
patients with compromised left ventricular function or cardiac conduction abnormalities. When in- 
troducing such concomitant therapy, care must be taken to monitor blood pressure closely since 
severe hypotension can occur from the combined effects of the drugs. (xee Warnings.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 

WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of 

PROCARDIA is modest and well tolerated, occasional patients have had excessive and poorly tol- 

erated hypotension. These responses have usually occurred during initial titration or at the time of 

ome upward dosage adjustment, and may be more likely in patients on concomitant beta 
lockers. 

Severe aeon and/or increased fluid volume requirements have been reported in patients 
receiving PROCARDIA together with a beta blocking agent who underwent coronary artery bypass 
surgery using high dose fentanyl anesthesia. The interaction with high dose fentanyl appears to be 
due to the combination of PROCARDIA and a beta blocker, but the possibility that it may occur with 
PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, -or with other narcotic 
analgesics cannot be ruled out. 
increased Angina: Occasional patients have developed well documented increased frequency, du- 
ration or severity of angina on starting PROCARDIA or at the time of dosage increases. The mech- 
anism of this response is not established but could result from decreased coronary perfusion 
associated with decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a with- 
drawal Syndrome with increased angina, probably related to increased sensitivity to catechol- 
amines. Initiation of PROCARDIA treatment will not prevent this occurrence and might be expected 
to exacerbate it by provoking reflex catecholamine release. There have been occasional reports of 
increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. Itis important 
PE blockers if possible, rather than stopping them abruptly before beginning 


Congestive Heart Failure: en patients, usually receiving a beta blocker, have developed heart 
apr after beginning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for 
such an event. 

PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular re- 
sistance, careful monitoring of blood pressure during the initial administration and titration 
of PROCARDIA is suggested. Close observation is ponoril recommended for patients already 
taking medications that are known to lower blood pressure. (See Warnings.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vaso- 
dilation and not due to left ventricular dysfunction, occurs in about one in ten patients treated wit 
PROCARDIA. This edema occurs primarily in the lower extremities and usually responds to diuretic 
therapy. With patients whose paga is complicated by congestive heart failure, care should be taken 
to differentiate this peripheral edema from the effects of increasing left ventricular dysfunction. 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Warnings.) Experience 
in over 1400 patients in a non-comparative clinical trial has shown that concomitant administration 
of PROCARDIA and beta-blocking agents is usually well tolerated, but there have been occasional 
literature reports suggesting that the combination may increase the likelihood of congestive heart 
failure, severe hypotension or exacerbation of angina. i 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have 
been no controlled studies to evaluate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve 
normal volunteers. The average increase was 45%. Another investigator found no increase in di- 
goxin levels in thirteen patients with coronary artery disease. In an uncontrolled study of over two 
hundred patients with congestive heart failure during which digoxin blood levels were not meas- 
ured, digitalis toxicity was not observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjust- 
ing, and discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Carcinogenesis, mutagenesis, impairment of fertility: When given to rats prior to mating, nife- 
ape caused reduced fertility at a dose approximately 30 times the maximum recommended hu- 
man dose . - 

Pregnancy: Category C. Please see full prescribing information with reference to teratogenicity in 
rats, embryotoxicity in rats, mice and rabbits, and abnormalities in monkeys. 

ADVERSE REACTIONS: The most common adverse events include dizziness or ight hemiaenest 
peripheral edema, nausea, weakness, headache and flushing each occurring in about 10% of pa- 
tients, transient hypotension in about 5%, palpitation in about 2% and syncope in about 0.5%. 
Syncopal episodes did not recur with reduction in the dose of PROCARDIA or concomitant antian- 
ginal medication. Additionally, the following have been reported: muscle cramps, nervousness, 
dyspnea, nasal and chest congestion, diarrhea, constipation, inflammation, joint stiffness, shaki- 
ness, sleep disturbances, blurred vision, difficulties in balance, dermatitis, gaius urticaria, fe- 
ver, sweating, chills, and sexual difficulties. Very rarely, introduction of PROCARDIA therapy®was| 
associated with an increase in anginal pain, possibly due to associated hypotensio 

In addition, more serious adverse events were observed, not readily distinguishable fr ‘ret - 
ural history of the disease in these patients. It remains possible, however, that some or many of 
these events were drug related. Myocardial infarction occurred in about 4% of patients and conges- 
tive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction distur- 
bances each occurred in fewer than 0.5% of patients. e 

Laboratory Tests: Rare, mild to moderate, transient elevations of enzymes such as alkaline phos- 

phatase, CPK, LDH, SGOT, and SGPT have been noted, and a single incident of significantly ele- 
vated transaminases and alkaline phosphatase was seen in a patient with a history of gall bladder 
disease after about eleven months of nifedipine therapy. The relationship to PROCARDIA therapy is 
uncertain. These laboratory abnormalities have rarely been associated with clinical symptoms. 
Pee possibly due to PROCARDIA therapy, has been reported twice in the extensive world 
iterature. 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. 
PROCARDIA CAPSULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069- 
2600-72), and unit dose (10x10) (NDC 0069-2600-41). The capsules should be protected from 
ngne and moisture and stored at controlled room temperature 59° to 77°F (15° to 25°C) in the man- 
ufacturer's original container. 


More detailed professional information available on request. 
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Unipolar Model Bipolar Model 
VX5-105 VX5-205 


5-Function Programmability in a Super Thin Case 





All of the most needed multi programmable pacing features in a modern, 
thin unipolar or bipolar design 


Compare the Coratomic VX5 Series pacemaker features with any other competitive VVI/ VOO 
multi programmable unit...then go one step further and discuss cost-effective pacing comparison 
with your Coratomic pacer specialist. You'll be pleasantly surprised on both subjects. 


e Real time telemetry 


e Magnetic rate independent of 
pacing rate 

e Easy to use, easy to read programmer 
with light weight construction for one 
hand programming 

e Programmer can be used before, 
during and after implantation to read 
the pacing rate and pulse width status 
of the pacer, or to noninvasively 
change these values. 


* 5 programmable functions (rate, pulse 
width, sensitivity, refractory period 

"and amplitude) 

» 9mm thin case 

*,Ovaloid shape with ‘‘velvet grain” 
finish 

» Reliable lithium power source 


e Crystal controlled timing to assure 
ultra stable rates 


ə 45 grams in weight (unipolar) 
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Ey Paar 


- For steady maintenance following : 
- cardioversion of supraventricular, 
ventricular, and atrial tachyarrhythmias 


a Maintains normal sinus rhythm 
a Full quinidine cardiodynamics 


® Greater gasirointestinal tolerance 
than with quinidine sulfate* . 


= Convenient b.i.d. or t.i.d. dosage 


"Bibliography avaiiable upon request 
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INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy atter DRUG INTERACTIONS OF QUINIDINE: 
pe aed and ¢'sctrical conversion of atrial tachycardia, flutter or fibrillation andin the treatment DRUG EFFECT 
of premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 3 q d 
junctional rhythm, atrial flutter, paroxysmal atrial fibrillation, established atrial fibrillation when ae Sede an drugs Yes abit Mg ete x effects y 
therapy is appropriate, and paroxysmal ventricular tachycardia wheninot associated with complete With st gic i hibas acd Petia fuh oa in eed: 
h lock. CONTFAINDICATIONS: History of hypersensitivity to quinidine. complete A-V block, y Ba ral mol ie eink ty snk Ronn cr sl R mal ung 14 
complete bundle branch bloc: or other covere intraventricular conduction defects, myasthenia WiKGs anita lieu ae e ha ajen ad Cf ee ner 
gravis, arrhythmias associated with digitalis toxicity. WARNINGS: In the treatment of atrial tay oC priar t ot ROSA Onat, neice A 
'llationwithrapidventricular response, use digitalis to control ventricular rat prior to administra- ; Arrasin ata a ie Šas Pior vaton ots “üromuscular ebd 
tion. of quinidine. In the treatment of atrial flutter, reversion to sinus rhythm may be preceded b 
progressive reduction in the degree of A-V block to a 1:1 ratio resulting in an extremely high He phenothiazines and Capel ie Aave Ep is amy A 
ventricular rate. This potential hazard may be reduced by digitalization prior to administration of a Bx Cha een cite Ta, jecreased passiainaltlite of quinidine 
Guinidine. Potentially toxic digoxin plasma levels may occur when quinidine is administered Wahi nobarbital, phenytoin. rifampin) i Sini benan oi 
cöncurrentiy. Consider reducing digoxin dosage and monitoring for digitalis toxicity. Evidence UR RUOAN aoe WARNINGS = peo ch ada 
of Seed cardiotoxicity (increased P-R and Q-T intervals, 50% widening of QRS, and/or (see "i ; 
ventricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or PREG | 
NANCY: The use of quinidine in pregnancy should be reserved only for. those cases whe) 
close clinical and electrocardiographic monitoring. NOTE, Quinidine effect is enhanced By the benefits outweigh the possible hazards to the patient and fetus. NURSING MOTHERS: 


potassium and reduced in the presencs ot hypokalemia. Quinidine should be used with extreme > 

E ma aeae a D a tates eT book an anys may eat = GUE ane a vas wy cau ae. exo” one guinen breast Ik ADVER. 
y cause al ii m in digitalized patients; therefore, it should be us: s ” N : 

with caution in ihe presence of digitalis intoxication. Caution is also called for in patients exhibiting FINAL Danpol may appeanin danshive pations pe Tage dose oi the drug: GASTROINT £: 


rena’, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
plasma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sulfate may be complex. cardiac asystole, ventricular ectopic beats. idioventricular rhythms (including ventric: 


administered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and tachycardia and fibrillation), paradoxical tachycardia, arterial embolism, and pypotension.! Ev 
Setern nation cf plasma quinidine ievels are recommended when doses greatar than 2 59/day are TOLOGIC Acute hemolytic anemia, hypo". sh.ombinemia, thrambocytopenic purpura, 
administered, Periodic blood counts and liver and kidney function tests should be pertormed during cytosis. CNS: Headache, lever vea yO, APPLE BION excitemeni M | i 
long-term therapy. $ Font disturbed nearing tinnitus decreased auttory acuity), di Contusion, del 
r x urrad vision, disturbed color perception reduced , jeld, 
bi . \ ‘San field, 
Purdue Frederick amose Scotomata), optic neuritis DERMATOLOGIC. Rash, cutaneous flushi 
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